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I. — Contributions  to  Cellulose  Chemistry. 
By  C.  F.  Ceoss  and  E.  J.  Beviw. 

Acetylatiofi  of  Cellulose, 

Ik  the  coarse  of  our  investigatioiiB  of  the  constitation  of  the  ligno- 
cellnloses  (Tjans.,  1889,  55,  199),  we  have  had  occasion  to  study  the 
action  of  acetic  anhydride  on  jnte ;  at  the  boiling  point,  this  is  par- 
tially dissolved  by  the  anhydride,  and  on  pouring  the  solution  into 
water  a  flocculent  precipitate  of  an  acetyl  derivative  is  obtained; 
the  increase  in  weight  was  found  to  be  from  12  to  13  per  cent.  If 
sodium  acetate  is  added  to  the  anhydride  (Liebermann's  method),  the 
yield  is  increased  to  120  per  cent.,  and  still  better  results  are  obtained 
by  the  use  of  a  trace  of  zinc  chloride. 

The  last  method,  which  is  due  to  Franchimont  (Per.,  12,  2059),  has 
been  frequently  employed  of  late,  notably  for  the  preparation  of  the 
higher  acetyl  derivatives  of  the  soluble  carbohydrates  (Be)-.,  12,  1264 
and  2207),  and,  before  proceeding  with  our  research,  we  thought  it 
better  to  familiarise  ourselves  with  the  method  by  studying  the  action 
of  acetic  anhydride  upon  cellulose  itself. 

It  is  well  known  that  cellulose  does  not  react  with  acetic  anhydride 
even  in  the  presence  of  sodium  acetate,  unless  the  temperature  be 
raised  to  180".  Franchimont,  however,  has  found  (loc,  cit.)  that  in 
presence  of  zinc  chloride,  cellulose  is  rapidly  attacked  at  the  boiling 
point  of  the  anhydride,  the  chief  product  being  the  triacetate  pre- 
viously described  by  Schutzenberger  (Compt.  rtfid.,  68,  814),  a  true 
cellulose  derivative ;  whereas  when  sulphuric  acid  is  employed  as  the 
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anxiliarj,  the  molecule  is  resolved  into  a  complex   of  crjstalline 
derivatives  of  lower  molecular  weight. 

In  our  experiments,  purified  cotton  was  boiled  for  16  hours 
with  acetic  anhydride  containing  in  solution  a  trace  of  zinc  chloride, 
when  it  was  found  that  the  whole  of  the  ^re  had  disappeared. 
On  pouring  the  solation  into  water,  a  copious  precipitate  was  obtained, 
which,  after  washing  and  drying,  was  found  on  combustion  to  contain 
52-3  per  cent,  of  carbon  and  5 '6  per  cent,  of  hydrogen ;  on  hydrolysis, 
it  afforded  a  quantity  of  acetic  acid  equal  to  80  per  cent,  of  the  sub- 
stance. 

We  purified  a  portion  by  dissolving  it  in  acetic  acid  and  treating 
it  with  potassium  permanganate.  The  acetyl- compound  is  not 
acted  on,  whereas  the  traces  of  other  compounds,  chiefly  aldehydic, 
which  accompany  it,  and  which  we  may  mention,  give  to  the  solution 
an  orange-green  fluorescence,  are  easily  oxidised  and  removed.  The 
yield  of  the  purified  product  amounted  in  several  preparations  to 
170 — 190  per  cent,  of  the  original  cotton  fibre.  On  combustion,  it 
gave  the  following  numbers  : — 

01007  gave  01912  CO,  and  00537  HjO  =  carbon  51-6  and  hydro- 
gen 6*9. 

These  numbers,  together  with  the  yield  and  the  amount  of  acetic 
acid  obtained  on  hydrolysis,  pointed  clearly  to  the  fact  that  we  had 
obtained  a  higher  derivative  than  the  triacetate.  The  hydrolysis 
numbers  are  the  most  trustworthy  as  an  indication  of  the  composition 
of  such  compounds,  as  the  difference  in  the  yield  of  acetic  acid 
between  the  tri-  (625),  tetra-  (72*7),  and  penta- derivatives  (80*7  per 
cent.)  are  considerable,  whereas  the  percentages  of  carbon  and  hydro- 
gen vary  but  slightly.  The  hydrolysis  number  obtained  by  us  for 
the  purified  compound  was  equal  to  81  per  cent,  of  acetic  acid.  This 
will  be  seen  to  be  in  close  accord  with  the  number  calculated  for  the 
pentacetate,  namely,  80' 7.  From  this  fact  alone,  therefore,  there  can 
be  no  doubt  that  the  compound  we  have  obtained  is  the  pentacetate. 

It  dissolves  freely  in  acetic  acid,  and  it  is  precipitated  from  this 
solution  on  the  addition  of  water  in  dense,  opaque  masses,  which  dry 
to  a  gpranular  powder.  It  melts  at  a  high  temperature  to  a  clear 
liquid,  without  decomposition.  It  is  soluble  in  boiling  nitrobenzene, 
and  the  solution  gelatinises  on  cooling.  This  property  is  regarded  by 
Franchimont  (Bee.  Trav.  OAtm.,,2,  241)  as  characteristic  of  the 
ethereal  salts  of  cellulose,  in  contradistinction  to  those  of  allied  carbo- 
liydrates  of  lower  molecular  weight. 

Sulphuric  acid  dissolves  it,  but  at  the  same  time  decomposes  it, 
although  from  its  solution  in  a  nitrating  mixture  of  equal  volumes  of 
Hulphuric  acid  and  nitric  acid  it  is  precipitated  apparently  unchanged. 
On  this  point  we  may  cite  the  following  numbers : — 0*120  gram  dis- 
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fiolved  yielded  01 19  gram  on  reprecipitation.  Tlie  precipitate,  when 
examined  for  nitrogen  by  Eder's  metbod  (Ber,,  13,  169),  gave  no 
nitric  oxide,  neither  did  it  yield  any  snlphnric  acid  when  fused  with 
potassinm  hydrate  and  nitrate.  Nitric  acid  also  dissolves  the  pent- 
acetyl-compound,  and  it  is  reprecipitated  by  water  withont  change. 
It  resists  prolonged  boiling  with  dilute  mineral  acid.  As  stated 
before,  it  is  not  oxidised  by  permanganate,  and  the  products  of 
alkaline  hydrolysis  do  not  reduce  Fehling's  solution.  It  gives  no 
colour  with  iodine  solution,  even  with  the  addition  of  sulphuric  acid. 
When  hydrolised  with  solution  of  soda,  it  yields  a  residue  of  cellulose 
which  amounts  to  32  per  cent,  of  the  original  weight.  The  calculated 
number  is  43  per  cent.,  but  the  difference  may  be  accounted  for  by 
the  fact  that  the  cellulose  as  it  is  formed  is  itself  hydrolysed. 

In  endeavouring  to  arrive  at  the  constitution  of  cellulose,  we  have 
hitherto  been  hampered  by  the  limited  number  of  true  derivatives 
obtainable.  Conclusions  drawn  from  the  composition  of  the  nitrates 
as  to  the  number  of  OH  groups  in  the  molecule  are  to  some  extent 
deceptive,  and  for  the  following  reasons : — 

1.  The  mode  of  their  formation  and  the  nature  of  the  —  O^NOj 
groups  preclude  us  from  assuming  that  the  substitution  of  hydroxyl 
is  at  a  maximum  in  the  case  of  the  highest  nitrate. 

2.  The  products  of  alkaline  hydrolysis  are  not  simple ;  the  presence 
of  aldehydic  compoands  and  oxalic  acid,  and  the  formation  of  nitrite 
are  evidences  of  a  fundamental  resolution  of  the  cellulose  molecule. 
The  acetates,  on  the  other  hand,  being  formed  in  a  less  drastic  manner, 
enable  us  to  arrive  at  the  probable  constitution  of  cellulose  with  a 
greater  degree  of  probability. 

The  triacetate  recognised  hitherto  as  the  highest  derivative  appeared 
to  confirm  the  inference  from  the  study  of  the  nitrate,  namely,  that  the 
unit  group,  CeHioOs,  contains  three  OH  groups.  The  latest  discussion 
on  this  subject  is  that  of  Franchimont,  in  a  paper  on  **  The  Oxy cellu- 
lose of  Witz  '*  {Bee,  Trav.  Ghim.,  2, 241).  Reviewing  all  the  evidence, 
including  his  own  observation  that  cellulose  is  quantitatively  converted 
into  glucose,  he  concludes  that  cellulose  is  the  condensed  representa- 
tive of  n  glucose-groups  united  by  "  bonds  of  dehydration,'*  expressed 
in  the  aggregate  by  the  equation,  nC«Hi,0«  —  (»— 1)H,0. 

On  the  other  hand,  the  conclusion  to  which  the  results  of  our 
investigation  leads  is  that  cellulose  contains  neither  aldehydic  nor 
ketonic  oxygen ;  in  support  of  this  we  may  cite  a  prominent  fact  of 
modem  cellulose  technology.  Cellulose  is  completely  isolated  from 
the  lignose  with  which  it  is  associated  in  wood  by  the  powerfully 
hydrolytic  action  of  sulphuroDs  acid,  with  or  without  the  addition  of 
an  earthy  base.  This  harmonises  entirely  with  what  we  know  of  the 
constitution  of  the  lignose  molecule,  viz.,  that  it  is  a  condensed 
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aldehyde  and  ketone.  It  is  a  reasonable  inference  from  this  that  the 
Cs-gronps  of  cellulose  are  not  united  by  aldehjdic  condensation,  for, 
whilst  such  a  condensation  might  resist  alkaline  hydrolysis,  as 
Franchimont  points  out,  it  would  need  to  differ  from  all  known 
types  of  condensation  of  ketones  or  aldehydes  to  withstand  acid 
hydrolysis. 

The  alternative  view  which  we  have  to  consider  is  a  C«-nucleus 
combined  with  5  OH-groups  and  6  or  6  H-atoms — as  our  analytical 
results  accord  equally  well  or  rather  better,  with  the  latter  number. 
Further  as  we  have  no  evidence  of  the  presence  of  C :  C  groups,  we 
should  be  necessarily  involved,  on  this  view,  in  the  assumption  of  a 
closed  chain  of  carbon-atoms,  if  not  in  cellulose  itself,  at  least  in  the 
pentacetjl  derivatives. 

We  do  not  desire  to  attach  too  much  importance  to  our  own  con- 
clusions :  but  they  will  be  useful  as  a  working  hypothesis  in  carrying 
on  the  investigation  which  the  present  results  indicate. 

The  old  views  as  to  the  constitution  of  cellulose  need  revising  in 
the  light  of  recent  research.  The  establishment  of  a  C^-formula  for 
such  carbohydrates  as  arabinose  and  xylose ;  a  closed  ring  formula 
for  inosite ;  and  the  numerous  transitions  from  closed  to  open 
carbon  rings  and  vice  versa^  which  the  researches  of  Hantzsch  and 
Zincke  have  brought  to  light,  should  lead  chemists  to  reconsider  the 
constitution  of  cellulose. 

The  results  detailed  in  the  present  paper  at  least  afford  a  new 
point  of  view  from  which  to  regard  the  problem. 

We  published  a  preliminary  note  in  the  "  Chemical  News,"  on  this 
research,  explaining  how  we  had  come  to  reopen  a  subject  left  un- 
finished some  years  ago  by  Professor  Franchimont.  We  have  received 
a  letter  from  him  expressing  his  satisfaction  that  other  chemists  had 
taken  in  hand  an  investigation  which  he  had  been  obliged  to 
abandon. 


II. — Compounds  of  Fhenanthraquinone  with  Metallic  Salts. 
By  Francis  B.  Japp,  F.R.S.,  and  Alfred  E.  Turner. 

In  the  course  of  an  investigation  of  the  condensations  of  phenanthra- 
qoinone  with  other  organic  compounds,  a  solution  of  zinc  chloride  in 
acetic  acid  was  employed  as  a  condensing  agent.  It  was  observed 
that  the  phenanthraquinone  was  precipitated  from  the  accetic  acid 
solution  in  the  form  of  dark  reddish-brown  needles,  which  proved  to 
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contain  zinc  chloride.  We  therefore  examined  the  behaviour  of 
Yarions  quinones  and  other  diketones  towards  metallio  salts  and 
found  that,  in  certain  cases,  by  employing  the  proper  solvent,  mole- 
cular compounds  could  be  obtained.  The  following  have  been 
analysed : — 

(1.)  An  equimolecular  compound  of  phenanthraquinone  with  zinc 
chloride:  C,4HB0,,ZnCl,. 

(2.)  A  compound  of  2  mols.  of  phenanthraquinone  with  1  mol.  of 
mercuric  chloride :  (Ci4H80»)2,HgCl2. 

(3.)  A  corresponding  compound  with  mercuric  cyanide : 

(CuH80,)„HgCy,. 

The  difference  in  the  combining  value  of  the  mercury  and  zinc 
salts  is  worthy  of  note. 

^o  compounds  could  be  obtained  with  benzoquinone,  A-naphtha- 
quinone,  anthraquinone,  diacetyl,  or  benzil ;  but  /^j-naphthaquinone 
gave  a  compound  (not  analysed)  with  mercuric  chloride,  closely  re- 
sembling in  appearance  the  corresponding  compound  from  phenan- 
thraquinone. 

No  compounds  with  oxy-salts  could  be  obtained. 

If  it  is  permissible  to  generalise  from  so  few  cases,  it  would  appear 
that  in  order  that  a  dicarbonyl-compound  may  combine  ^vith  metallic 
salts,  its  two  carbonyl-groups  (1)  must  be  directly  united  and  (2)  must 
form  part  of  a  closed  chain,  that  is,  must  be  in  the  quinone  condition. 
No  such  compounds  are  formed  with  para-quinones  or  with  open- 
chain  a-diketones. 

The  above  molecular  compounds  are  intensely  coloured,  show- 
ing that  the  quinone  retains  in  them  its  distinctive  character.  They 
are  in  this  respect  sharply  distinguished  from  the  colourless  com- 
pounds of  the  orthoquinones  with  hydrogen  sodium  sulphite,  the 
formation  of  which  involves  a  reduction  and  which  are  to  be  re- 
garded as  quinol  derivatives :  phenanthraquinone  hydrogen  sodium 
sulphite  being  CuH8(0H)(0S0aNa). 

PherKmthraquinone  Zinc  Chloridey  CuHeOt,ZnGlt. — To  prepare  this 
compound,  a  hot,  strong  solution  of  zinc  chloride  in  glacial  acetic 
acid  is  added  in  excess  to  a  hot  solution  of  phenanthraquinone  in  the 
same  solvent.  The  molecular  compound  separates  almost  instantly. 
As  it  is  decomposed  by  the  moisture  of  the  air  it  is  best  filtered, 
with  the  aid  of  the  filter-pump,  through  a  funnel  consisting  of  a  wide 
glass  tube  drawn  out  to  a  narrow  neck,  plugged  with  cotton  wool, 
and  connected  at  the  top  with  a  drying  tube.  The  compound  is 
washed  on  the  funnel  with  boiling  glacial  acetic  acid,  in  which  it  is 
only  very  sparingly  soluble,  quickly  transferred  to  a  weighing 
bottle,  and  dried  at  130"  until  the  weight  is  constant. 

B  2 


Digitized  by  VjOOQIC 


6  JAPP  AND  TURNER:  COMPOUNDS  OF 

Even  when  the  liquid  containing  the  crystals  is  allowed  to  cool 
before  filtering,  there  is  no  danger  of  the  excess  of  zinc  chloride 
crystallising  out.  On  the  other  hand,  the  washing  with  hot  glacial 
acetic  acid  is  absolutely  necessary  to  remove  adhering  zinc  chloride. 

The  analysis  was  conducted  by  decomposing  a  weighed  quantity  of 
the  substance  by  boiling  it  with  water,  allowing  the  liquid  with 
the  precipitate  to  stand  overnight,  collecting  the  phenanthraquinone 
on  a  weighed  filter,  washing  with  cold  water  to  which  two  or  three 
drops  of  hydrochloric  acid  had  been  added,  and  drying  at  100^  before 
weighing. 

Substance.  Fhenanthraquiiione. 

I   MOl  0-663 

II    1117  0-676 

Pound. 

Calculated  for  ^ * ^ 

CnHsOaiZnCla  I.  II. 

CuHgOj  in  100  parts  ....     60-46  60-21  60-51 

Different  preparations  were  analysed. 

The  compound  forms  dark  reddish-brown  needles  which  may  be 
heated  above  300*^  without  melting.  Both  water  and  alcohol  de- 
compose it.  When  exposed  to  the  air  at  ordinary  temperatures,  it 
atti'acts  moisture,  its  colour  changing  to  the  orange-yellow  of  phe- 
nanthraquinone. A  very  small  quantity  of  water  in  the  acetic  acid 
used  in  the  preparation  of  the  compound  prevents  its  formation 
altogether. 

Phenanthraquinone  Mercuric  Chloride  (CuHeOOsjHgCU.  —  Some 
difficulty  was  experienced  in  finding  a  solvent  from  which  this  com- 
pound would  crystallise  in  a  pure  state.  In  alcoholic  solution  it  is 
not  formed  at  all ;  glacial  acetic  deposits  mainly  phenanthraquinone, 
with  mere  traces  of  the  new  compound ;  chloroform  deposits  the  mole' 
cular  compound  as  a  brilliant  scarlet  powder,  contaminated,  how- 
ever, with  free  mercuric  chloride,  which  is  very  sparingly  soluble 
in  chloroform.    Acetone  was  found  to  give  the  best  results. 

When  hot  concentrated  solutions  of  mercuric  chloride  and  phe- 
nanthraquinone in  acetone  are  mixed,  the  liquid,  on  cooling,  deposits 
crystals  of  the  double  compound,  but  phenanthraquinone  is  apt  to 
separate  out  at  the  same  time.  This  is  avoided,  however,  by  the 
following  method :  To  a  boiling  strong  solution  of  mercuric  chloride 
in  acetone,  finely  divided  phenanthraquinone  is  added  and  the  boiling 
is  continued.  The  double  compound  separates  almost  immediately  as 
a  heavy  scarlet  powder.  The  hot  supernatant  liquid  is  poured  o£E 
from  the  powder,  and  the  latter  is  dissolved  in  boiling  acetone.  On 
cooling,  this  second  solution  deposits  the  double  compound  in  red. 
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obliquely  truncated  prisms,  wMch,  after  wasliiiig  with  acetone  and 
drying  at  100**,  are  pure  for  analysis.     They  melt  at  222 — ^223°. 

As  it  was  feared  that  boiling  with  water  would  not  extract  the 
whole  of  the  mercuric  chloride,  a  weighed  quantity  of  the  crystals 
was  dissolved  in  boiling  alcohol,  which  decomposes  them ;  the  phe- 
nanthraquinone  w^as  precipitated  by  the  addition  of  an  excess  of 
water;  the  alcohol  was  boiled  off,  afterwards  allowing  the  liquid 
with  the  precipitate  to  stand  overnight :  and  finally  the  phenanthra- 
quinone  was  collected  as  before  on  a  weighed  filter.  The  filtrate  in 
this  process  was  always  tinged  yellow,  owin^  to  the  presence  of 
traces  of  unprecipitated  phenanthraquinone,  which  accounts  for  the 
slight  deficit  in  the  analyses. 

Substanoe.  Phenanthraquinone. 

I 1-842  1101 

II 1131  0-682 

III   1-077  0-647 

Found. 

Calculate  for  i * ^ 

(CuHgOj^fcHgCW.  I.  n.  III. 

CuHfiOj  in  100  parts..      60-55  59*77    60*30    6008 

In  the  foregoing  analyses,  different  preparations  were  employed. 

Phenanthraquinone  Mercuric  Cyanide  (CuH602)2HgCy2. — Hot 
saturated  solutions  of  phenanthraquinone  and  mercuric  cyanide  in 
acetone  were  mixed  and  allowed  to  cool  slowly.  Well -shaped  red 
crystals  were  deposited,  which  showed  on  certain  faces  a  greenish 
reflex,  visible  only  when  the  crystals  were  under  the  mother-liquor. 
The  melting-point  was  222 — 223°,  the  same  as  that  observed  in  the 
mercuric  chloride  compound.  The  method  of  analysis  was  identical 
with  that  employed  in  the  case  of  the  mercuric  chloride  compound, 
and  the  percentage  of  phenanthraquinone  found  was,  for  the  reason 
already  assigned,  somewhat  low. 

Substance.  Phenanthraquinone. 

1 1-122  0-691 

II 1-688  1-044 

III 1-288  0-794 

Found. 

Calculated  for  / -^-  ^ 

(C„H,O-02.HgCy^        I.  II.  m. 

Phenanthraquinone  in 

100  parts 62-28  61-58        61-85        6165 

Different  preparations  were  analysed. 

Normal  School  of  Science, 

South  Kensington. 
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III. — Action  of  Aldehydes  and  Ammonia  on  a-Diketones. 

By  G.  H.  Wadsworth,  Associate  of  the  I^ormal  School  of  Science. 

The  condensations  of  a-diketones  with  aldehydes  and  ammonia  have 
hitherto  been  stndied  chiefly  in  the  case  of  phenanthraquinone  and 
benzil.  The  reaction  has  been  shown  to  vary  both  with  the  diketone 
and  with  the  aldehyde  employed.  The  most  frequently  occurring 
reaction  of  this  class  is  that  in  which  glyoxalines  are  formed  :  as,  for 
example,  by  the  action  of  fatty  aldehydes,  and  also  of  certain  alde- 
hydes of  the  benzene  series,  on  benzil.  Of  less  frequent  occurrence 
is  the  formation  of  oxazoles  (t.e.,  compounds  containing  the  complex 

n Q 

M     j^O — )  :    this  reaction  is  exemplified  in  the  condensations  of 

phenanthraquinone  with  several  of  the  benzenoid  aldehydes.  Other 
reactions,  such  as  those  which  yield  the  complex  compounds  obtained 
from  benzil  with  salicylaldehyde  and  cinnamaldehyde  respectively, 
occur  only  in  isolated  cases.* 

It  appeared  of  interest  to  ascertain  what  the  action  would  be  in  the 
case  of  some  typical  a-diketone  of  the  fatty  series,  such  as  diacetyl. 
With  the  kind  consent  of  Dr.  von  Pechmann,  by  whom  diacetyl  was 
first  described,  and  by  whose  method  the  material  employed  in  this 
investigation  was  prepared,  I  have,  therefore,  stndied  its  reactions 
with  aldehydes  and  ammonia. 

The  aldehydes  employed  were  benzaldehydo,  salicylaldehyde,  and 
cinnamaldehyde ;  but  in  each  case  nothing  but  a  glyoxaline  was 
formed,  and  none  of  the  abnormal  reactions  which  occur  in  the  case 
of  benzil  were  observed. 

I  have  also  studied  the  action  of  fatty  aldehydes  and  ammonia  on 
phenanthraquinone,  but  failed  to  obtain  condensation-compounds.  A 
benzene-fatty  aldehyde,  however — cinnamaldehyde — gave  an  oxazole 
with  phenanthraquinone  and  ammonia. 

Benzaldehyde,  Diacetyl^  and  Anvmonia. — 10  grams  of  diacetyl,  with 
the  molecular  proportion  of  benzaldehyde,  were  dissolved  in  a  small 
quantity  of  alcohol,  and  heated  with  an  excess  of  alcoholic  ammonia 
for  half  an  hour  on  the  water-bath.  The  new  compound  was  precipi- 
tated by  the  addition  of  water,  redissolved  in  dilute  hydrochloric  acid, 

•  Japp  and  Streatfeild,  Trans.,  1882,  155  ;  Japp  and  Hooker,  Trans.,  1884,  678 ; 
Japp  and  Wynne,  Trans.,  1886,  464.  A  fairly  complete  summary  of  the  results 
obtained  in  this  field  is  given  in  the  new  WatU*9  Dictionary  of  Chemiitry^  vol.  i, 
p.  465. 
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the  base  reprecipitated  from  the  filtered  solution  by  ammonia,  and 
purified  bj  repeated  recrjstallisation  from  hot  benzene. 

Analysis  of  the  substance,  dried  at  lOO"",  gave  figures  agreeing  with 
the  formula  CnHiaN, : — 

Substance.  00^  HjO. 

1 01525  0-4284  0-0977 

II 01456  0-4089  00938 

Substance.  v  t,  p. 

TTT              A.nQQo  /  Dry  N  +  NO     2232  c.c.         20°        411  mm. 
111....     00832|    J^ 22-32    „         20         378    „ 

TV             n.nQO'7  J  Dry  N  +  NO    2232  c.c.        24         416  mm 
IV....     00827|    ^^    ^ 22-32    „         24         373    „ 

Calculated  for  Found. 

CuHijN*. 


I.  II.  III.  IV. 


C„ 132        76-74        76-60    7658       —         — 

H„ 12  6-97  7-12      715       —         — 

N, 28        16-27  —         —       16-30    1616 

172        99-98 
The  compound  is  formed  according  to  the  equation — 

and  would  be  phenyldimethylglyoxaline, 

Phenyldimethylglyoxaline  crystallises  from  benzene  in  slender 
needles  containing  benzene  of  crystallisation,  which  is  given  off  on 
exposure  to  air.  It  is  readily  soluble  in  alcohol.  It  melts  at 
230 — 234®,  and  at  a  higher  tempei'ature  volatilises,  condensing  in 
needles,  which  showed  the  same  melting  point. 

0*6720  gram  of  the  substance,  crystallised  from  benzene  and  dried 
by  brief  exposure  to  air,  lost,  on  heating  at  100°,  0*1294  gram  benzene, 
equal  to  a  loss  of  19-26  per  cent.  The  formula  (CiiHi,Na)a,C6He 
requires  a  loss  of  18-48  per  cent. 

The  platinichloride  is  precipitated  on  the  addition  of  platinic  chlor- 
ide to  a  solution  of  the  base  in  hydrochloric  acid.  It  forms  yellow 
needles  and  is  anhydrous. 

01380  gram  of  the  salt,  previously  dried  at  100**,  gave  on  ignition 
0-0356  gram  of  platinum. 

Calculated  for 
(CnHiaN^HCl)2PtCl4.  Found. 

Pt  in  100  parts 2582  2579 
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SaUcylcddehyde,  Diacetyl,  and  Ammonia, — The  operation  waa  con- 
dacted  like  the  foregoing,  employing  10  grams  of  diaoetyl  and  the 
molecular  proportion  of  saliojlaldehjde  ;  and  the  resulting  compound 
was  purified  by  recrystallisation  from  dilute  alcohol.  Analysis  gave 
numbers  agreeing  with  the  formula  of  orthohydroxyphenyldimethylgly' 
oxaline. 


III 


Subsianoe. 

1 0-2100 

II 0-1475 

COj. 
0  5395 
0-3790 

H,0. 
0-1213 
0-0664 

•  •  • 

Substanoe. 

calculated  for 
0„H„NsO. 

132        70-21 

12          6-38 

28        14-89 

16          8-51 

22-32  C.C. 
2232    „ 

t. 

29° 
29 

Found. 

396  mm 
375    „ 

c„. 

H., 
0  . 

I. 

70-06 

6-41 

II. 

70-07 
6-50 

Ilf. 
1502 

188        99-99 

The  compound  crystallises  from  dilate  alcohol  in  oolourless,  satin j 
needles  melting  at  218'',  and  from  benzene  in  star-shaped  forms.  The 
alcoholic  solution  shows  a  bine  fluorescence. 

The  hydrochloride  is  very  sparingly  soluble  in  cold  water.  From 
its  solution  the  platinichloride  is  precipitated  in  yellow  needles  of  the 
formula  (C,iH„N,0,HCl),PtCl4,2H20  on  the  addition  of  platinio 
chloride,  but  owing  to  the  sparing  solubility  of  the  hydrochloride,  is 
apt  to  be  contaminated  with  the  latter  salt,  for  which  reason  the  per* 
centage  of  platinum  was  found  too  low. 

0*3358  gram  of  the  air-dried  platinum  salt  lost  on  heating  at  100** 
0-0150  gram,  and  the  remaining  03208  gram  gave  on  ignition  00772 
gram  platinum. 

Calculated  for 
(CiiHisN,0,HCl)jPtCl4,2H30.  Found. 

HjO  in  100  parts 438  446 

Calculated  for 
(C„Hi,NaO,HCl),PtCl4.  Found. 

Pt  in  100  parts 24  74  24u6 
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CinnafmaMehyde,  Diaceiyl,  and  Ammonia. — 10  grams  of  diacetj] 
with  tbe  molecular  proportion  of  oinnamaldeliyde  were  heated  with 
alcoholic  ammonia  in  a  sealed  tnbe  at  lOO*'  for  about  an  hoxir.  The 
contents  of  the  tube,  after  expelling  the  alcohol  by  evaporation,  were 
acidified  with  strong  hydrochloric  acid  and  diluted  with  3  to  4  times 
their  bulk  of  water ;  this  precipitated  most  of  the  resin,  which  is 
formed  in  large  quantity  in  this  reaction.  The  resin  was  filtered  off 
as  quickly  as  possible,  after  which  the  hydrochloride  of  the  new  base 
began  to  separate  from  the  filtrate  in  the  form  of  yellowish  needles, 
the  separation  being  facilitated  by  tbe  addition  of  a  large  excess  of 
fuming  hydrochloric  acid  to  the  solution.  This  salt  was  freed  from 
adhering  resin  by  washing  with  ether,  then  dissolving  in  a  small 
quantity  of  alcohol  and  reprecipitating  with  ether,  by  which  means  it 
was  obtained  colourless.  From  a  hot  aqueous  solution  of  the  hydro- 
chloride, ammonia  precipitated  the  base,  which  was  then  purified  by 
recrystallisation  from  benzene.  It  formed  colourless,  warty  crystals 
melting  at  201 — ^202°,  very  soluble  in  alcohol  and  in  ether,  sparingly 
soluble  in  petroleum,  very  slightly  soluble  in  boiling  water. 

A  nitrogen  determination  showed  that  in  this  case  also  a  glyoxaline 
dnnamenyldvmetky  Iglyoxaline — 


S:iz!?>c*H:oH.c.H. 


had  been  formed. 


Substance.  v.  t.  p. 

0-0878       /I>ryN  +  NO  ..      13-5  c.c.         19°        697  mm. 
I    „    N 13-6    „         19         582    „ 

Calculated  for 

CijHmN,.  Found. 

N  in  100  parts 1400  1414 

On  the  addition  of  platinic  chloride  to  a  solution  of  the  hydro- 
chloride, the  platinichloride  is  precipitated  in  the  form  of  microscopic 
yellow  needles,  which  are  anhydrous. 

0'1624  gram  of  the  salt,  which  did  not  lose  weight  at  120'',  gave  on 
ignition  0*0394  gram  platinum. 

Calculated  for 
(C,3H,4N3,HCl)sPtCl4.  Found. 

Pt  in  100  parts 24-22  24-15 

CinnamaZdehyde,  Phenanthraquinone,  and  Ammonia. — 10  grams  of 
phenanthraquinone  with  the  molecular  proportion  of  cinnamaldehyde 
were  heated  with  an  excess  of  alcoholic  ammonia  in  a  sealed  tube  at 
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100°.  On  cooling,  a  substance  was  deposited  in  a  solid  state ;  this 
was  separated  by  filtration  and  dissolved  in  hot  glacial  acetic  acid, 
from  which  it  crystallised  in  slender,  yellow  needles:  these,  after 
recrystallising  twice  from  the  same  solvent,  melted  constantly  at 
171 — 172°.  The  compound  is  also  readily  soluble  in  benzene  and  in 
carbon  bisulphide.     It  does  not  form  salts  with  acids. 

The  results  of  analysis  pointed  to  the  formula  G23Hi5NO,  which  is 
that  of  a  cinnamenyldiphenyleneoQuazole, 

g:§:2>o.ofl:oH<iH.. 


Substanoe. 

00^ 

HA 

I... 

0-1220 

0-8844 

00532 

Substance. 

«. 

t.            p. 

II....     0-1269{J  +  NO" 

902  C.C. 
9-02    „ 

20°        408  mm 
20         405    „ 

Caloulated  for 
CaH„NO. 

Found. 

I.               11. 

86-92          — 

C33    •  •  •  • 

276 

86-98 

H...... 

15 

4-67 

4-84          — 

N  .... 

14 

436 

—          4-48 

0 

16 

321 

4-98 

—            — 

99-99 

Normal  School 

of  Science, 
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IV. — Action  of  Dehydrating  Agents  on  at^Biacetylpentane,     Synthesis 
of  Methylethylhexamethylene, 

By  F.  Stanley  Kipping,  Ph.D.,  D.Sc,  and  W.  H.  Pekkin,  Jan.,  Ph.D. 

In  a  paper  which  we  had  the  honour  of  communicating  to  the  Society 
some  time  ago,  we  described  the  preparation  and  properties  of 
a«-diacetylpentane  and  of  aa;-dibenzoylpentane,  and  stated  also  that 
our  object  in  preparing  these  diketones  was  to  study  their  behaviour 
with  dehydrating  and  reducing  agents. 

It  was  thought  possible  that  diketones  of  the  constitution 
R-CO-CE[,-[CHa],-CHa*COR  might,  under  the  influence  of  de- 
hydrating  agents,  undergo  internal  condensation,  and  be  converted 
into  compounds  having  the  constitution 

R-C:C(CO-R)v^ 

a  reaction  which,  to  some  extent,  would  be  analogous  to  the  formation 
of  mesityl  oxide  from  acetone. 

The  study  of  the  action  of  reducing  agents  on  diacetyl-  and 
dibenzoyl-pentane  also  possessed  great  interest,  as  it  was  considered 
])robable  tliat  in  this  manner  dihydroxy-dcrivatives  of  the  con- 
stitution 

R-C(OH) C(OH)-R 

CH,-[CHJ„-CH, 

would  be  obtained.  Both  these  reactions  would,  naturally,  be  con- 
trolled by  the  value  of  n. 

Our  views  regarding  the  probable  course  of  these  reactions  have 
'  been  confirmed  experimentally,  and  in  the  present  paper  we  beg  to 
lay  before  the  Society  the  results  which  we  have  obtained  in  studying 
the  action  of  dehydrating  agents  on  diacetylpentane. 

When  diacetylpentane  is  treated  with  concentrated  sulphuric  acid, 
it  is  converted  into  a  colourless  liquid  of  the  composition  CsHuO. 

C»H,eO,  -  H,0  =  C»HuO. 

Considerable  difficulty  has  been  experienced  in  determining  the  con. 
stitntion  of  this  interesting  substance,  as,  in  accordance  with  the 
present  views  on  the  structure  of  organic  compounds,  a  substance 
derived  from  diacetylpentane  by  the  elimination  of  one  molecule  of 
water  might  be  represented  by  any  one  of  the  following  constitutional 
formulae : — 

VOL.  LVII.  c 
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I.  CH,-CiC-[CHa]4-C0-CH,  11.  CHiC-[CH,]5-C0-CH, 

III.  CH,:c:cH-[CH2]4-co-CHs    ^^  ^^'V\ — ^ — fi*^^ 

V.  CH8-C-CH(C0-CH,)>^           VI.  CHa:C-CH(CO-CH,)^ 
CH [CH,]3  CH, [CH2], 

VII.  CH,'C CH'CO  VIII.  CH,-C:C(C0-CH3)v, 

CH.-[CH,],-CHa  CH,—  [CHa], 

IX.  CH,-C C-[CH,]»'-C0-CH3       /n  =  1,  2,  or  3)\ 

L[CH,]«J  \n'  =  3,  2,  or  1)  j 

The  results  of  experiments  which  bear  directly  on  the  question  of 
the  constitution  of  this  compound  G9H14O,  briefly  stated,  are  the 
following : — 

It  undergoes  no  change  when  treated  with  80  per  cent,  snlphuric  acid, 
or  when  heated  with  a  concentrated  solution  of  mercuric  chloride. 

It  is  not  acted  on  by  phosphoric  anhydride  in  ethereal  solution. 

It  combines  readily  with  hydroxylamine,  yielding  an  oxime, 
C9H15NO,  and  with  phenylhydrazine,  forming  a  hydrazone,  CisH^oNs. 

When  treated  with  sodium  in  moist  ethereal  solution,  it  combines 
directly  with  4  atoms  of  hydrogen,  and  is  convei'ted  into  an  alcohol, 

CbHibO. 

The  iodide  from  this  alcohol  is  reduced  when  it  is  heated  with 
fuming  hydriodic  acid  and  amorphous  phosphorus,  yielding  a  hydro- 
carbon, C9H19. 

«a>-Diacetyl-««w-diethylpentane,  C0Me-CHEt-[CHj8-CHEt-C0Me, 
is  not  acted  on  by  cold  concentrated  sulphuric  acid. 

«ft)-Dibenzoylpentane,  C0Ph*[CH,]5*C0Ph,  when  warmed  with 
phosphoric  anhydride,  is  converted  into  a  compound  of  the  composi- 
tion Ci^HibO. 

From  these  facts,  the  constitution  of  the  compound  C9H14O  may  be 
argued  with  a  considerable  degree  of  certainty.  Its  negative 
behaviour  with  80  per  cent,  sulphuric  acid  and  with  mercuric 
chloride  is  strong  evidence  against  the  constitution  I  or  II,  becaane 
substances  of  this  nature  (derivatives  of  acetylene),  under  the  same 
conditions  as  those  employed,  almost  invariably  combine  with  I  mol. 
of  water,  and  are  converted  into  saturated  compounds. 

The  fact  that  the  compound  CsHuO  is  not  acted  on  by  phosphoric 
anhydride  goes  to  show  that  the  first  three  formulas  are  all  improbable, 
as  a  compound  possessing  the  constitution  I,  II,  or  III  would  pro- 
bably be  converted  into  an  unsaturated  hydrocarbon  C9H18. 

The  formation  of  the  oxime  and  the  hydrazone  shows  that  it  is  a 
ketone,  and  cannot  have  the  constitution  represented  by  formula  IV, 
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A  conclusive  proof  of  the  inadmissibility  of  the  formnlsB  I,  II,  III, 
and  IV  is  afforded  by  the  behaviour  of  the  compound  C9HUO  on 
reduction ;  when  treated  wil^h  sodium  in  moist  ethereal  solution,  and 
subsequently  with  fuming  hydriodic  acid,  it  is  converted  into  a  hydro- 
carbon C9H18,  whereas  a  substance  represented  by  any  one  of  these 
four  formnlee  would  yield  a  normal  paraffin  C9Ht(i. 

It  is,  therefore,  an  easy  task  to  prove  conclusively  that  the  con- 
stitution of  the  compound  C9HUO  is  not  represented  by  any  of  the  first 
four  formulae,  but  it  is  much  more  difficult  to  distinguish  between  the 
remaining  five. 

A  compound  having  the  constitution  shown  in  V,  VI,  VII,  VIII, 
or  IX  would  be  expected  to  behave  in  most  respects  like  the  sub- 
stance C9HUO,  that  is,  to  give  an  oxime  and  a  hydrazone,  to  yield  an 
alcohol  C9H1RO  on  reduction,  and  when  heated  with  hydriodic  acid  to 
be  converted  into  a  hydrocarbon  C9H18. 

The  behaviour  of  «io-diacetyl-diio-diethylpentane  with  sulphuric  acid 
affords,  however,  a  means  of  deciding  between  these  formulsa.  An 
examination  of  the  formnlee  V  to  IX  shows  clearly  that  the  presence 
of  a  methylene-group  in  direct  combination  with  the  carbonyl-group 
is  necessary  to  the  formation  of  the  compound  C9H14O,  only  if  it 
possesses  the  constitution  shown  in  VIII ;  if,  on  the  other  hand,  it 
had  the  constitution  V,  VI,  VII,  or  IX,  its  formation  could  take  place 
if  one  of  the  hydrogen -atoms  in  both  these  methylene-groups  were 
replaced  by  a  radicle  snch  as  ethyl,  or  in  other  words,  diacetyl- 
diethylpentane,  COMe-CHEt-[CHa]s-CHEt-0OMe.  should  give  a  con^ 
densation-product  when  treated  with  sulphuric  acid  just  as  readily  as 
diacetylpentane. 

Supposing,  for  example,  that  the  formula  VII  represents  the  con- 
stitution of  the  compound  C9HUO,  diacetyldiethylpentane  should 
yield  an  analogous  condensation- product  of  the  constitution 

CH,*C  :CH>CO 

CHEt-[CH2]8-CHEt' 

If,  however,  the  formula  VIII  represents  its  constitution,  it  is  obvious 
that  no  analogous  reaction  could  take  place  in  the  case  of  diacetyl- 
diethylpentane. 

The  results  of  two  separate  experiments  have  shown  that  d  iacetyl- 
diethylpentane  does  not  undergo  internal  condensation  when  subjected 
to  the  action  of  sulphuric  acid  under  exactly  the  same  conditions  as 
those  employed  in  the  preparation  of  the  compound  C9H14O,  and  that 
not  a  trace  of  a  compound  corresponding  with  this  anhydro-derivative 
is  formed. 

Tliis  behaviour  can  only  be  explained  by  assuming  that  the  con- 

c  2 
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BtitntioQ  of  tlie  corapoand  C9HUO  is  represented  by  formula  VIII,  and 

CH, 


H,  /S  COCH, 


that  it  is  A^-orthomethylacetyltetrahydi'obenzene,* 


(A^-orthomethyltetrahydrobenzene  methyl  ketone). 

Dibenzoylpentane,  C0Ph'[CH2]ft*C0Ph,  wben  warmed  with  phos- 
phoric anhydride,  is  readily  converted  into  a  compound  CwHieO ;  if, 
as  is  probable,  this  compound  should,  on  farther  investigation,  prove 
to  have  a  constitution  analogous  to  that  of  the  condensation-product 
of  diacetylpentane,  this  fact  would  be  additional  evidence  in  favonr 
of  our  views  regarding  the  mechanism  of  these  internal  condensations 
by  proving  the  inadmissibility  of  the  formulsB  II,  III,  VI,  and  VII. 
As  we  are  at  present  engaged  in  examining  this  compound,  and  in 
investigating  the  behaviour  of  dibenzoylpentane  with  reducing 
acrents,  we  hope  to  be  able  to  commanicate  the  results  to  the  Society 
at  an  early  date. 

Orthomethyltetrahydrohenzene  Methyl  Ketone, 

Orthomethyltetrahydrohenzene  methyl  ketone  (orthomethylacetyl- 
tetrahydrobenzene)  is  formed  by  the  action  of  dehydrating  agents  on 
aoi-diacetylpentane ;  it  is  best  prepared  by  dissolving  the  diketone  in 
concentrated  sulphnric  acid. 

Diacetylpentane  (not  more  than  80  grams)  is  added  in  small  portions 
at  a  time  to  six  or  eight  times  its  volume  of  concentrated  sulphuric 
acid;  as  considerable  evolution  of  heat  occurs,  the  solution  is  cooled 
under  the  tap  after  each  addition  of  the  diketone,  otherwise  the  yield 
is  decreased.  The  resulting  solution,  which  varies  in  colour  from 
brownish-red  to  dark  brown,  is  kept  in  a  loosely -stoppered  flask  at 
the  ordinary  temperature  from  one  to  two  days,  daring  which  time  it 
darkens  in  colour,  and  a  slight  evolution  of  sulphurous  anhydride 
occurs.  The  solution  is  then  poured  into  a  large  volume  of  cold 
water,  the  greenish-yellow  oil  which  is  precipitated  is  extracted  by 
shaking  two  or  three  times  with  ether,  and  the  ethereal  extract,  after 
having  been  dried  over  potassium  carbonate,  is  evaporated.  A  yellow, 
mobile  oil,  smelling  strongly  of  peppermint,  is  obtained  ;  the  yield  of 
the  crude  product  is,  on  the  average,  85 — 90  per  cent,  of  the  diketone 
employed.  When  this  oil  is  distilled  under  the  ordinary  pressure,  a 
small  quantity  passes  over  between  120'^  and  190°,  but  the  principal 

*  Compare  Baeyer.  "  IJeber  die  Constitution  des  Benzole"  (Annalettj  846.  111). 
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portion  distils  between  190^  and  210**;  if  tlie  distillation  is  discon- 
tinued as  soon  as  the  thermometer  rises  above  210 — 215°,  a  small 
quantity  of  a  thick,  brown  oil,  which  will  be  referred  to  below, 
remains  in  the  flask. 

The  fraction  190 — 210°  still  contains  traces  of  unchanged  diketone ; 
pure  orthomeihjltetrahydrobenzene  methyl  ketone,  boiling  constantly 
at  205 — 206"*,  can  only  be  obtained  by  again  treating  this  product 
with  sulphuric  acid  and  fractionating  two  or  three  times  under  the 
ordinary  pressure.     The  analysis  gave  the  following  results  : — 

0'1855  gram  of  substance  gave  0*5294  gram  CO2  and  0*1720  gram 

H,0. 

Calculated  for 

CjHhO.  Found. 

C 78-26  per  cent.  77'84  per  cent. 

H 1014        „  10-30        „  _« 

0 11-60        „  11-86        „  Jy 

Orthomethyltetrahjdrobenzene    methyl    ketone    is    a    colourless,      ^J 
mobile  oil  with  a  strong  odour  of  peppermint,  and  a  sharp,  somewhat      ^  * 
bitter  taste.     It  boils  at  205 — 206"  (about  755  mm.)  without  decom-      J^  ^^ 
position,  and  is  readily  volatile  with  steam.     It  is  insoluble  in  and    ^  ] 
specifically  lighter  than  water,  but  it  is  miscible  with  the  ordinary      ^  '^ 
organic  solvents  in  all  proportions.    It  does  not  combine  with  sodium      ^ 
bydrogQu  sulphite  even  when  kept  for  a  long  time  with  a  saturated 
aqueous  solution  of  the  salt,  but  it  combines  readily  with  hydroxyl-  1 

amine.     When  treated    with   excess   of    sodium   in   moist    ethereal     , 
solution,    it    is    converted  into  orthomethylhezamethjlene   methyl     '    > 
carbinol. 

In  order  to  determine  the  constitution  of  this  compound,  CgHuO, 
it  was  necessary,  in  the  first  place,  to  ascertain  whether  It  contained 
a  '* treble  linking;"  the  following  experiments  were  made  with  thi^ 
object : — 

A  small  quantity  of  the  pure  compound  was  dissolved  in  80  per 
cent,  sulphuric  acid,  and  the  solution  kept  for  a  few  days  at  the 
ordinary  temperature ;  it  was  then  diluted  with  water,  warmed  for 
about  half  an  hour  on  the  water-bath,  and  after  adding  a  large  volume 
of  water,  extracted  with  ether.  The  boiling  point  and  other  properties 
of  the  oil  which  was  obtained  showed  that  it  consisted  entirely  of 
the  original  substance,  no  reaction  having  taken  place. 

About  4  grams  of  the  pui*e  compound  was  mixed  with  a  warm, 
concentrated,  aqueous  solution  of  mercuric  chloride,  and  the  mixture 
heated  at  95 — 98^  for  three  hours  with  constant  shaking.  A  small 
quantity  of  the  mercuric  salt  seemed  to  bo  reduced,  but  otherwise  no 
reaction  was  observed.     The  mixture  was  then  warmed  with  a  little 
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concentrated  hydrochloric  acid,  the  oil  extracted  with  ether,  and 
distilled.  The  whole  passed  over  within  a  range  of  a  few  deg^es,  and 
consisted  of  the  original  substance. 

These  ezperimentB  having  shown  that  the  compound  CgHuO  does 
not  combine  vrith  1  mol.  of  water  when  submitted  to  the  treatment 
usaallj  employed  in  the  case  of  substances  containing  trebly-bound 
carbon-atoms,  it  seemed  interesting  to  ascertain,  whether,  under  the 
influence  of  dehydrating  agents  more  powerful  than  concentrated 
sulphuric  acid,  it  would  be  converted  into  a  hydrocarbon  CgHis.  The 
formation  of  such  a  compound  would  have  shown  that  the  original 
oil  wae  most  probably  an  open-chain  derivative  of  the  constitution 
given  in  one  of  the  first  three  formul89  (see  p.  14). 

About  10  grams  of  the  pure  ketone  was  dissolved  in  about  100  c.c. 
of  pure,  dry  ether,  and  a  consideitible  quantity  of  phosphoric 
anhydride  added  to  the  solution ;  no  reaction  was  observed  even  after 
keeping  for  about  24  hours  at  the  ordinary  temperature.  The  ethereal 
solution  was  filtered  and  evaporated,  and  the  residual  oil  distilled 
under  the  ordinary  pressure.  It  commenced  to  boil  at  about  193°, 
and  almost  the  whole  passed  over  between  208  and  206",  traces  of  a 
thick,  yellowish  oil,  probably  a  condensation-product,  remaining  in 
the  flask.  The  fraction  203^206"  consisted  of  unchanged  ketone,  as 
was  shown  by  its  boiling  point  and  other  properties. 

Action    of    Hydroxtlamink  and   of   Phentlhydrazine    on   Obtho- 

METHYLTETBAHYDROBENZENE   MeTHYL   KeTONE. 

The  compound  produced  by  the  action  of  sulphuric  acid  on  om- 
diacetylpentane  combines  readily  with  hydroxy lamine,  yielding  a 
colourless  monoxime ;  it  also  forms  a  hydrazoce-derivative  when  it  is 
heated  with  phenyl  hydrazine. 

Orthymethylietrahydrohenzene  Methyl  Ketone-oxim-e, 
CH,<^g»;^^^®>0-CMe:NOH. 

Orthomethyltetrahydrobenzene  methyl  ketone-oxime  is  best  pre- 
pared by  treating  the  ketone  with  hydroxy  lamine  by  Auwers* 
method.  About  15  grams  of  potash  are  dissolved  in  dilute  alcohol, 
5  grams  of  hydroxylamine  hydrochloride  added  to  the  solution,  and 
10  grams  of  the  ketone  poured  into  the  mixture.  After  being  kept 
for  about  24  hours,  the  whole  is  warmed  gently  on  the  water-bath 
until  most  of  the  alcohol  has  evaporated ;  it  is  then  cooled,  diluted 
with  water,  and  slightly  acidified  with  dilute  hydrochloric  acid.  The 
yellowish  oil  which  is  precipitated  is  extracted  with  ether,  the 
ethereal  extract  dried  over  calcium  chloride,  and  evaporated. 
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The  oxime  remains  as  a  yellowish  oil  which,  after  being  kept 
over  salphnric  acid  ander  reduced  pressure,  is  obtaiaed  in  an  almost 
pure  condition,  as  is  shown  by  the  following  analyses  made  with 
different  samples  of  the  crade  prodact : — 

I.  0*1640  gram  gave  13*6  c.c.  of  nitrogen  measured  at  742  mm. 
and  20°. 
II.  0*1560  gram  gave  12*3  c.c.  of  nitrogen  measured  at  740  mm. 
and  20^. 

Found. 

Calculated  for  t * ^ 

C,fli,NO.  I.  II. 

N 9*15  per  cent.  9*23        8-86  per  cent. 

It  is  a  thick,  yellowish  liquid,  with  a  rather  pleasant  odour,  and 
shows  no  signs  of  crystallising  even  when  kept  for  a  long  time  over 
sulphuric  acid.  It  is  insoluble  or  very  sparingly  soluble  in  cold,  and 
only  very  slightly  soluble  in  warm  water,  but  it  dissolves  freely  in 
potash  and  concentrated  mineral  acids,  and  it  is  miscible  with  alcohol, 
ether,  &c.,  in  all  proportions.  It  dissolves  in  concentrated  sulphuric 
acid  with  development  of  heat,  yielding  a  clear  yellow  solution  ;  on 
adding  alkali  to  the  diluted  solution,  no  oil  is  precipitated,  but  on 
boiling  the  alkaline  solution  ammonia  is  evolved.  It  cannot  be  dis- 
tilled under  the  ordinary  pressure,  as  when  heated,  even  in  small 
quantities,  it  is  completely  decomposed. 

Beckmann  {Berickte,  20,  2580)  has  shown  that  some  oximes,  under 
the  influence  of  acetic  chloride,  glacial  acetic  acid,  <fec.,  undergo  an 
intramolecular  change,  the  group  of  atoms  C'.N-OH  being  converted 
into  CO'NH ;  the  compounds  thus  produced  are  readily  decomposed 
on  hydrolysis  into  an  amine  and  an  acid. 

Considerable  quantities  of  the  oxime  of  orthomethyltetrahydro- 
benzene  methyl  ketone  were  prepared  in  order  to  study  its  behaviour 
with  Beckmann's  reagents,  as  it  was  thought  that  in  this  way  the 
constitution  of  the  ketone  might  be  ascertained. 

For  this  purpose,  7  grams  of  the  oxime  was  dissolved  in  70  grams 
of  glacial  acetic  acid  and  14  grams  of  acetic  anhydride,  and  the 
mixture,  after  having  been  saturated  in  the  cold  with  hydrogen 
chloride,  was  heated  at  100**  for  four  or  five  hoars  in  sealed  tubes. 
At  the  end  of  this  time,  the  solution  had  turned  dark  reddish-brown, 
but  no  separation  of  crystals  occarred.  On  neutralising  with  sodium 
carbonate,  a  strong  basic  odour  was  perceptible,  and  a  brownish - 
black  oil  separated  at  the  surface  of  the  solution.  The  oil  was  ex- 
tracted with  ether,  and  the  ethereal  extract  dried  and  evaporated,  when 
5  grams  of  a  dark-coloured  oil  remained;  this  was  insoluble  in  water 
and  in  cold  hydrochloric  acid,  but  when  heated  with  hydrochloric 
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acid  it  was  almost  complefcelj  decomposed,  yielding  large  qaantities 
of  resinoas  prodacts  and  a  small  quantity  of  a  yellow  neatral  oil 
which  was  not  investigated  very  closely. 

The  Bodinm  carbonate  solution  from  which  the  oil  had  been 
extracted  was  rendered  strongly  alkaline  with  potash,  and  boiled  for 
two  hours,  the  distillate  being  collected  in  dilute  hydrochloric  acid. 
On  adding  platinic  chloride  to  the  dilute  acid  solution,  a  precipitate 
was  produced,  but  this  precipitate  consisted  of  pure  ammonium 
platinochloride,  as  was  shown  by  its  characteristic  crystalline  form, 
and  also  by  the  following  analysis : — 

0*3865  gram  of  the  platinochloride  gave  0  1694  gram  of  platinum. 

Calculated  for 
(NH,),HjPtCle.  Found. 

Pt 439  per  cent.  43'83  per  cent. 

The  experiment  was  repeated  under  similar  conditions,  but  with  the 
same  results ;  a  small  quantity  of  a  neutral  oil  was  obtained,  and  the 
only  basic  product  which  could  be  isolated  was  ammonia. 

When  the  oxime  is  treated  with  acetic  chloride  at  the  ordinary 
temperature,  an  extremely  violent  reaction  occurs,  and  a  dark-red 
solution  is  obtained.  If  the  excess  of  acetic  chloride  is  evaporated, 
and  the  residue  is  heated  for  a  long  time  on  the  water- bath,  it  darkens 
in  colour,  and  finally  becomes  black  and  very  thick.  A  small 
quantity  of  a  colourless  crystalline  compound  can  be  isolated  from 
this  residue;  this  substance  is  insoluble  in  water,  and  only  very 
sparingly  soluble  in  ether ;  it  does  not  give  any  basic  odour  when 
boiled  with  potash.  It  was  not  investigated,  owing  to  the  very  small 
quantity  at  our  disposal. 

Orthomethyltetrahydrohenzene  Methyl  Ketone-hydraxone^ 

The  by drazone- derivative  of  the  ketone  is  best  prepared  by  heating 
pure  orthomethyltetrahydrohenzene  methyl  ketone  with  a  slight 
excess  of  phenylhydrazine  for  two  to  three  hours  on  the  water-bath. 
The  product  is  purified  by  dissolving  it  in  ether,  and  washing  the 
echereal  solution  with  dilute  hydrochloric  acid  until  it  is  free  from 
phenylhydrazine.  The  solution  is  then  dried  over  calcium  chloride, 
the  ether  evaporated,  and  the  residue  kept  for  24  hours  over 
sulphuric  acid  under  reduced  pressure. 

The  analysis  gave  the  following  results : — 

0*2218  gram  of  substance  gave  24*95  c.c.  of  nitrogen  measured  at 
18^  and  740  mm. 
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Caloulsted  for 
CuHmN).  Found. 

N 12-3  per  cent.  12*3  per  cent. 

It  is  a  thick,  yellowish-brown  oil,  which  shows  no  signs  of  crystal- 
lising ;  when  left  exposed  to  the  air  it  gradually  darkens  in  coloar, 
and  decomposes  with  evolution  of  gas.  It  is  insoluble  or  only  very 
sparingly  soluble  in  water,  but  readily  soluble  in  alcohol  and  ether. 

BeDUCTION    of   ORTHOMETHTLTETliAHTDROBENZENE    MeTHYL   KkTONE. 

Methyltetrahydrobenzene  methyl  ketone  yields  three  compouDds 
when  it  is  reduced  with  sodium  in  moist  ethereal  solution.  When  a 
large  excess  of  sodium  is  employed,  it  is  converted  principally  into 
orthomethylhexamethylene  methyl  carbinol,  small  quantities  of  a 
condensation-prodact  being  also  formed.  If  only  a  slight  excess  of 
sodium  is  used,  orthomethyltetrahydrobenzene  methyl  carbinol  seems 
to  be  the  principal  product  of  the  reaction. 

Meihylhexamethylene  Methyl  Carbinol^ 

Orthomethylhexamethylene  methyl  carbinol  is  prepared  by  treating 
pare  methyltetrahydrobenzene  methyl  ketone  with  sodium  in  moist 
ethereal  solution.  The  ketone  is  dissolved  in  about  twenty  times  its 
volume  of  pure  ether,  the  solution  placed  in  a  large  bottle  containing 
about  60  c.c.  of  water  and  provided  with  a  reflux  condenser,  and 
small  quantities  of  sodium  are  introduced  from  time  to  time.  As 
soon  as  aboat  20  times  the  quantity  of  sodium  theoretically  necessary 
for  complete  reduction  has  been  added,  the  ethereal  solution  is 
separated,  and  the  residue  extracted  twice  with  ether.  The  ethereal 
solutions  are  mixed  together,  dried  over  potassium  carbonate,  filtered, 
and  evaporated.  A  moderately  thick,  slightly  yellow  oil  remains,  the 
quantity  of  which  is  approximately  eqaal  to  that  of  the  ketone 
employed.  On  distilling  it  under  40  mm.  pressure,  the  ther- 
mometer rises  rapidly  to  120^,  and  between  this  temperature  and  280° 
the  whole  passes  over.  The  fraction  120 — 280*  is  now  repeatedly 
refractionated  under  reduced  pressure  (40  mm.),  and  is  thus 
separated  into  a  portion  boiling  at  127 — 137°,  which  consists  of 
slightly  impure  methylhexamethylene  methyl  carbinol,  and  a  portion 
boiling  at  about  250—260°.  The  higher  boiling  compound  is  only 
formed  in  comparatively  small  quantities,  and  will  be  again  re- 
ferred to. 

The  principal  fraction,  boiling  at  127 — 137°  (40  mm.),  is  again 
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sabmitted    to    fractional   distillation   under  rednced  pressure,  and 
finally  under  the  ordinary  pressure,  the  methylhexamethylene  methyl 
carbinol  being  thus  obtained  in  a  pure  state. 
The  analyses  gave  the  following  results : — 

I.  01160  gram  of  substance  gave  03221  gram  of  CO,  and  0-1315 
gram  of  HgO. 
II.  01494  gram  of  substance  gave  0*4150  gram  of  COj  and  0*1685 
gram  of  H,0. 

Found. 

Calculated  for  f *^— \ 

CjHiaO.  I.  II. 

C 7606  per  cent.     75*71    75*72  per  cent. 

H 12*66    „       12-59    12*53 

O 11*27    „       11*70    11*75 

Methylhexamethylene  methyl  carbinol  is  a  thick,  colourless  oil 
with  a  smell  very  like  that  of  menthol ;  it  boils  at  195 — 200° 
under  the  ordinary  atmospheric  pressure,  and  at  130 — 133"  at 
40  mm.  without  decomposition.  It  is  only  sparingly  soluble  in  water, 
but  miscible  with  alcohol,  ether,  &c.,  in  all  proportions.  It  dissolves 
in  concentrated  hydriodic  acid  with  development  of  heat,  and  in  a 
very  short  time  the  iodide  separates  from  the  solution. 

Methylhexamethylene  Methyl  Garhinyl  Acetate^ 
CH,-C00CHMe-CH<^]J^'g2>CH,. 

Methylhexamethylene  methyl  carbinyl  acetate  is  formed  by  treat- 
ing methylhexamethylene  methyl  carbinol  with  acetic  anhydride. 
The  pure  alcohol  is  boiled  for  2  to  3  hours  with  excess  of  acetic  anhy- 
dride in  a  flask  provided  with  a  reflux  condenser ;  the  excess  of 
anhydride  is  then  distilled  off,  and  the  residue  is  fractionated  under 
the  ordinary  pressure.  The  thermometer  rises  rapidly  to  about  195^ 
almost  the  whole  distilling  between  200  and  210''.  By  fractionating 
the  distillate  two  or  three  times,  the  acetate  is  obtained  in  a  pore 
condition,  as  is  shown  by  the  following  analysis  : — 

01541  gram  of  substance  gave  0*4058  gram  of  CO3  and  01567 
gram  of  water. 

Calculated  for 

CuHmOj.  Found. 

C 71*74  per  cent.  71*75  per  cent. 

H 10*87        „  11*29 

0 17-38        „  16*96 

It  is  a  colourless,  mobile  oil  with  a  sweet  rather  pleasant  odour, 
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and  boils  at  204 — 208**  under  the  oidinarj  preeanre  without  decom- 
position. It  is  seemingly  insoluble  or  only  very  sparingly  soluble  in 
water,  but  it  is  miscible  witb  ether,  alcohol,  &c.,  in  all  proportions. 
When  boiled  with  alcoholic  potash,  it  is  readily  hydrolysed,  being 
reconverted  into  the  alcohol. 

a^Iodoeihylmethylh€xamethylene,GR^<^^^'^^^>CK'C^ 

Methylhezametbylene  methyl  carbinol  dissolves  in  concenli-ated 
bydriodic  acid,  a  considerable  rise  of  temperature  taking  place,  and 
after  a  very  short  time  the  iodide  separates  from  the  solution  in  the 
form  of  an  oil.  This  compound  is  best  prepared  by  heating  the 
alcohol  witb  excess  of  concentrated  hydriodic  acid  (sp.  gr.  1*96)  at 
i  80**  in  a  sealed  tube  for  about  4  hours.  After  diluting  with  water, 
the  precipitated  iodide  is  extracted  with  ether,  the  solution  washed, 
first  with  water  and  tben  with  very  dilute  sodium  carbonate  solution, 
until  free  from  acid,  then  dried  over  calcium  chloride,  and  evapo- 
rated. The  lesidual  oil  can  be  easily  obtained  in  a  pare  condition 
by  submitting  it  to  fractional  distillation  under  reduced  pressure. 

An  iodine  determination  by  Carius'  method  gave  the  following 
result : — 

0'2420  gram  of  substance  gave  0*2270  gram  of  silver  iodide. 

Calculated  for 

CyHi;!.  Found. 

I 50-29  per  cent.  50*68  per  cent. 

lodoethylmethylhexamethylene  is  a  colourless  mobile  oil  with  an 
odour  very  like  that  of  the  iodides  of  the  higher  normal  alcohols.  Jt 
boils  at  178-180^  (110  mm.),  seemingly  without  decomposition,  and 
is  insoluble  in  water,  but  readily  soluble  in  the  ordinary  neutral 
organic  solvents.     It  rapidly  darkens  ou  exposure  to  light. 


The  fraction  boiling  at  240 — 260*"  (40  mm.),  obtained  in  small 
quantities  in  the  preparation  of  methylhexamethyleue  methjl  carbi- 
nol,  was  distilled  again  under  reduced  pressure  (50  mm.),  and  the 
portion  passing  over  between  255 — 265°  was  collected  separately. 
The  analysis  of  this  product  gave  results  agreeing  with  the  composi- 
tion C,8H«0,. 

0*2366  gram  of  substance  gave   0  6655  gram  of  COa  and  0*2454 
gram  of  HgO. 

Calculated  for 

CigHjjO,.  Found. 

C 7714  per  cent.  76*70  per  cent. 

H 11*43    „  11-52    „ 
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It  18  a  verj  thick,  yellowish  oil  with  a  peculiar  aromatic  odoar,  in- 
soluble in  water  bat  miscible  with  alcohol,  ether,  &c.,  in  all  proper 
tions. 

No  experiments  hare  yet  been  made  to  ascertain  the  constitution 
of  this  compound,  but  it  is  most  probably  formed  by  the  condensa- 
tion of  1  mol.  of  ortbomethyltetrahydrobenzene  methyl  ketone  with 
1  mol.  of  methylhexamethylene  methyl  ketone  in  a  manner  somewhat 
analogous  to  that  in  which  pinacone  is  formed  by  the  reduction  of 
acetone,  so  that  its  constitution  may  be  expressed  by  the  formula — 

Methyltetrdhydrohenzene  Methyl  Oarhinoly 

Orthomethyltetrahydrobenzene  methyl  carbinol  is  formed,  as  has 
been  already  stated,  together  with  methylhexamethylene  methyl 
carbinol  when  the  ketone  is  redaced  with  a  slight  excess  of  the  theo- 
retical quantity  of  sodiam  in  moist  ethereal  solution.  It  is  obtained 
as  follows : — Methyl tetrahydrobenzene  methyl  ketone  is  dissolved  in 
pure  ether  and  treated  with  sodium  under  the  conditions  describe! 
in  the  preparation  of  the  hexamethylene  compound.  After  adding  a 
little  more  sodium  than  is  theoretically  necessary,  the  ethereal  solu- 
tion is  separated,  dried  over  potassium  carbonate,  and  evaporated. 
When  the  residual  oil  is  carefully  and  repeatedly  fractionated  under 
reduced  pressure  (50  mm.),  it  is  separated  into  two  portions,  the 
principal  fraction,  boiling  at  141 — 143*,  consisting  of  methyltetra- 
bydrobenzene  methyl  carbinol,  mixed  possibly  with  small  quantities 
of  the  hexamethylene-derivative  and  unchanged  ketone. 

It  is  a  colourless,  mobile  oil,  boils  at  141 — 143°  (50  mm.),  and 
resembles  methylhexamethylene  methyl  carbinol  in  its  behaviour 
with  solvents. 

The  following  results  were  obtained  on  analysis  : — 

01599  gram  of  substance  gave  0*4509  gram  of  CO,  and  01703 
gram  of  UjO. 

Calculated  for 

CjHjeO.  Found. 

C 77*14  per  cent.      76*90  per  cent. 

H 11+3        „  11-83 

0 11-43        „  11*27 
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Reduction  of  Methtlhkxamethylene  Methyl  Cabbinol, 
Orthomethyltthylhexamethylene,  CKj^qtt* no;  >CHEt. 

Ortbomethjiethylhexamethylene  is  the  final  product  of  tlie  reduc- 
tion «)f  methyltetrahjdrobenzene  methyl  ketone,  and  is  obtained  when 
methylhexamethylene  methyl  carbinol  is  reduced  with  hydriodic 
acid. 

Its  preparation  is  carried  out  as  follows : — About  12  grams  of  the 
pure  alcohol  is  heated  with  excess  of  fuming  hydriodic  acid  for  2-3 
hours  in  a  flask  provided  with  a  reflux  condenser,  and,  after  dilut- 
ing with  water,  the  precipitated  iodide  is  extracted  with  ether.  The 
crude  iodide,  in  quantities  of  about  3  grams,  is  heated  in  a  sealed 
tube  at  230 — 240*  for  8  hours  with  a  large  excess  of  hydriodic  acid 
of  sp.  gr.  1*96  and  a  little  amorphous  phosphorus.  There  is  great 
pressure  in  the  tube  when  cold,  and  the  hydrocarbon  forms  a 
layer  on  the  surface  of  the  acid ;  this  is  separated  from  the  acid, 
dried  over  potassium  carbonate,  and  distilled.  The  thermometer 
rises  rapidly  to  120'',  and  the  whole  distils  between  120  and  1G0°.  The 
crude  product  is  then  repeatedly  fractionated  over  sodium  and 
finally  over  potassium.  The  hydrocarbon  is  thus  obtained  in  a  pure 
state  and  on  analysis  gave  the  following  results : — 

I.  01211  gram  of  substance  gave  03795  gram  of  CO,  and  01590 

gram  of  HjO. 
II.  01100  gram  of  substance  gave  0-3i50  gram  of  CO,  and  01434 
gram  of  H3O. 

Found. 

Calculated  for  / * % 

C,H,8.  1.  II. 

C 85*7  per  cent.  85'47         85"54  per  cent. 

H H-3        „  14-58        14-47 

A  vapour-density  determination  made  by  Hofmann's  method  in 
the  vapour  of  aniline  gave  the  following  results : — 

0*0502  gram  of  substance  yielded  57*0  c.c.  of  vapour.  Tempeni- 
ture  of  vapour  184°.  Bar.  765  mm.  Difference  of  level 
582  mm.     Temperature  of  air  15''. 

Calculated  for  CgHig.  Found. 

Molecular  weight 126  125 

Orthomethylethylhexamethylene  is  a  colourless,  very  mobile  oil, 
the  odour  of  which  cannot  be  distinguished  from  that  of  the  liquid 
parafljns.     It  boils  at  150 — 152°  and  is  insoluble  in  water  and  concen- 
trated hydriodic  acid,  butmiscible  with  ether,  alcohol,  <&c.,  in  all  pro- 
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portioDs.  When  treated  witb  cold  concentrated  nitric  acid,  oxidation 
qaicklj  commences  and  the  mixtare  becomes  very  hot.  A  small 
quantity  of  the  hydrocarbon  was  treated  with  nitric  acid  in  the  cold ; 
as  soon  as  the  first  energetic  reaction  was  at  an  end,  the  mixtare  was 
heated  on  the  water-bath  in  a  flask  provided  with  a  reflnx  condenser. 
The  hydrocarbon  gradaally  disappeared,  dense,  brown  fnmes  being 
evolved,  and  finally  a  homogeneous  liquid  was  obtained.  The  solution 
remained  clear  on  adding  water,  and  on  evaporation  it  yielded  only  a 
very  small  quantity  of  a  thick,  syrupy  residue  which  was  not  investi- 
gated owing  to  the  small  amount  of  material  at  our  disposal. 


Condensation-products  of  aw-DiACETYLPENTANB. 

A  small  quantity  of  two  condensation-products  are  obtained  in  the 
preparation  of  diacetylpentane  by  the  hydrolysis  of  ethyl  diacetyl- 
caproate  (Trans.,  1889,  55,  333)  ;  these  products  remain  in  the  form 
of  a  thick  brown  oil  when  the  crude  diacetylpentane  is  distilled  under 
reduced  pressure.  The  residues  obtained  in  this  way  from  several 
operations  were  mixed  together  and  submitted  to  fractional  distilla- 
tion under  a  pressure  of  35  mm.  The  thermometer  rose  rapidly  to 
aboat  230"*,  and  between  about  250  and  280°  a  considerable  proportion 
of  the  oil  distilled ;  the  temperature  then  rose  quickly  to  310°,  the 
remainder  passing  over  between  310°  and  340°. 

The  portion  collected  between  250  and  280**  was  fractionated  two 
or  three  times  under  the  same  pressure,  and  in  this  way  a  yellow  oil 
boiling  at  265 — 275*  was  obtained. 

The  analysis  of  this  compound  gave  the  following  results  : — 

I,  0'1418  gram  substance  gave  0*4030  gram  of  CO,  and  0*1329 
gram  of  H3O. 
II.  01118  gram  of  substance  gave  03190  gram  of  CO,  and  01047 
gram  of  H^O. 

Found. 

Calculated  for  f * . 

CwHftOa.  I.  II. 

C 78-26  per  cent.  77-82        7770  per  cent. 

H 1014        „  10-40        10-30 

O 11-60        „  11-78         1200 

A  molecular  weight  determination  was  carried  out  by  Baoult's 
method  in  glacial  acetic  acid  solution  and  resulted  as  follows : — 

Freezing  point  of  the  acetic  acid  15-740°. 

1-4882  gram  of  substance  dissolved  in  67*25  grams  of  acetic  acid 
lowers  the  freezing  point  0-30**. 
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Calculated  for 

CiaHagO,.  Found. 

Molecular  weight 276  2^7 

These  results  show  that  this  condensatioTi  product  is  formed  by  the 
oombinaHon  of  2  mols.  of  diacetjlpentane  with  elimination  of  2  mols. 
of  water;  as  the  diketone  is  readily  converted  into  methyltetrahydro- 
benzene  methyl  ketone  with  elimination  of  1  mol.  of  water,  the  con- 
stitntion  of  the  compoond  CigHiBOa  is  most  probably  expressed  by  the 
formula — 

It  is  a  yellowish,  very  thick  oil,  boiling  at  265 — 275®  (35  mm.) 
seemingly  without  decomposition,  and  it  shows  no  signs  of  crystal- 
lising even  when  kept  for  a  long  time  in  a  desiccator  under  reduced 
pressure.  It  is  miscible  with  alcohol,  ether  and  other  neutral  solvents 
in  all  proportions,  but  it  is  insoluble  in  water. 

The  other  fraction,  boiling  at  310—340**  (35  ram.),  which  is  oh- 
tained  from  the  residues  in  the  preparation  of  diacetylpentane  was 
likewise  submitted  to  fractional  distillation,  and  in  this  way  a  yellow 
oil  boiling  at  320 — 330*"  can  be  isolated  without  much  difficulty. 

This  compound  gave  the  following  results  on  analysis  : — 

01988  gram  of  substance  gave  0*5702  gram  of  CO,  and  0-1828 
gram  of  H2O. 

Calculated  for 

CjyH^Oa.  Found. 

C 78-26  per  cent.  7822  per  cent. 

H 1014        „  10-20 

0........      11-60        „  11-58 

It  is  a  yellow  oil  with  a  slight  aromatic  odour,  and  resembles  the 
preceding  compound  in  its  behaviour  with  solvents ;  it  is  of  an  almost 
syrupy  consistency,  but  shows  no  signs  of  crystallising  when  kept  for 
a  long  time  in  a  desiccator  under  reduced  pressure. 

The  higher  boiling  point  of  this  compound  indicates  a  more  com- 
plicated constitution  than  that  of  the  condensation-product  described 
above,  and  it  is  probably  formed  by  the  combination  of  3  mols.  of 
diacetylpentane,  with  elimination  of  3  mols.  of  water,  according  to  the 
equation,  SC.HwOa  =  C,7H«0,  +  3H,0. 

ACTIOK  OF  DEHYDRiTllfG  AOENTS   ON  oW-DlBENZOYLPBNTUfE. 

The  investigation  of  the  behaviour  of  dibenzoylpentane  with  de- 
hydrating and  reducing  agents  has  been  commenced  and  has  already 
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led  to  interesting  results,  but  the  compounds  obtained  have  not  yet 
been  examined  very  fully.  A  very  short  account  of  some  of  our 
experiments  may,  however,  be  suitably  given  in  this  paper  on  account 
of  their  bearing  on  the  question  of  the  constitution  of  methyltetra- 
hydrobenzeue  methyl  ketone. 

Concentrated  sulphuric  acid  seems  to  have  no  dehydrating  action 
on  dibenzoylpentane  in  the  cold,  as  is  shown  by  the  following  experi- 
ment. About  0*5  gram  of  the  pure  diketone  was  dissolved  in  con- 
centrated sulphuric  acid,  and  the  solution  kept  at  the  ordinary 
temperature  for  three  days ;  it  gradually  became  violet  in  colour  and 
a  small  quantity  of  sulphurous  anhydride  was  evolved.  The  addition 
of  water  caused  the  precipitation  of  a  colourless  compound,  which, 
after  recrystallisation  from  dilute  methyl  alcohol,  melted  at  66 — 67° y 
and  was  found  to  consist  of  unchanged  dibenzoylpentane ;  the 
quantity  obtained  was  about  0'46  gram. 

When  dibenzoylpentane  is  warmed  with  phosphoric  anhydride  it  is 
converted  into  a  compound  having  the  composition  CtgHigO,  but  con- 
siderable quantities  of  resinous  products  are  also  formed. 

The  compound  CisHigO  crystallises  from  alcohol  in  beautiful,  colour- 
less needles,  melting  at  110 — 111°. 

An  analysis  gave  the  following  results : — 

01187  gram  of  substance  gave  0-3787  gram  of  CO,  and  0074J. 
gram  of  HjO. 

Calculated  for 

CijHiaO.  Found. 

C 8702  per  cent.  86*84  per  cent. 

H 6-87        „  6  96 

0 611         „  6-20 

This  substance  is  at  present  under  investigation,  and  will  form  the 
subject  of  a  paper  which  we  hope  soon  to  be  able  to  communicate 
to  the  Society. 

Heriot  Watt  College, 
Edinburgh, 
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y. — etM'DicLcetyl-aLW'diethyl^entane. 

By  F.  Stahuby  Kipping,  Ph.D.,  DSc,  and  W.  H.  Pibkin,  Jan.,  Ph.D. 

In  the  preceding  paper  we  have  described  the  preparation  of  a  com- 
ponnd  of  the  composition  C9H14O,  and  have  giyen  an  aoconnt  of 
Tarions  experiments,  from  the  results  of  which  it  seems  to  be  proved 
that  this  subetance  is  methjltetrahydrobensene  methyl  ketone. 

In  order  to  distingaish  between  several  of  the  theoretically  possible 
formnlflB  for  this  compound  (compare  p.  14),  it  became  necessary  to 
prepare  a  diketone  of  the  formula  E-00-CB[R-[CH,],-CHR-CO-R, 
and  to  study  its  behaviour  under  the  same  conditions  as  those  em- 
ployed in  the  preparation  of  the  compound  C9H14O  from  «fD-diacetyl- 
pentane,  COMe-[CH,]»-COMe. 

A  short  account  of  these  experiments  will,  we  hope,  not  be  with- 
out some  interest. 

When  ethyl  ethylacetoacetate  (2  mols.)  is  treated  with  sodium 
ethozide  (2  mols.)  and  trimethylene  bromide  (1  mol.)  in  alcoholic 
solution,  a  moderately  energetic  reaction  occurs  on  warming 
gently,  and,  after  proceeding  in  the  usual  manner,  a  yellow  oil  is 
obtained. 

The  crude  product,  which  consists  of  several  compounds,  contains 
about  40 — 45  per  cent,  of  ethyl  a»-diacetyl-afD-diethylpimeIate, 
COOEt-CBt(COMe)-[CH,],-CBt(COMe)-COOEt,  produced  by  the 
combination  of  1  mol.  of  trimethylene  bromide  with  2  mols.  of  ethyl 
sodioethylacetoacetate  in  accordance  with  the  equation — 

2CH8-CO-CNaBt-COOEt  +  C3H.Br,  = 

C00Bt-CBt(C0Me)-[GH,]3-CBt(C0Me)-C00Et  +  2NaBr. 

This  ethereal  salt  is  readily  hydrolysed  when  boiled  with  alcoholic 
potash,  the  principal  products  being  aw-diacetyl-aie-diethylpentane 
and  w-acetyl-«<u-diethylcaproio  acid.  The  equations  representing  the 
decomposition  are  as  follows  : — 


C00Et-CBt(C0Me)-[CH,]3-CBt(C0Me>C00Bt  +  4K0H  = 
COMe-CHEt-[CHaJ,-CHBt-COMe  +  2K3CO3  +  2C3H5-OH, 


and 


COOEt-CBt(COMe).[CH2]3-CBt(COMe)-0OOEt  -h  4K0H  = 
C0Me-CHEt-[CH3]s-CHEt-C00K  +  2C3EU-OH  +  K3CO,  -f- 

CHs-COOK. 
VOL.  Lvn.  D 
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It  seems  probable  tliat,  in  addition  to  tbe  two  compounds  referred 
to  above,  small  quantities  of  aw-dietbjlpimelic  acid  are  also  produced 
by  the  following  reaction : — 

COOEt-CEt(OOMe)-[OH,],-CBt(OOMe)-COOEt  +  4K0H  = 
COOK-CHEt-[CH,],OHEt-COOK  +  2C,H»-0H  +  2CH,-C00K. 


Adian  of  Trimethylene  Bromide  on  Ethyl  Sodtoethylacetoacetate. 

Formation  of  Ethyl  aw-Diaoetijl-aio-diethylpimelatef 
COOBt-CBt(COMe)-[CHJ,-CEt(COMe)-COOEt. 

Ethyl  diacet  jldiethylpimelate  is  obtained,  together  with  considerable 
quantities  of  compounds  of  lower  boiling  point,  when  ethjl  sodio- 
ethylacetoacetate  is  treated  with  an  alcoholic  solution  of  trimethylene 
bromide. 

Ethyl  ethylacetoaoetate  (2  mols.)  is  added,  in  small  quantities  at  a 
time,  to  a  solution  of  sodium  (1  mol.)  in  about  12  times  its  weight  of 
alcohol,  the  temperature  being  kept  below  26—30®  by  cooling  under 
the  tap  from  time  to  time ;  after  adding  the  trimethylene  bromide 
(1  mol.),  the  mixture  is  heated  on  the  water-bath  in  a  flask  provided 
with  a  reflux  condenser.  As  soon  as  the  temperature  rises  to  about 
70 — 80^,  an  energetic  reaction  commences,  sodium  bromide  separates 
from  the  solution,  and  the  heat  developed  is  sufficient  to  keep  the 
alcohoV  in  ebnllition  for  several  minutes.  After  heating  for  2 — 3 
hours  to  complete  the  reaction,  the  alcohol  is  evaporated,  the  residue 
mixed  with  water,  and  the  precipitated  oil  extracted  with  ether. 
When  the  ethereal  extract  is  evaporated,  there  remains  a  yellow  oil, 
the  quantity  of  which  is  abont  equal  to  that  of  the  ethyl  ethylaceto- 
acetate  employed. 

The  crude  product  is  distilled  with  steam  as  quickly  as  possible,  the 
distillation  being  continued  as  long  as  oily  drops  collect  in  the 
receiver.  In  this  way  the  ethyl  diacetyldiethylpimelate,  which  forms 
from  40  to  45  per  cent,  of  the  whole,  is  separated  from  the  more 
volatile  compounds.  The  dark  yellow  oil  which  remains  in  the  flask 
is  extracted  with  ether,  the  ethereal  solution  dried  over  calcinm 
chloride  and  evaporated.  That  this  process  of  separation  is  very 
efficient  is  shown  by  the  following  analysis,  which  was  made  with  a 
portion  of  the  residual  oil  after  it  had  been  kept  over  sulphuric  acid 
under  reduced  pressure  for  about  24  hours. 

01474  gram  of  substance  gave  0*3430  gram  of  GO,  and  01220 
gram  of  H,0. 
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Oalcalated  for 

Oi,HbOc.  Found. 

C 6405  per  cent.  63*46  pop  cent. 

H 8-99    „         9-22 

O 26-96    „  27-32 

When  the  crude  ethyl  diacetyldiethylpimelate  is  distilled  nnder 
rednoed  pressure  (45 — 50  mm.),  the  thermometer  rises  rapidly  to 
about  205^,  then  a  little  more  slowly  to  235**;  almost  the  whole 
distils  between  235^  and  255^,  a  small  quantity  only  passing  over 
between255*'  and  280''.  The  oil  boiling  at  235—255''  was  fractionated 
again  under  the  same  pressure,  and  the  portion  boiling  constantly  at 
249—252^  eoUected  separately. 

This  fraction  quickly  solidifies  to  a  mass  of  colourless  crystals,  and 
after  having  been  spread  on  a  porous  plate  to  free  it  from  traces  of 
oily  impurities,  it  melted  at  42 — 43°  with  previous  softening. 

The  analyses  of  the  crystalline  compoxmd  purified  in  this  way  gave         ^ 
the  following  results  : —  J7« 

I.  0-2109  gram  of  substanoe  gave  0*4937  gram  of  GO,  and  0*1689    <«]'' 
gram  of  H,0.  f  ^ 

n.  0-2500  gram  of  substance  gave  0-5840  gram  of  CO,  and  02016    f   . 
gram  of  H,0.  ^j* 

Found.  c~> 

Oalonlated  for                             , • ^  ^  h 

Ci,H„0,.                               I.              II.  • 

0 64-05  per  cent.  63*80      63*71  per  ceut. 

H 8-99        „                 8*90        8*96        „  .    ^ 

O 26-96        „                27*30      27*33        „  .     / 

Ethyl  diacetyldiethylpimelate  separates  from  ether  and  alcohol  in 
long,  very  slender  needles  melting  at  44 — 45*"  with  slight  previous 
softening ;  it  is  very  readily  soluble  both  in  ether  and  in  alcohol,  so 
that  it  cannot  well  be  purified  by  crystallisation  from  these  solve ats. 
On  adding  water  to  a  cold  alcoholic  solution,  the  ethereal  salt  is  pre- 
cipitated in  an  oily  condition,  but  it  almost  immediately  solidifies  to 
a  mass  of  ill-defined  crystals.  It  is  very  readily  soluble  in  benzene, 
light  petroleum,  xylene,  chloroform,  and  most  ordinary  solvents,  but 
it  seems  to  be  quite  insoluble  in  cold  water.  Ferric  chloride  produces 
no  coloration  in  alcoholic  solutions.  It  is  readily  hydrolysed  by  warm 
alcoholic  potash,  the  principal  product  being  acetyldiethylcaproic  acid. 
When  treated  with  concentrated  alcoholic  potash  in  the  cold,  it  is  slowly 
decomposed ;  the  solution  contains  small  quantities  of  diacetyldiethyl- 
pentane,  and  the  potassium  salt  of  a  thick,  colourless  acid,  probably 
diacetyldiethylpimelic  acid,  which  is  mixed  with  some  other  acid 
richer  in  carbon. 

D  2 

Digitized  by  VjOOQIC 


32     KIPPING  AND  PBRKIN:  «a>-DIACaSTYL-a»-DIETHYLPBNTANB. 

Bye^producU  obtained  in  the  Reparation  of  Ethyl  Bia^cetyldiethyU 

pimelate. 

The  crude  product  of  the  action  of  trimethjlene  bromide  on  ethyl 
Bodioethylacetoacetate  contains,  as  has  been  stated  above,  a  consider- 
able proportion  (55 — 60  per  cent.)  of  an  oil  which  can  be  separated 
from  the  ethyl  diacetyldiethjlpimelate  by  distilling  with  steam;  when 
the  distillate  is  extracted  with  ether,  and  the  extract  dried  orer 
calcinm  chloride  and  eyaporated,  a  yellowish,  mobile  oil  with  a 
pleasant  ethereal  odonr  is  obtained.  This  oil  is  probably  a  mixture  of 
unchanged  ethyl  ethylacetoacetate  and  ethyl  ethylallylacetoacetate ; 
the  last-named  compound  would  probably  be  produced  by  the  inter- 
action of  the  trimethylene  bromide  and  ethyl  sodioethylaoetoacetate 
according  to  the  equations — 

CH,-CO-CEtNa-COOBt  -h  CsHeBr,  = 

CH,-CO-CBt-(COOBt)-CH,-CH,-CHaBr  and 

0H,-CO-CBt(C00Et)-CH,-CHa-CH,Br  +  CH,-CO-CBtNa-COOBt  = 
OH,-CO-CBt(COOBt)CH,-CH;CH,+  CHs-CO-CHBt-COOBt  +  NaBr. 

It  was  repeatedly  submitted  to  fractional  distillation  under  the 
ordinary  pressure  in  order  to  try  and  isolate  the  ethyl  ethylallylaceto- 
acetate, but  the  attempt  was  unsuccessful.  Various  fractions  were 
analysed,  but  in  all  cases  the  results  agreed  with  those  required  by  a 
mixture  of  ethyl  ethylacetoacetate  and  ethyl  ethylallylacetoacetate, 
the  analyses  giving  from  64*4  to  65'3  per  cent,  of  carbon  and  about 
9'1  per  cent,  of  hydrogen  instead  of  66'7  per  cent,  of  carbon  and 
9*0  per  cent,  of  hydrogen  as  required  by  ethyl  ethylallylaceto- 
acetate. 

atp-DiacetyUatj-diethylpentane,  CH,'C0*CHEt-[CHa],'CHEt-C0'CH3 

Diacetyldiethylpentane  is  best  prepared  by  treating  ethyl  diacetyl- 
diethylpimelate  with  alcoholic  potash  as  described  in  the  preparation 
of  diacetylpentane. 

The  ethereal  salt  is  dissolved  in  a  small  quantity  of  alcohol,  and 
the  solution  heated  to  boiling  in  a  flask  provided  with  a  reflux 
condenser ;  about  one-third  of  a  hot,  moderately  concentrated,  alco- 
holic solution  of  potash  (4  mols.)  is  then  added,  and  the  mixture  is 
boiled  again.  As  soon  as  no  further  separation  of  potassium  carbonate 
occurs,  another  third  of  the  potash  solution  is  poured  in  and  the  mixture 
is  heated  again  for  about  10  minutes;  the  remainder  of  the  alcoholic 
potash  is  theu  added  and  the  alcohol  is  immediately  evaporated. 
The  alkaline  residue  is  mixed  with  water,  the  precipitated  diketone 
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extracted  with  ether,  the  ethereal  solation  dried  oyer  potassium  car- 
bonate and  evaporated.  The  yellowish-brown,  mobile  oil  which  is  thus 
obtained  consists  of  impure  diacetyldiethjlpentane ;  the  quantity  of 
the  crude  product  is  only  11 — 12  grams  from  50  grams  of  the  ethereal 
salt,  the  small  yield  being  due  to  the  formation  of  large  quantities  of 
acid  decomposition-products. 

As  the  crude  diketone  showed  no  signs  of  crystallisation  even  when 
cooled  below  0°,  it  was  sabmitted  to  fractional  distillation  under  a 
pressure  of  110  mm.  The  thermometer  rose  rapidly  to  about  160°, 
and  about  10  per  cent,  of  the  whole  distilled  below  206"* ;  the  thermo- 
meter then  remained  very  constant  at  207 — 208"*,  about  50  per  cent, 
passing  over  between  200^  and  210°,  and  the  remainder  at  a  slightly 
higher  temperature. 

The  fraction  200 — 210^  was  distilled  again  under  the  same  pressure 
and  the  portion  boiling  at  207 — 208**  collected  separately.  This 
liquid  on  analysis  gave  the  following  results : — 

0-1690  gram  of  substance  gave  0*4533  gram  of  COs  and  0*1751 
gram  of  H3O. 

Calculated  for 

CujHmO,.  Found. 

C 73*69  per  cent.  73-10  per  cent. 

H 11*32    „  11*32 

0 16*09    „  15-58 

Diacetyldiethylpentane  is  a  colourless,  moderately  mobile  qil  with 
a  slight,  rather  pleasant,  aromatic  odour  similar  to  that  of  diacetyl- 
pentane.  It  boils  at  207 — 208^*  (110  mm.),  and  shows  no  signs  of 
crystallising.  It  is  insoluble  or  only  very  sparingly  soluble  in  water, 
but  miscible  with  alcohol,  ether,  and  other  ordinary  solvents  in  all 
proportions.  It  does  not  combine  with  sodium  hydrogen  sulphite 
even  when  left  for  a  long  time  in  contact  with  a  concentrated  aqueous 
solution  of  the  salt.  It  dissolves  in  cold  concentrated  sulphuric  acid 
with  a  yellowish-brown  coloration,  but  it  undergoes  no  change  even 
after  two  days'  time,  as  is  proved  by  the  experiments  described 
below. 

atD'DiacetyUMO'diethy  Ipentanedioxime, 
NOH:CMe-CHBt-[CH,],CHEtCMe:JSrOH. 

Diaceiyldiethylpentane  combines  readily  with  hydrozylamine  in 
alkaline  solation,  yielding  the  dioxime. 

The  diketone  (about  1  gram)  is  dissolved  in  alcohol,  treated  with 
an  alcoholic  solution  of  hydroxylamine  hydrochloride  (1*5  gram)  and 
potash  (5  grams),  and  the  mixture  kept  at  the  ordinary  temperature 
for  24  hours ;  the  alcohol  is  then  partially  evaporated  on  the  water- 
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bath,  the  reaidne  mixed  with  water  and  treated  with  a  slight  execss 
of  dilate  hydrochloric  acid.  The  oil  which  is  precipitated  is 
extracted  with  ether,  and  after  drying  the  extract  over  calcinm 
chloride,  the  ether  is  evaporated.  The  dioxime  remains  in  the 
form  of  a  thick,  yellowish  oil  which  soon  solidifies  to  a  mass  of 
crystals.  After  removing  oily  imparities  by  spreading  the  crystals 
on  a  poroos  plate,  a  nitrogen  determination  was  made  with  the  fol- 
lowing resalt : — 

0'1184  gram  of  sabstance  gave  12  c.c.  of  nitrogen  measnred  at  12* 
and  755  mm.  pressure. 

Calculated  for 

OisHseNgO,*  Found. 

N 11'6  per  cent.  11-9  per  cent. 

Diacetyldiethylpentanedioxime  separates  from  a  mixture  of  ben- 
sene  and  light  petroleum  in  colourless,  microscopic  crystals  melting 
at  110 — 111^.  It  is  readily  soluble  in  alcohol,  ether,  acetic  add, 
benzene,  and  other  ordinary  solvents,  but  only  very  sparingly  in  cold 
light  petroleum ;  on  adding  light  petroleum  to  the  benzene  solution, 
the  dioxime  is  precipitated  in  a  crystalline  condition.  It  dissolves 
freely  in  alkalis  and  in  moderately  concentrated  mineral  acids. 

Behaviour  of  Diacetyldiethylpentane  toith  Ooncentrated  Sulphuric  Acid. 

The  chief  object  in  view  in  preparing  diacetyldiethylpentane  was 
to  study  its  behaviour  with  sulphuric  acid.  It  has  been  shown  in  the 
previous  paper  that  diacetylpentane  dissolves  in  cold  concentrated 
sulphuric  acid,  and  is  thereby  converted  into  a  compound  C9H14O ; 
the  various  theoretically  possible  formulsd  for  this  compound  have 
been  already  discussed,  and  it  has  been  shown  that  its  constitution  is 
probably  that  of  an  orthomethyltetrahydrobenzene  methyl  ketone. 
One  of  the  chief  arguments  in  support  of  this  view  is  the  fact  that 
diacetyldiethylpentane  does  not  yield  an  analogous  product  under  the 
same  conditions,  and  is,  in  fact,  unchanged  by  concentrated  sulphuric 
acid. 

About  8  grams  of  crude  diacetyldiethylpentane  was  dissolved  in 
about  60  grams  of  concentrated  sulphuric  acid ;  a  slight  development 
of  heat  was  observed  and  the  solution  gradually  turned  brown.  After 
keeping  for  about  24  hours,  the  solution  was  poured  into  a  large 
volume  of  cold  water  and  the  precipitated  oil  extracted  with  ether. 
A  yellowish-brown  oil  remained  when  the  ether  was  evaporated,  and 
the  weight  of  this  product  was  about  6*5  grams.  The  crude  oil  was 
submitted  to  fractional  distillation  under  the  ordinary  pressure ;  the 
thermometer  rose  rapidly  to  230°,  and  only  a  small  quantity  distilled 
between  230°  and  240°,  the  greater  nortion  passing  over  at  245 — 256*. 
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This  fraction  was  collected  separatelj,  and  analysed  without  anj 
fDiiher  purification.     The  following  results  were  obtained : — 

0-2228  gram  of  substance  gave  0*5863  gram  of  COt  and  02239 
gram  of  HsO. 

CalculAtod  for 

, • ^ 

OuHnO.      OuHmOs.  Found. 

C 80-4  73-6  per  cent.  717  per  cent. 

H 11-3  11-3        „  11-2 

O 11-3  151        „  171 

TbiB  analysis  shows  that  the  fraction  boiling  at  245 — 255°  consisted 
of  impure  diacetyldiethjlpentane,  and  proves  conclusively  the  absence 
of  any  compound  richer  in  carbon.  Since  this  fraction  formed 
about  60  per  cent,  of  the  crude  product,  and  most  of  the  remainder 
boiled  at  a  temperature  above  255°,  the  experiment  would  show  that 
the  formation  of  a  compound  GuHisO  does  not  take  place  under  these 
conditions. 

in  order  to  prove  beyond  doubt  that  such  is  really  the  case,  the 
experiment  was  repeated  in  the  following  manner: — 10  grams  of 
almost  pni«  diacetyldiethylpentane  was  dissolved  in  300  grams  of 
cold  concentrated  sulphuric  acid  and  the  solution  kept  for  two  days 
at  Uie  ordinary  temi>erature ;  there  was  only  a  slight  eyolution  of 
MQlphnrous  anhydride,  but  the  solution  gradually  darkened  in  colour. 
It  was  poured  into  a  large  volume  of  cold  water,  the  oil  extracted 
with  ether,  the  extract  dried  over  potassium  carbonate  and  eva- 
porated; the  residual  oil  weighed  about  8*8  grams.  When  the  oil  was 
distilled  under  the  ordinary  pressure,  the  thermometer  rose  at  once 
to  215*",  and  the  whole  passed  over  between  215 — ^270°,  the  greater 
portion  boiling  at  about  250°.  The  fraction  215—270°,  that  is  to 
say,  the  whole  of  the  crude  product,  was  distilled  again  under  the 
ordinary  pressure,  and  the  portions  passing  over  at  215 — 225°  and 
225 — 235°  were  collected  separately.  These  two  fractions  were 
analysed  with  the  following  results : — 

I.  Fraction  boiling  at  215 — ^225° :  0'1568  gram  of  substance  gave 
0'4>14>1  gram  of  CO,  and  01617  gram  of  H,0. 
II.  Fraction  boiling  at  225 — 235° :  0*1654  gram  of  substance  gave 
0-4371  gram  of  CO,  and  01733  gram  of  H,0. 

Caloulated  for  Found. 

CttHaO.  CuHmO,.  I.  II. 

C 80-4  p.  c.        73*5  p.  c.  7206  725  p.  c. 

H  ....      11-3    „  11-3    „  11-40  1V6    „ 

O  ....      11-3    „  15-2    „  16-64  15-9    „ 
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Tliese  analyses  show  that  both  fractions  consisted  of  impure  di- 
acetyldiethylpentane,  the  purer  of  the  two  being  naturally  that  of 
higher  boiling  point,  as  it  approaches  more  closely  that  of  the  pure 
diketone.  Now,  since,  if  any  dehydrating  action  had  occurred,  the 
resulting  compound  must  have  been  contained  in  these  two  lowest 
boiling  portions  of  the  crude  oil,  it  is  clear  that  no  compound  of  the 
composition  CuHstQ  had  been  formed. 

This  experiment,  therefore,  confirms  the  previous  results  and 
proves  conclusively  that  diacetyldiethylpentane  is  not  converted  into 
a  compound  of  the  composition  GisH«sO  under  conditions  which,  in 
the  case  of  diacetylpentane,  result  in  the  formation  of  a  compound  of 
the  composition  OgHuO  ;  this  difference  in  behaviour  can  be  explained 
only  by  assuming  that  the  latter  has  the  constitution  of  an  ortho- 
methyltetrahydrobenzene  methyl  ketone,  a  view  which  is  fully  borne 
out  by  other  experiments. 

W'AcetyUaW'diethylcapraic  Acid,  GH8*G0*CHEt*[GH,],*GHEt*G00H. 

The  alkaline  mother-liquors  from  which  the  diacetyldiethylpentane 
has  been  extracted  with  ether  contain  the  potassium  salts  of  acetyl- 
diethylcaproic  acid,  acetic  acid,  and  probably  also  diethylpimelic  acid ; 
these  compounds  having  been  produced  by  the  hydrolysis  of  ethyl 
diacetyldiethylpimelate  in  accordance  with  the  equations  given  on 
pp.  29  and  30.  On  acidifying  with  dilute  sulphuric  acid,  a  thick, 
yellowish  oil  is  precipitated ;  the  solution  is  shaken  three  or  four  times 
with  ether,  the  ethereal  extract  dried  over  calcium  chloride,  and  the 
ether  evaporated.  As  the  thick,  sour-smelling  oil  which  remained  showed 
no  signs  of  crystallising  even  when  cooled  below  0^,  it  was  submitted 
to  fractional  distillation  under  reduced  pressure  (110  mm.).  The 
acetic  acid  which  passed  over  at  the  commencement  of  the  distillation 
was  readily  identified  by  its  odour  and  by  converting  it  into  ethyl 
acetate ;  the  thermometer  then  rose  rapidly  to  200^,  a  small  quantity 
only  distilled  below  240°,  and  the  whole  of  the  remainder  passed 
over  between  240**  and  280°.  The  portion  boiling  at  240—280°  was 
fractionated  again  under  a  pressure  of  90  mm.,  and  a  fairly  large 
quantity,  boiling  at  253 — 255^,  collected  separately. 

The  analysis  of  this  fraction  (b.  p.  253 — 255°)  showed  that  it  con- 
sisted  of  acetyldiethylcaproic  acid : 

0'1420  gram  of  substance  gave  0*3490  gram  of  GOs  and  01305 
gram  of  HsO. 

Calculated  for 

CuHssOs.  Found. 

C 6728  per  cent.  67*03  per  cent. 

H 10-28        „  10-21 

0 22-43        „  22-76 
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Acetyldiethylcaproic  acid  is  a  thick,  colourless  liqnid  haying  an 
odour  very  like  that  of  pyruvic  acid;  it  becomes  semi-solid  when 
cooled  strongly,  but  it  has  not  yet  been  obtained  in  a  crystalline 
condition.  It  is  insoluble,  or  only  very  sparingly  soluble,  in  water, 
but  miscible  with  alcohol,  ether,  benzene,  and  other  ordinary  solvents 
in  all  proportions. 

The  sUver  salt,  CH,-C0-CHEt-(CH,)3-CHEt-C00Ag,  was  pre- 
pared by  dissolving  a  portion  of  the  fraction  boiling  at  253 — 255**  in 
ammonia,  and  fractionally  precipitating  the  neutral  solution  with 
silver  nitrate.  It  is  a  colourless,  seemingly  amorphous  compound, 
and  rather  sparingly  soluble  in  hot  water ;  it  seems  to  be  stable  in  the 
light. 

A  silver  determination,  made  with  a  portion  of  the  second  fraction 
of  the  salt,  gave  the  following  result: — 

04714  gram  of  substance  gave  0'1605  gram  of  silver. 

Calculated  for 
OuHsiOsAg.  Found. 

Ag 33'64  per  cent.  3403  per  cent. 

The  first  fraction  gave  a  somewhat  larger  percentage  of  silver 
probably  owing  to  the  presence  of  small  quantities  of  diethylpimelic 
acid. 

In  neutral  aqueous  solutions  of  the  ammonium  salt,  lead  acetate 
and  mercuric  chloride  produce  a  colourless  precipitate ;  ferric  chloride, 
a  baff-coloured  precipitate ;  and  copper  sulphate,  a  dark-green  pre- 
cipitate. 

The  calcium  salt  and  the  barium  salt  are  readily  soluble  in  water. 


W'AcetyUaio'diethylcaproic  Acid  Oxime, 
NOH:CMe-CHEt-[CH,],-CHBt-COOH. 

Acetyldiethylcaproic  acid  oxime  can  be  obtained  by  treating  the 
acid  with  hydroxylamine  hydrochloride  and  excess  of  potash  in  dilute 
alcoholic  solution ;  after  keeping  for  about  24  hours,  the  alcohol  is 
evaporated  on  the  water-bath,  the  residue  dissolved  in  water,  the 
solution  slightly  acidified  with  hydrochloric  acid,  and  extracted  with 
ether.  The  crude  product  is  a  thick,  yellowish  oil,  but  it  slowly 
solidifies  to  a  mass  of  crystals ;  the  crystalline  substance,  after  having 
been  spread  on  a  porous  plate  and  washed  with  a  little  light  petr- 
oleum, melted  at  102— 103^ 

A  nitrogen  determination  gave  the  following  result : — 

0*0961  gram  of  substance  gave  5'05  o.o.  of  nitrogen  measured  at 
14^  and  745  mm.  pressure. 
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Galoolsted  for 
0„Hs,NO,.  Found. 

N 6-11  per  cent.  6*12  per  cent. 

Acetyldiethylcaproio  acid  oxime  ciystalliaes  from  a  mixime  of 
beneene  and  light  petroleiun  in  oolonrless,  microsoopio  plates ;  it  is 
readily  solable  in  alcohol  and  benzene,  bat  only  sparingly  in  light 
petroleam,  and,  seemingly,  insoluble  in  water ;  it  dissolves  freely  in 
alkalis  and  in  concentrated  hydrochloric  acid. 

Henott-Watt  OoUege,  Edinburgh^ 
Chemical  Laboratory, 


VI. — FranguUn. 

By  T.  B.  Thorpe,  F.E.S.,  and  H.  H,  Robinson,  M.A. 

The  constituents  of  the  bark  of  the  Alder  Buckthorn  (^Ehamnus 
frangula),  and  more  especially  the  yellow  colouring  matters  that  can 
be  got  from  it,  have  occupied  the  attention  of  several  chemists  since 
the  beginning  of  the  century.  Prior  to  1857,  no  ultimate  analyses 
of  these  colouring  matters  were  made,  although  the  substances 
obtainable  from  the  bark  had  been  frequently  described.  Gerber,  in 
1828  (Brandos  Archiv,  f,  Pharm,,  26,  1),  published  a  proximate  ana- 
lysis of  the  bark,  and  among  the  substances  enumerated  was  a  yellow 
resinous  colouring  matter,  which  with  alkalies  gave  a  dark-red 
colour.  Binswanger,  in  1850,  published  a  work  on  the  constituents  of 
the  bark  (Pharm,  Studien  iiber  B.  frangula  und  cathartica.  Miinchen; 
also  in  Buchner's  Bepertorium  f,  Pharm.  [3],  4,  47)  ;  among  these  he 
mentions  a  yellow  colouring  matter  which  he  states  Buchner  had 
examined  and  named  Bhamno-Xanthin,  Buchner's  work  was  not 
published  until  some  years  later,  namely,  in  1853  (Armalen,  87, 218)  ; 
he  had  noticed  that  the  paper  in  which  some  of  the  root-bark  had 
been  wrapped  was  coloured  yellow,  and  that  the  inner  surface 
of  the  bark  was  covered  with  golden-yellow  crystals.  He  prepared 
some  of  the  substance,  examined  its  properties,  and  described  its 
points  of  resemblance  and  dissimilarity  to  chrysophanic  acid.  In  a 
later  paper  (Zeitschrift  fii/r  Chem.,  1865,  699),  he  described  some 
yellowish-red,  needle-shaped  crystals  he  got  from  Bhamno-Xanthin 
by  sublimation,  but  gave  no  analyses. 

Winckler  {Archiv.  der  Pharm.,  1856,  335),  Phipson  (Oompt.  rend.^ 
47, 153),  Sakn  Horstmar  (Pogg.  Ann.,  109,  539),  and  Enz  (VieHeU 
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jahnchrifi  fir  Pharm.j  16,  106)  have  also  treated  of  these  yellow 
colouring  matters. 

GaBaelmann,  in  1857  (Annalen,  104, 77),  was  the  first  to  pahlish  an 
ultimate  analysis  of  a  yellow  colouring  matter  got  from  B.  frangula. 
This  substance  he  named  Frangulin^  considering  that  Bachner's 
name  Rhamno-Xanthin  was  liable  to  be  confused  withXantho-rhamnin, 
a  substance  Kane  had  obtained  from  B,  caihartica  and  Hndoria,  He 
used  ammonia-water  to  extract  it  from  the  bark,  and  describes  it  as 
forming  lemon-yellow,  crystalline  masses  with  a  slight  silky  Instre 
and  as  appearing  under  the  microscope  in  bright-yellow,  transparent, 
square  tables.  He  gives  the  melting  point  as  about  249°.  He  made 
three  analyses  of  frangulin  prepared  by  different  methods  and  dried 
at  100^;  the  mean  of  these  analyses  was,  carbon  57*19  per  cent, 
and  hydrogen  4*98  per  cent.,  from  which  he  deduced  the  formula 
GeH«Os  (new  notation).  He  examined  the  action  of  fuming  nitric 
acid  on  frangulin,  and  concluded  that  it  yielded  oxalic  acid  and  a  nitro- 
deriyatiye ;  this  he  analysed,  together  with  its  silver  and  copper  salts, 
and  assigned  to  it  the  formula  CmHioOsCNOs)^  +  ^HaO. 

Kubly,  in  1866  (Fharrn.  ZeUschrift  fur  Bussland,  6,  160),  obtained 
a  substance  from  the  bark  which  he  named  Avornin^  and  which 
he  found  to  be  a  glacoside,  yielding  on  hydrolysis,  sugar,  an  acid 
which  he  called  avomic  add,  and  an  amorphous  resin. 

Faust  repeated  his  work  and  foand  that  avomin  was  impure 
frangulin,  but  to  Kubly  is  due  the  discovery  of  the  glncosidal  nature 
of  frangulin. 

Faust,  in  1872,  published  a  paper  (Anndleny  166,  229)  on  frangulin 
and  frangalic  acid  :  he  prepared  a  small  quantity  of  frangulin,  using 
alcohol  to  extract  it  from  the  bark ;  he  did  not  see  the  square  tables 
mentioned  by  Casselmann,  and  found  that  its  melting  point  was  226°, 
also  that  when  boiled  with  hydrochloric  acid  it  split  up  into  f  rangnlic 
acid  and  sugar ;  but  he  had  not  enough  frangulin  either  to  make  a 
quantitative  hydrolysis  or  an  analysis.  He  accepted  Casselmann's 
analysis,  and  multiplying  GsHeOa  by  3j^,  gave  GaoHsoOio  =  C14H8O4 
+  CsHisOe  as  the  equation  representing  its  hydrolysis.  He  prepared 
frangalic  acid  directly  from  the  bark,  using  boiling  caustic  soda 
solution ;  he  found  that  on  drying  this  at  120^  it  lost  6*07  per  cent, 
in  one  case  and  6*4  per  cent,  in  another,  and  when  thus  dried  gave 
carbon  67*26  per  cent,  and  hydrogen  4  per  cent,  as  a  mean  of  five 
analyses :  but  in  these  the  carbon  varied  from  66*78  to  67*91  per  cent. 
He  assigned  the  formula  2Gi4H804,3H30  to  the  undried  substance  and 
2GuH804,HsO  to  it  when  dried  at  120^.  He  next  dried  a  sample  at 
180^  when  it  lost  10*97  per  cent.  (2CmH804,3H,0  in  losing  3HaO 
would  give  up  10*11  per  cent.),  and  on  analysing  the  product  thus 
dried  he  got  carbon  70*33  per  cent,  and  hydrogen  3*67  per  cent. 
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(CuHsOi  would  give  carbon  70  per  cent,  and  hydrogen  3*3  per  cent.). 
He  farther  prepared  and  analysed  a  bromine-derivative  and  an  acetyl- 
derivative  of  frangnlic  acid.  By  distilling  frangulic  acid  with 
zinc-dust  be  obtained  anthracene,  and  concluded  that  the  acid  was 
dihydroxyanthraquinane  and  therefore  an  isomer  of  alizarin. 

Liebermann  and  Waldstein  were  the  next  authors  to  treat  of  the 
yellow  colouring  matter  got  from  M,frangula  (Berichte^  1876, 1775)  ; 
they  did  not  prepare  frangulin,  but  examined  a  colouring  matter  got 
from  the  bark  by  means  of  caustic  soda  solution.  They  made  five 
analyses  of  this ;  in  two  cases  drying  the  substance  at  190",  and  in 
one  case  subliming  it,  crystallising  the  sublimate  from  alcohol  and 
drying  at  150*".  The  mean  of  their  analyses  was,  carbon  67*1  per 
cent,  and  hydrogen  4  per  cent.,  the  carbon  ranging  from  66*7  to  67'2 
per  cent. ;  they  therefore  assigned  the  formula  CuHioOs  to  the  sub- 
stance. They  prepared  and  analysed  an  acetyl- derivative  and  made 
a  distillation  of  the  colouring  matter  with  zinc-dust,  obtaining  a 
mixture  of  anthracene  and  methylanthracene,  resembling  that  obtained 
from  emodin  and  from  chrysophanic  acid,  and  giving  on  oxidation 
atUhraquinonecarboxylic  acid.  They  compared  the  properties  of  the 
colouring  matter  and  its  behaviour  with  various  reagents  with  those 
of  emodin,  and  they  found  the  melting  point  of  both  to  be  257^. 
Finally,  they  concluded  that  the  colouring  matter  they  examined  was 
identical  with  emodin.  As  regards  Faust's  frangulic  acid,  they  con- 
sidered it  to  be  probably  a  different  substance,  and  that  possibly  it 
and  emodin  may  occur  jointly  in  the  bark  and  mutually  replace  one 
another  as  alizarin  and  purpurin  do  in  madder.  They  suggest 
GsiHaoOio  +  H3O  =  dsHioOs  +  GeHnOe  as  the  equation  representing 
the  hydrolysis  of  frangulin. 

Keussler,  who  published  his  paper  in  1878  (Pharm,  Zeitschrift  fur 
Bfussland,  17,  257),  did  not  prepai'e  frangulin,  but  used  caustic  soda 
and  sodium  carbonate  in  his  operations  on  the  bark,  and  obtained  a 
substance  having  the  same  external  appearances  as  the  frangulic 
acid  of  Faust  and  the  emodin  of  Liebermann  and  Waldstein.  He 
came  to  the  conclusion,  however,  that  this  was  not  emodin,  but  con- 
tained an  additional  GHs  group,  and  was  trihydroxyeihyU  or  trihydroxy- 
dimethylanthraquinone.  He  made  five  analyses  of  it  dried  at  180°, 
and  obtained  carbon  67*54  per  cent,  and  hydrogen  4*38  per  cent,  as  a 
mean  result,  the  carbon  varying  from  67*41  to  67*69  per  cent. 
(GieHitOft  corresponds  to  carbon  67*6  per  cent,  and  hydrogen  4*2  per 
cent.).  On  distilling  it  with  zinc-dust,  he  obtained  and  analysed  a 
mixtare  of  anthracene  and  methylanthracene,  a  considerable  evolution 
of  gas  taking  place  during  the  distillation,  possibly  due  to  the  decom- 
position of  dimethylanthracene.  He  also  prepared  and  analysed  a 
nitro- derivative  and  its  silver  salt. 
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The  only  analysis  of  frangnlin  since  that  of  Gasselmann  was  made 
hy  Schwabe  (Arch,  der  Fharm.,  1888,  26,  569),  who  assigned  to  it 
the  formnla  GnHaoO* ;  he  hydrolysed  it  qnantitatiyely,  and  obtained 
from  it  a  substance  insoluble  in  water,  which  he  analysed  and  found 
to  be  emodin,  and  a  substance  soluble  in  water  which  reduced 
Fehling's  solution.  He  suggests  that  the  latter  is  the  rhamnodulcite 
described  by  Liebermann,  and  that  the  equation  for  the  hydrolysis  is 
CtiHsoO*  +  HtO  =  GmHioOs  +  GeHitOft.  In  previous  communications 
one  of  us,  in  conjunction  with  Mr.  T.  H.  Oreenall  (Trans.,  1887,  61, 
52),  and  subsequently  in  conjunction  with  Dr.  W.  T.  Smith  (Trans., 
1888,  63,  171),  has  shown  that  morindin,  the  characteristic  colouring 
matter  of  A'1,  the  root-bark  of  Morinda  citrifolia^  also  yields  on  hydix>- 
lysis  a  trihjdroxymethylanthraquinone,  GuHiqOs,  which,  however, 
seems  not  to  be  identical  with  emodin.  In  view,  therefore,  of  the  dis- 
crepancies in  the  statements  of  Faust,  of  Liebermann  and  Waldstein, 
and  of  Keussler,  it  became  of  interest  to  determine  (1)  what  was  the 
true  composition  of  the  £rangulin,  and  what  was  the  real  nature  of 
the  products  of  its  hydrolysis,  and  (2),  if  a  trihydrozymethyl- 
anUiraquinone  should  turn  oat  to  be  one  product  of  the  hydrolysis,  as 
Liebermann  and  Waldstein,  and  also  Schwabe  assert,  whether  this 
body  was  identical  with  morindon. 

Preparoition  of  FranguUn, 

The  preparation  of  iraagnlin  from  the  bark  is  a  somewhat 
troublesome  and  tedious  operation,  for  not  only  is  it  present  in 
very  small  quantities,  but  it  is  accompanied  by  plant  fat  and  resinous 
substances,  from  which  it  is  not  easily  separated.  The  method  we 
adopted  was  first  to  remove  the  plant  fat  by  repeatedly  extracting  the 
crushed  bark  with  low*boiling  petroleum,  which  dissolves  very  little 
except  the  fat  and  chlorophyll,  and  then  to  extract  the  residue  with 
methylated  spirit,  the  extraction  being  continued  until  the  liquid 
running  off  contained  but  little  colouring  matter. 

These  extractions  were  performed  in  an  apparatus,  Fig.  1,  designed 
on  Soxhlet's  plan,  bat  modified  so  as  to  suit  the  large  quantities  of 
material  dealt  with.'  It  consisted  of  a  cylindrical  tin  can,  ^,10  inches 
in  diameter  and  1 7  inches  in  height,  provided  with  a  removable  conical 
top,  (7,  which  could  be  secured  to  the  can  by  means  of  a  stout  brass 
flange  which  was  pressed  by  means  of  a  number  of  clamps  to  a  similar 
flange  attached  1o  the  top  of  the  cylinder.  A  washer  cut  out  of  sheet 
indiarubber  and  placed  between  the  two  flanges  kept  the  apparatus 
air-tight  when  the  clamps  were  screwed  up.  The  charge  of  bark, 
weighing  14  lbs.,  was  contained  in  a  muslin  bag  and  rested  on  a  false 
bottom   made  of  thick   tin-plate,   perforated  with  holes    and  sup- 
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ported  bj  legs  at  a  height  of  aboat  1^  inches  from  the  bottom  of 
the  can.  In  the  side  of  the  can  and  close  to  the  bottom  was  a  tin 
tabalnre  a,  giving  access  to  the  space  below  the  false  bottom.  Into 
this,  by  means  of  a  cork,  the  end  of  a  tnbe,  s,  was  fitted  which  rose 
verticallj  ontside  the  can  to  a  point  a  little  below  the  flanges  and  then 
bent  over  and  acted  as  a  syphon.  To  avoid  too  great  rigidity,  there 
was  a  junction  in  the  tnbe  at  b.  At  the  top  of  the  conical  lid  was  a 
tnbnlore,  into  which  a  glass  X-pi®ce  was  fitted.  The  syphon  led  to 
a  bottle-shaped  copper  vessel^  B,  of  about  four  gallons  capacity,  in 
which  the  petroleum  or  methylated  spirit  was  boiled.  The  vapour 
of  the  solvent  was  conducted  by  a  wide- bent  glass  tube,  t,  up  to  the 
side  branch  of  the  X~P^^^®  ^^^  through  it  into  a  reflux  condenser 
which  was  joined  to  the  upper  extremity  c  of  the  X'P^^ce.  The  glass 
tube  t  was  wrapped  round  with  strips  of  woollen  cloth  to  prevent  con- 


densation occurring  in  it.  By  employing  this  apparatus,  the  same 
quantity  of  liquid  was  made  to  serve  for  numerous  extractions,  as  it 
was  syphoned  oE  into  the  copper  can  as  soon  as  the  tin  was  full,  and 
was  then  boiled  off  again,  passed  to  the  condenser,  and  returned  as  fresh 
solvent  to  the  tin.  Both  the  extracting  tin  and  the  copper  can  were 
surrounded  by  water-baths  and  could  be  heated  to  suitable  temper- 
atures. 
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The  methylated-spirit  extract  on  standing  for  two  days  deposited 
a  considerable  quantity  of  dark-brown  resinous  matter ;  it  was  filtered, 
and  to  the  filtrate  a  solation  of  lead  acetate  in  methylated  spirit  was 
added  in  order  to  remove  tannin,  the  brown  precipitate  thns  pro- 
dneed  was  filtered  off,  and  through  the  filtrate  a  current  of  sulphu- 
retted hydrogen  waa  passed  to  throw  down  the  lead  present.  After 
separating  the  lead  sulphide  by  filtration,  the  solution  was  put  aside 
for  five  weeks,  and  at  the  end  of  that  time  it  was  found  to  have  de- 
posited some  frongnlin,  which  separates  from  such  impure  liquids  in 
characteristic  little  orange-red  spheres  of  some  ^  mm.  or  so  in  diameter. 
This  deposit  i^-as  purified  hy  heating  with  spirit,  which  dissolved 
some  brown  impnrities  and  was  poured  off ';  the  residue  was  then 
reciystallised  from  methylated  spirit,  of  which  a  large  quantity  was 
required  to  effect  solution.  This  preparation,  which  will  be  denoted 
by  A  for  reference,  amounted  to  2*0  grams  and  was  of  an  orange- 
yellow  colour. 


IIIH 


Fig.  2. 


Tbe  liquid  which  had  deposited  the  frangulin  spheres  was  next 
evaporated  to  dryness  with  addition  of  calcium  sulphate,  which  was 
added  in  order  to  get  a  residue  that  could  be  submitted  to  extraction 
with  ether  ;  it  would  otherwise  have  given  a  brown,  pitch-like  mass. 
The  residue  obtained  was  further  mixed  with  fragments  of  pumice 
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to  facilitate  the  extraction,  wliich  was  performed  in  a  modified  form  of 
King's  extractor,  Pig.  2  (Ohem,  News,  1888,  57, 236),  constnicted  out 
of  an  inverted  bell-glass,  E,  This  was  closed  at  the  bottom  by  a  cork 
throogh  which  a  vertical  tnbe,  «,  passed.  This  tnbe  was  ground  o£P  at 
an  angle  at  its  upper  extremitj,  and  over  it  was  inverted  a  somewhat 
wider  tube  closed  at  its  upper  end  and  reaching  nearly  bat  not 
qnite  down  to  the  cork  at  the  bottom.  A  plug  of  glass  wool  was 
placed  on  the  cork,  and  then  the  residue  mixed  with  fragments 
of  pumice  was  packed  in,  taking  care  to  have  a  column  of  pumice 
fragments  round  the  centre  tubes.  The  wide  end  of  the  bell-glass 
was  closed  with  a  large  cork  through  which  a  glass  X'^^^o  passed. 
This  cork  was  coated  with  plaster  of  Paris  to  prevent  escape  of  ether. 
The  lower  end  of  the  tube  8  was  bent  and  passed  for  a  short  distanoe 
into  the  end  of  a  slightly  wider  tube,  p,  and  the  joint  was  made  good 
with  a  piece  of  indiarubber  tubing.  The  tube  p  led  through  the 
cork  of  a  flask,  E,  in  which  the  ether  was  heated.  The  vapours  of 
the  ether  were  conducted  up  a  wide  tube,  ^,  to  the  side  arm  of  the 
X'tube,  and  thence  to  a  reflux  condenser  connected  to  the  upper  end 
of  the  ^-inhe.  The  condensed  ether  flowed  into  the  bell-glass,  and 
when  it  rose  above  the  top  of  the  tube  «,  it  was  syphoned  back  into 
the  flask  B  again ;  thus  the  operation  went  on  automatically,  as  in 
the  case  of  the  large  extractor. 

Some  of  the  extracts  obtained  deposited  fairly  pure  frangulin ; 
others  were  so  impure  that  but  little  frangulin  could  be  got  from 
them.  The  best  extracts  were  obtained  when  the  amount  of  calcium 
sulphate  added  was  sufficient  to  produce  a  residue  that  could  be 
crumbled  between  the  fingers. 

The  frangulin  thus  obtained,  together  with  about  half  a  gram 
obtained  in  preparing  A,  but  which  wanted  another  purification,  was 
recrystallised  from  alcohol  and  gave  2*7  grams  (preparation  B). 

Besides  the  above  two  preparations,  a  little  more  frangulin  was  got 
from  the  calcium  sulphate  residue  and  from  various  mother-liquors, 
making  the  total  quantity  obtained  from  14  lbs.  of  the  bark  about 
5^  grams,  a  yield  equivalent  to.0'09  per  cent. 

Frangulin  is  an  orange-yellow  powder  which  under  the  microscope 
has  a  crystalline  appearance,  best  seen  by  reflected  light ;  when  in 
suspension  in  a  liquid,  or  when  a  mass  has  dried  in  a  cake,  it  often 
exhibits  a  silky  lustre.  It  is  not  very  soluble  in  hot  alcohol  and  is  still 
less  soluble  in  cold,  separating  as  the  solution  cools ;  the  cold  alcoholic 
solution,  however,  has  a  distinctly  yellow  colaur.  The  presence  of  a 
trace  of  alkali  imparts  a  red  tinge  to  its  solutions.  It  melts  at  about 
226°. 

Composition. — The  preparations  A  and  B  were  now  analysed. ;  they 
had  been  placed  over  sulphuric   acid  in  a  vacuum  to  dry,  and  a 
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portkm  of  each  was  weighed  out  in  a  platinnm  boat  and  then  dried  at 
120^  until  the  weight  became  constant. 

I.  0'2099  gram  of  fraDgalin  (preparation  A),  after  drying  at  120** 
nnti]  constant,  became  0*2061  gram,  a  loss  equivalent  to  1*8  per 
cent.,  and  then  on  combustion  gave  0'464>3  gram  of  COg  and 
00997  gram  of  H^O. 

n.  0*1884  gram  of  frangnlin  (preparation  B),  after  drying  at 
120^  until  constant,  became  0*1836  gram,  a  loss  equivalent  to  2*5 
per  cent.,  and  then  on  combustion  gave  0*4115  gram  of  CO,  and 
0-0862  gram  of  H,0. 

Ferceniage  Oomposition  of  FranguUn. 
I.  n. 

Frepantian      A.  B. 

C 61*44  61*13 

H 5*37  6*22 

The  agreeuient  of  the  analyses  of  two  independent  preparations 
pointed  to  the  substance  being  homogeneons,  and  not  a  mixture,  and 
it  will  be  seen  that  further  analyses  confirmed  this. 

Hydrolysis. 

A  preliminary  experiment  showed  that  when  frangnlin  in  solu- 
tion in  methylated  spirit  was  boiled  with  the  addition  of  aqueous 
hydrochloric  acid,  it  was  decomposed  into  a  substance  (which  sub- 
fiequentlj  proved  to  be  emodin)  precipitated  on  diluting  with  water, 
and  a  substance  which  remained  in  solution  and  had  the  power  of 
reducing  FehHng's  solution. 

Quantitative  hydrolyses  of  preparations  A  and  B  were  next  made. 
Weighed  quautities  of  A  and  B  were  dried  at  120**  until  constant  in 
weight,  and  then  dissolved  in  alcohol,  10  c.c.  of  strong  aqueous 
hydrochloric  acid  added,  and  the  solution  boiled  for  about  3  or  4 
hours,  using  a  reflux  condenser.  After  the  alcohol  had  been  boiled 
olE  until  the  solution  was  reduced  to  a  half  or  a  third  of  its 
original  bulk,  it  was  largely  diluted  with  water,  which  caused  an 
orange-yellow  precipitate  to  separate  ;  evaporation  was  continued  for 
some  time  in  order  to  drive  off  all  alcohol,  and  the  precipitate  was 
collected  on  a  dried  and  weighed  filter  paper ;  it  was  then  washed  with 
water  and  dried  at  120^  until  constant.  The  filtrate  was  almost 
colourless,  and  considering  the  strong  tinctorial  power  of  the  preci- 
pitated substance,  practically  all  of  it  must  have  been  sepai*ated  by 
the  treatment  adopted. 

I.  0*8457  gram  of  frangnlin  (preparation  A),  on  drying  at  120^ 

vol-  LVII.  E 
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until  constant,  lost  00131  gram  (equivalent  to  1'55  per  cent.). 
Tlie  resulting  0*8326  gram  of  dry  frangalin  on  hydrolysis  gave 
0*5710  of  product  (emodin)  insolnble  in  water. 
II.  Some  frangulin  (preparation  B),  after  drying  at  120®  until 
constant,  weighed  0*7722  gram,  and  on  hydrolysis  gave 
0*5146  gram  of  product  (emodin)  insoluble  in  water. 

Preparation 
.  Yield  of  product  (emodin) 

Product  of  Hydrolysis  insoluble  in  Water  (Emodin), 

The  product  of  the  hydrolysis  thrown  down  on  diluting  with 
water  was  of  an  orange  colour,  and  under  the  microscope  proved  to  be 
a  mass  of  interlacing  needles ;  it  was  much  more  soluble  in  alcohol 
than  frangulin;  with  caustic  soda  solution,  it  gave  a  characteristic 
cherry-red  colour. 

The  products  from  the  hydrolyses  of  preparations  A  and  B  were 
separately  crystallised  from  alcohol,  and  combustions  were  made  of 
them  after  drying  at  120°  until  constant  in  weight. 

I.  0*2200  gram  of  the  product  from  the  hydrolysis  of  frangulin 
(preparation  A)  after  drying  at  120°  until  constant,  became 
0'2086,  a  loss  equivalent  to  5*18  per  cent.,  and  then  on  com- 
bustion gave  0*5076  gram  of  CO,  and  00723  gram  of  H,0. 

n.  0*1508  gram  of  the  product  from  the  hydrolysis  of  frangulin 
(preparation  B)  after  drying  at  120*"  until  constant,  became 
01401  gram,  a  loss  equivalent  to  7*10  per  cent.,  and  then  on 
combustion  gave  0*3430  gram  of  COt  and  00600  gram  of  H,0. 

Some  more  frangulin  was  faydrolysed  in  the  manner  described  above, 
but  using  a  10  per  cent,  solution  of  salphuric  acid  in  larger  volume 
instead  of  the  hydrochloric  acid.  The  insoluble  product  obtained 
was  crystallised  from  benzene,  and  an  attempt  was  made  to  sublime 
it  in  a  vacuum  at  a  temperature  of  240°,  using  a  bath  of  diphenyl. 
amine.  The  sublimate,  however,  formed  too  slowly,  so  the  substance 
was  again  crystallised  from  benzene,  and  used  for  making  two 
analyses.  It  was  first  dried  at  180°,  but  lost  nothing  by  that  treat- 
ment. 

III.  0*2073  gram  of  the  insoluble  product,  dried  at  180°,  gave  on 
combustion  0*5000  gram  of  CO,  and  0*0701  gram  of  H,0. 

IV.  0*2003  gram  of  the  insoluble  product,  dried  at  180°,  gave  on 
combustion  0*4898  gram  of  COt  and  0*0691  gram  of  H,0. 
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Ferceniage  Oompontion  of  the  InsolubU  Produet^ 

Calbulatod 
for 
L  11.  m.         IV.  Kmodin, 

Produfit  from  Preparation    A.  B.  Mean.     CisHjoOs. 

Carbon 66-36    6677    66-91     66*69    66*68^     66-67 

Hydrogen 3-85      3'97      S-Sa"      3*83^      387        370 

Oxygen —  —        —  —        —        29*63 

10000 

Tlins  the  product  of  the  hydrolysii:  has  the  same  composition  as 
emodin,  as  stated  by  Liebermann  and  Waldstein,  and  by>Schwabe. 

The  prodnet  obtained  from  frangnlin  was  compared  side  by  side 
with  some  emodin  obtained  from  rhubarb,  which  Dr.  Hugo  Mtiller 
had  kindly  furnished,  in  respect  to  its  colour  reactions  with  strong  ^ 

sulphuric  acid  and  with  strong  potash  solution,  and  the  same  cherry-        |E7^ 
red  colours  were  obtained  from  both  specimens.  »*i* 

a» 
Further  Analyses  of  Frangulin.  t*. 

As  the  analyses  published  by  Schwabe  difPered  notably  from  those       ^  V' 
given  on  p.  4i5,  we  subjected  our  prepavations  to  further  treatment  to         ^^ 
remove  any  possible  impuriiies^  and  then  made  other  combustions,         *^  ^ 
the  results  of  which  agreed  with  those  first  obtained. 

Preparation  B  was  twice  recrystallised  from  alcohol,  and  then  gave 
the  following  results : — 

m.  0-2133  gram  of  frangulin,  after  drying  at  120°  till  constant, 
lost  0*0046  gram,  equivalent  to*  2-11  per  cent.;  0-2081  gram 
of  the  frangulin  thus  dried  gave  on  combustion  0*4669  gram 
CO,  and  00994  gram  HjO. 

IV.  0-2041  gram  of  frangulin,  after  drying  at  120°  until  constant, 
became  01997  gram,  a  loss  equivalent  to  216  per  cent.,  and 
then  on  combustion  gave  0*4485  gram  CO,  and  0*0950  gram 
H,0. 

y.  0*2540  gram  of  frangulin,  after  dryings  at  120°  until  constant, 
became  0*2485  gram,  a  loss  equivalent  to  2*17  per  cent.,  and 
then  on  combustion  gave  0*5567  gram  of  CO,  and  0*1176  gram 
of  water. 

Percenittge  Composition  of  Frangulin. 
(Preparation  B  twice  recrystallised  from  alcohol.) 

III.  IV.  V. 

C 6119  61-25  61*10 

H 5*31  5*29  5*26 

B  2 


Digitized  by  VjOOQIC 


48  THORPE  AND  ROBINSON:  FRANQULIN. 

Another  meihod  of  purifying  it  for  analysis  was  next  tried,  and  still 
tbe  results  proved  to  be  the  same  as  before.  Portions  of  preparations 
A  and  B,  and  of  B  recrystallised,  were  mixed  and  warmed  with  ether, 
but  not  dissolved;  filtered  and  washed  with  ether;  then  crystallised 
from  alcohol  and  washed,  first  with  ether  and  then  with  alcohol.  Two 
analyses  were  made  of  the  frangnHn  thus  preparod. 

VI.  0-1543  gram  of  frangulin,  after  drying  at  120**  until  constant, 
lost  0*0033  gram,  equivalent  to  214  per  cent.  0*1501  of  the 
frangulin  thus  dried  g»ive  on  coml)U8tion  0^3366  gram  of  COs 
and  0*0721  gram  of  H,0. 

YII.  0*1998  gram  of  frangulin,  after  drying  at  120^  until  comtant, 
lost  0*0055  gram,  equivalent  to  2*75  per  «ent.  0*1939  of  the 
frangulin  thus  dried  gave  on  combustion  0*4346  gram  of  CO* 
and  00920  gram  of  H,0. 

(Preparations  A  and  B  mixed,  treated  withather,  and  secrycriAllised.) 

VI.  vn, 

C 61*16  61*16 

H. 5-84  5*27 

Oollecting  these  analyses  together  and  "taking  the  mean,  it  will  be 
seen  that  -they  are  quite  •ooncosdant,  and  agree  with  the  formula 

CttHjjOg — 

Peroeiitage  Khmj^siiion  of  Fpangulm. 

Oalculfttod 
for 
I.         OEI.       III.      IV.        V.        VI.      Vn.       M«aA.     C^mO.. 

C  ..  61*'4r4 '6113  61*19  61*25  61*10  61*16  61*16  61*20  61-40 
H..  5*37  5*22  5*31  5*29  5*26  5*34  5-27  5*29  5*11 
O..        —       —       __       —       __       33-51      33*49 

100-00    100*00 

Schwabe  found,  as  a  mean  of  five  analyses,  the  figures  given  below 
and  assigns  to  frangulin  the  formula  CtiHwOs — 

Oalcol&ted  for 
Mean.  O31H90O,. 

C 6038  60*57 

H 5*32     .  4*80 

O 3430  34*63 

10000  100*00 

It  will  be  noHced  that  the  mean  of  Schwabe'fl  analyses  differs  con- 
siderably from  tibat  of  our  analyses.     The  disparity  may  perhaps  be 
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dne  to  a  diffeienoe  in  fcke  way  of  diyiiig^;-  out  frangaCn  was  in  every 
case  dried  at  120^  till  oonstanty  losing  about  2'  per  cent,  in  the 
process.  Sohwabe  remarks  that,  on  dryings  frangulin  lost  no  water 
of  crystallisation,  but  does  not  state  at  wiuvt  temperatare  he  dried  it. 
If  onr  frangulin  bad  contained  1|  per  cent,  of  water  when  analysed, 
the  figures  would  bave  been  carbon  60*28;  and^  Hydrogen  5*38,  which 
are  very  close  to  those  el^tained  hj  Schwabe* 

The  Fredmtt  of  me  Hydrohjsis  SoTuhVe  in  Water. 

In  order  to  determiDe  the  nature  of  the*  product  soluble  in  water 
obtained  by  the  hydrolysis  of  frangulin,  the  filtrate  from  the  emodin 
obtained  in  bydrolysiB  I  was  concentrated  to  a  small  bulk,  and  it  was 
heated  with  the  addition  of  sodium  acetate,  phenyihydrazine  hydrochlo- 
ride, and  water,  and  evaporated  to  dryness.  The  residue  was  treated 
with  water,  when  a  brown  substance  remained  undissolved,  and 
wa»  collected;  tbis  proved  to'  be  insoluble  in  hot  water,  bat  dis- 
solved in  alcohol^  eo  diluting  tbe  alcoholic  solution,  an  orange* 
yeDow  precipitate  with  a  brownish  tinge  separated,  this  was  collected 
and  dried,,  and  its  melting  point  found  to»  be  about  158^.  Some 
phenylgluoosazone'  was  prepared  for  comparison,  and  was  found  to 
be  quite  different  from  the  osazone  of  tbe  product  from  frangulin. 
The  product  in  question  is  undoubtedly  not  glucose. 

Owing  to  the  small  quantities  of  frangulin  hydrolysed,  our 
attempts  to  isolate  tbe  product  from  tbe  filtrates  obtained  in  tbe 
other  bydrolyses  were  unsuocessf  al. 

Condtuiotn. — The  resulta  arrived  at  aire  s — 

1.  That  frangulin  is  a  ^ucoside  of  the  formula  Cn^nOg,  the  term 
glucoside  being  used  in  its  wider  sense  as  including  substances  whicb 
on  hydrolysis  yield  products  capable  of  reducing  Febling's  solution. 

2.  That  the  prodacts  of  its  hydrolysis  are  emodin,  identical  with 
the  emodin  of  rbubarb,  and  a  compound  whieb  reduces  Fehling's 
solution,  but  which  is  not  glucose. 

As  the  yield  (67*6  per  cent.)  of  emodin  on  hydrolysis  was  bigher 
than  tbe  theoretical  amount  (62*8  per  cent.)  whicb  CnHnOg  should 
yields  it  was  imaginable  tbat  the  formula  was  really  CtiHaoOg,  and 
that  the  higher  percentage  of  carbon  obtained  was  due  to  the  presence 
of  free  emodin  as  an  impurity;  but  this  view  was  discarded,  firstly, 
because  tbe  presence  of  10  per  cent,  of  fr^e  emodin  would  be 
required  to  raise  the  carbon  from  60*58  to  61*20,  and  this  could 
Bcarcelj  be  present  in  each  of  the  four  samples  tbat  bad  received 
different  treatment  yet  gave  concordant  figures;  and,  secondly, 
because  the  presence  of  10  per  cent,  of  emodin  would  have  made  the 
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hydrogen  4*70  per  oeni.,  an  amount  differing  widely  from  the  5'2d 
per  cent,  obtained* 

We  are  engaged  in  preparing  larger  qnantities  of  frangnlin  with  a 
view  of  redetermining  the  yield  on  hydrolysis  and  of  identifying  the 
soluble  product ;  but  as  we  are  unable  io  continue  the  investigation 
together  we  are  new  communicating  this  section  to  the  Society, 
and  the  subject  ^will  be  continued  by  one  of  us. 


•  VII. — The  Action  of  Ohlorofonn  and  Alcoholic  Potash  9n  Hyd/roMvnes. 

(Part  III.) 

By  &  BuHEMANN,  Ph.D.,  M.A. 

It  has  been  previously  shown  that  the  action  on  phenylhydnusine  of 
the  agents  mentioned  in  the  title  gives  rise  to  the  formation  of  a 
basic  substance  which  is  to  be  regarded  as  a  diphenyl-derivative  of 

tetra^ine^  ^"^NH«CH^^'     ^^®  application  of  the  reaction  to  homo- 

logues  of  phenylhydrazine  has  resulted  in  the  formation  of  homo- 
logues  of  diphenyltetrazine,  and  it  is  to  the  desoriptioB  of  several 
of  these  compounds  that  this  paper  will  be  devoted. 

FaflraditolylietTaeine, 

In  the  previous  paper  (Trans.,  1889,  242),  although  diphenyl- 
letrazine  was  the  chief  subject  of  study,  it  was  mentioned  that  a 
ditolyltetrazine  coald  be  prepared  from  paratolyl hydrazine.  I  have 
subjected  this  substance  to  a  closer  study,  and  have  found  that  it  is 
a  weaker  base  than  diphenyltetrazine,  but  that,  like  the  latter,  it 
dissolves,  although  with  difficulty,  in  boiling  hydrochloric  acid,  from 
which,  on  cooling,  slender,  white  needles  of  the  hydrochloride  are 
deposited.  These  are,  however,  very  unstable,  and,  on  drying  over 
potash  and  sulphuric  acid,  continually  lose  hydrogen  chloride.  This 
circumstance  explains  the  discrepancy  which  will  be  observed  in  the 
following  numbers : — 

Found. 
Calculated  for  f        ^-      ^^ 

C„H„N4,H0L  I.  11. 

CI 11-81  10-76        ll-O 

Paraditolyltetrazine  combines  with  1  mol.  of  methyl  iodide,  when 
it  is  heated  with  a  solution  of  the  iodide  in  methyl  alcohol  at  a 
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temperaiare    of   lOO"*,    and    yields    a    methiodxde    of    tHe    formula 
CicHioNiyCHsI,  as  shown  by  the  analysis  : — 

Calculated.  Found. 

I 31-28  3116 

N 13793  1400 

This  compound  is  sparingly  soluble  in  boiling  water,  and  crystal- 
lises from  the  aqueous  solution  in  colourless  needles  which  melt  at 
242^ 

NitroparadUolyUeirazine  is  formed  by  adding  fuming  nitric  acid  to 
the  solution  of  the  tetrazine  in  acetic  acid,  and  is  thrown  down  by 
water  as  a  yellow  precipitate  which  is  easily  soluble  in  glacial  acetic 
acid  and  in  alcohol,  and  crystallises  from  methylated  spirit  in  orange 
needles  which  melt  at  144^. 

The  formula,  Ci8Hi6(N03)Ni,  requires — 

Found. 


Theory.                       I.  II. 

C 6214  62-5  — 

H 4-85                      50  — 

N 22  65  —  2275 

The  formation  of  a  nitro-compound,  so  readily  soluble  in  acetic 
acid  and  with  such  a  low  melting  point  as  compared  with  that  of  nitro- 
diphenyltetrazine  (above  300°),  led  me  to  repeat  this  experiment; 
but  I  arrived  at  the  same  result.  There  is  only  one  nitro-derivative 
formed. 

I,  therefore,  reinvestigated  the  action  of  nitric  acid  on  diphenyl- 
tetrazine,  and  found  that  besides  the  nitro-derivative  already  described, 
there  is  formed  another  which  is  easily  soluble  in  acetic  acid  or 
alcohol,  and  crystallises  from  the  latter  in  yellowish-red  needles  which 
melt  at  145 — 146°.  A  nitrogen  determination  proved  this  substance 
to  be  an  isomeric  nitrodiphenyltetrazine.  The  formula,  Ci4Hii(NOj)N4, 
requires: — 

Theory.  Found. 

N 24-91  24-98 

The  action  of  bromine  on  paraditolyltetrazine  results  in  the  forma- 
tion of  two  bromine-derivatives.  On  adding  bromine  to  the  solution 
of  the  tetrazine  in  glacial  acetic  acid,  a  white,  crystalline  precipitate 
separates  which,  when  recrystallised  from  the  same  solvent  or  from 
boiling  alcohol,  forms  needles  melting  at  245*"  with  decomposition.  A 
nitrogen  determination  of  this  sabstance  proved  it  to  be  a  dibromo^ 
faraditclyUetragitie.    Its  formula,  GisHiiBr^N'i,  requires — 


Digitized  by  VjOOQIC 


52  RUHEMANK:  THE  ACTION  OF  CHLOROFORM 

Theoiy.  Found. 

N 13-27  13-67 

Besides  this  bromine-derivative,  another  is  also  formed,  whicli 
remaiDS  dissolved  in  the  acetic  acid  after  the  first  has  separated  oat, 
bnt  can  be  precipitated  from  it  by  water.  It  is  extremely  soluble  in 
alcohol,  and  crystallises  from  dilute  spirit  in  colourless,  slender 
needles  which  melt  at  81°.  Lack  of  material  prevented  me  from 
analysing  this  substance ;  but  from  analogy  to  the  action  of  bromine 
on  diphenyltetrazine,  it  is  probable  that  the  compound  melting  at  81* 
is  an  isomeric  dibrominated  substitution-product. 


OrthodiiotyUetragine. 

This  is  prepared  by  a  method  similar  to  that  which  yields  the 
other  tetrazines ;  but  in  this  case  it  is  necessary  to  take  the  precau- 
tion of  adding  the  alcoholic  potash  to  the  solution  of  the  hydrazine 
and  chloroform  in  spirit  very  gradually ;  warming  only  slightly  until 
the  reaction  begins,  or  else  the  hydrazine  suffers  complete  decomposi- 
tion, and  a  brown,  viscid  mass  is  formed.  The  product  of  the 
reaction  was  treated  as  in  the  other  cases,  namely,  after  dilution  with 
water  it  was  shaken  with  ether,  the  unaltered  hydrazine  removed 
from  the  ethereal  solution  by  dilute  sulphuric  acid,  and  the  ether 
evaporated.  A  brown  oil  was  then  left,  and  from  this,  after  some 
time,  crystals  separated;  these  are  readily  soluble  in  alcohol,  and 
crystallise  from  it  in  slightly  coloured  plates.  This  substance  is 
orthodiiolylteirazine.  For  complete  purification,  it  was  found  advisable 
to  transform  it  into  the  hydrochloride  and  to  decompose  this  by 
boiling  with  an  aqueous  solution  of  ammonia.  The  tetrazine  is  thus 
obtained  in  colourless  crystals  which  melt  at  141 ''• 

The  following  numbers  correspond  with  the  formula — 

Found. 
Theory  for  ^ * ^ 

c,.Hi.N4.  I-  n. 

C 72-73  72-704  — 

H 606  6-09  — 

N 21-21  —  21-32 

This  formula  was,  moreover,  verified  by  the  determination  of  the 
molecular  weight,  and  by  the  study  of  its  behaviour  towards  nitric 
and  sulphuric  acids. 
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A  molecnlar-weigkt  deierminaiioii  by  Baonlt's  method  gave  the 
following  result : — 

Weight  of  substance 0'4104  grams. 

„         acetic  acid 239212      „ 

Freezing  point  of  acetic  acid. . .  •  14*60°  C. 

„  mixture 14'86  „ 

Depression  of  freezing  point ....        0*26  „ 
Molecular  weight   derived    from 

the  above  data 258 

Theory  for  Cx»HmN4 264 

Orthoditoljitetrazine  is  dissolved  by  boiling  hydrochloric  acid,  and 
ihe  solution  on  cooling  deposits  white  needles  of  the  hydrochloride 
which,  when  dried  at  100*,  lose  hydrogen  chloride,  but  may  be  dried 
over  sulphuric  acid  and  potash  without  suffering  decomposition — as 
shown  by  the  analysis,  which  gave  : — 

Calculated  for 

Ci5HieN4,H01.  Found. 

CI   11-81  11-61 

N 18-64  1877 

Orthoditolyltetrazine  also  combines  with  1  mol.  of  methyl  iodide 
when  the  two  are  heated  together  in  methyl  alcohol  solution  at  lOO"* 
for  a  few  hours.  If  the  solution  is  evaporated  on  the  water- bath  and 
the  residue  dissolved  in  boiliiig  water,  white  nodules  crystallise  out  on 
cooling:  these  melt  at  198*  and  turn  slightly  yellow  on  drying 
at  100*. 

Tbe  following  numbers  correspond  to  the  formula  Ci8HieN4,CH8l : — 

Theory  for 

C17H19N4I.  Found. 

N 13-79  13-93 

I  31-28  30-74 

The  action  of  sulphuric  acid  on  orthoditolyltetrazine  gives  rise  to 
a  sulpJionic  acid;  this  is  obtained  on  warming  the  base  with  con- 
centrated sulphuric  ftcid,  when  it  dissolves.  On  adding  water,  a 
slightly  bluish  precipitate  is  thrown  down,  which  is  sparingly  soluble 
in  boiling  water,  and  on  cooling  crystallises  in  colourless  prisms 
whicb  are  free  from  water  of  crystallisation,  and  gave  on  analysis 
values  corresponding  to  the  formula  CwHiftNi'HSOj : — 

Theory.  Found. 

S 9-3  915 

N 16-28  16-56 
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On  adding  faming  nitric  acid  to  the  solution  of  the  tetrazine  in 
glacial  acetic  acid,  crystals  are  deposited  after  a  short  time  which  are 
sparingly  soluble  in  alcohol,  and  crystallise  from  it  in  yellow  needles 
melting  at  206— 207^ 

Analysis  shows  this  compound  to  be  a  Tnononitro-derivative  of 
orthoditolyltetrazine.     The  formula,  Ci«Hi5(NOj)N4,  requires — 

Found. 

Calculated  for  ^ ^ n 

CieHisNjOj.  I.  II. 

C 6213  61-873  — 

H 4-85  4-91  — 

N 22-65  —  22-80 

Whilst  the  formation  of  tetrazines  from  phenylhydrazine  and  para- 
tolylhydrazine  is  accompanied  by  that  of  the  formyl-derivatives  of 
the  corresponding  hydrazines,  formylorthotolylhydrazine  could  not 
be  obtained  by  the  isonitrile  reaction ;  it  is,  however,  easily  pre- 
pared by  heating  orthotolylhydrazine  with  formamide  in  an  oil-bath 
at  about  120°  until  ammonia  ceases  to  be  evolved.  The  product  of 
the  reaction  solidifies  on  cooling  and  crystallises  from  water  in 
colourless  plates  melting  at  120"^ ;  these  on  analysis  gave  numbers 
corresponding  to  the  formula  CHa'CeH^-NH-NH-OHO  [CH,:NH 
=  1:2]:- 

Found. 

Calculated  for  ^ • » 

CsHioNjO.  I.  II.  III. 

C 640  64-2  —  — 

H 6-67  6-87         —  — 

N 18-67  —         18-53        18-80 

Although  the  preceding  researches  are  in  themselves  sufficient  to 
show  that  in  general  the  action  of  chloroform  and  alcoholic  potash  on 
phenylhydrazine  and  its  homologues  gives  rise  to  substituted  tetr- 
azines, yet  1  thought  it  desirable  to  apply  this  reaction  to  a  still 
higher  member  of  the  primary  hydrazines.  I  have  chosen  pseudo- 
cumylhydrazine. 

Pieudooumylhydrazine. 

This  compound  has  already  been  obtained  by  Haller  (Berichte,  18, 
89)  by  the  method  described  by  E.  Fischer  (Anncden,  190,  67)  for 
the  preparation  of  phenylhydrazine.  1  can  confirm  Haller's  sl'ate- 
ment  that  pseudocumylhydrazine  cannot  be  prepared  according  to 
v.  Meyer  and  Lecco's  method  (Berichte,  16,  2976),  as  on  mixing  the 
stannous  chloride  and  diazo-solution  evolution  of  nitrogen  takes  place, 
and  a  tarry  product  is  formed. 
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PseudoeumjlliydTaziiie  is  sparingly  soluble  in  ether  and  decom- 
poses readily.  Before  applying  the  isonitrile  reaction  to  this  base  I 
have  subjected  it  to  a  closer  study  with  the  object  of  characterising 
it  by  some  derivatives. 

Acetylpgeudocumylhifdraaine. — ^Acetic  anhydride  acts  on  the  hydr- 
azine with  development  of  heat.  The  reaction  was  completed  on  the 
water-bath  and  the  product  recrystallised  from  boiling  water.  It 
forms  colourless  plates  which  are  readily  soluble  in  alcohol  and  melt 
at  156 — 157**.  When  submitted  to  analysis,  it  gave  numbers  corre- 
sponding to  the  formula  C,H,(CH,)s-NH-NH-C0-CH3  :— 

Found. 

Theory  for  > * . 

0«H,8N,O.  i.  II. 

C 6875  68-57  — 

H 8-33  8-41  — 

N 14-57  —  14-60 

PseudocumyUemicarbaaide  is  formed  by  adding  an  aqueous  solution 
of  potassium  cyanate  to  a  solution  of  the  hydrazine  hydrochloride  in 
water.  The  precipitate  thrown  down  is  sparingly  soluble  in  water, 
but  readily  in  alcohol,  and  crystallises  from  the  latter  solvent  in 
colourless  needles  which  melt  at  195^. 

The  formula,  CflHa(CH,)8-NH-NH-C0-NHa,  requires:— 

Found. 

Theory  for  . « . 

CioHnNjO.  t.  II, 

C   6217  61-93  — 

H 7-77  7-78  — 

N 21-76  —  21-97 

Benssylidene-pseudocumylhydraziney  C«H,(CHs)8'NH-NICH«C6H4,  pre- 
pared from  the  hydrochloride  of  the  hydrazine  in  the  usual  manner, 
crystallises  from  alcohol  in  coloured  needles  which  decompose  at  100° 
and  also,  after  some  time,  at  the  ordinary  temperature. 

A  nitrogen  determination  of  this  substance  dried  in  a  vacuum  over 
sulphuric  acid  gave — 

Calculated  for 

CieHisN,.  Found* 

N 11-76  12-0 

Pseudocumylhydrassine-pyrumc  add^ 

c.h,(ch8)3NH-n:c(ch,)-cooh, 

On  adding  pyruvic  acid  to  an  aqueous  solution  of  the  hydrazine 
hydrochloride,  a  lemon-yellow,  flocculent  precipitate  is  at  once  thrown 
down  which  is  soluble  in  alcohol  and  crystallises  from  it  in  yellow 
needles  meltiug  at  148°  with  decomposition. 
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The  formiLla,  CuHieNtOa,  reqiiirea— 

Found. 
i * ^ 

Theory.  I.               11.  III. 

C 66-45  65-20          —            — 

H 7-27  7-36          —            — 

N 1273  —  12-69  1297 

Pseadocamylhydrazine,  when  treated  with  diloroform  and  alcoholic 
potash  in  the  manner  previooslj  described,  yields  a  eompoand  which 
is  very  sparingly  soluble  in  alcohol  but  readily  in  boiling  glacial 
acetic  acid,  and  crystallises  from  the  latter  in  yellow  needles  which 
melt  at  234".  This  substance  is,  without  doubt,  dvpseMdocwmijU 
tetraaine, 

I  hope  to  communicate  to  the  Society  the  results  of  the  further 
study  of  this  tetrazine  in  another  paper*. 

I  may  here  mention  that  I  have  already  begun  to  study  the  action 
of  chloroform  and  alcoholic  potash  oiv  other  deriyatives  of  phenyl- 
hydrazine.  In  a  note  published  recently  in  conjunction  with  F.  F. 
Blackman  (Trans.,  1889,  612)  it  was  stated  that  the  above-mentioned 
reagents  do  not  yield  the  corresponding  tetrazine  with  benzophenyl- 
hydrazine.  1  have  since  then  applied  the  isonitrile  reaction  to  para- 
bromphenylhydrazine.  When  this  hydraaine,  which  has  been  described 
by  Neufeld  (AnncUen,  248,  94),  is  treated  with  alcoholic  potash  and 
chloroform  it  yields,  after  renuwal  of  the  unaltered  hydrazine,  a  crys- 
talline residue.  Hot  water  extracts  from  it  a  substance  which,  when 
repeatedly  recrystallised  from  boiling  water,  can  be  obtained  in 
colourless,  irridescent  needles  melting  at  198°.  Analysis  of  this 
compound  proved  it  to  be  formyl-parabromophenylhydrazine. 

Its  formula,  CH^Br-NH-NH-CHO  [Br  :  NH  =  1  :  4],  requires  :— 

Found. 

Theory  for  /  ■    * v 

CyH^NjOBr.  I.  II.  m. 

N 13-02  13-44        18-19  — 

Br 37-2  —  —  3712 

The  formyl-compound  is  the  chief  product  of  the  isonitrile  i*eac- 
tion  on  parabromophenylhydrazine,  but  along  with  it  a  substance  is 
formed  which  decomposes  so  readily  that  hitherto  I  have  been  pre- 
vented from  analysing  it.  I  shall,  however,  repeat  this  experiment, 
and  hope  to  lay  the  result  before  the  Society  in  my  next  communi- 
cation. 

University  Laboratory, 

Cambridge, 
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VIIL — Noie  on  the  Identity  of  Gercbrose  and  Ocdaciose. 

By  Horace  T.  Beowk,  F.R.S.,  and  G.  Hjlbbis  Mobbis,  PhD.,  F.T.C. 

Ik  a  reoent  nninber  of  tlie  Zeitschrifi  fur  physiohgische  Chemie  there 
is  a  paper  by  H.  Thierfelder,  showing  the  identity  of  the  brain-sngar, 
cerehrose,  with  the  we]l-known  carbohydrate,  gcdadose  (Zett,  physioL 
Ghem.f  14,  209).  Cerebrose  was  first  described  by  Thndicham  (see 
Annals  of  Chem.  Medicine,  2,  209 ;  also  Treatise  on  the  Chemical  Con- 
st UuHon  of  the  Brain,  p.  143),  who  fonnd  it  amongst  the  products  of 
the  long  continued  action  of  dilute  sulphuric  acid  at  130^  upon  certain 
nifcrogenised  constituents  of  the  brain. 

It  is  a  ciystallisable  sugar,  resembling  milk-sugar  in  its  feebly 
sweet  taste  and  in  the  great  hardness  of  its  crystals,  and  it  is 
described  by  its  discoverer  as  having  a  cupric  reducing  power  equal 
to  about  five-sixths  of  that  of  dextrose,  and  as  giving  in  the  polariser 
a  "  limited  rotation  '*  of  +  70°  40'.  On  analysis,  numbers  were 
obtained  consistent  with  a  formula  of  CsHitOe. 

The  cerelnrose  which  was  employed  by  Thierfelder  (loc.  cU,)  was 
obtained  from  cerehrin  by  the  action  of  dilute  sulphuric  acid  at  high 
temperatures.  It  was  found,  on  oxidation  with  nitric  acid,  to  yield 
mucic  acid,  just  as  does  galactose ;  and  in  its  melting  point,  specific 
rotatory  power,  and  cupric  reducing  power,  gave  numbers  so  closely 
in  accord  with  those  obtained  with  galactose,  that  there  can  be  no 
doubt  as  to  the  identity  of  the  two  sugars. 

In  the  early  part  of  last  year  (1888),  whilst  we  were  engaged  on 
the  determination  of  the  molecalar  weights  of  the  carbohydrates  by 
Baoult's  freezing  method.  Dr.  Thudichum  was  good  enough  to  place 
in  our  hands  for  examination  a  specimen  of  cerebrose,  which  he  had 
prepared  some  years  previously  from  pure  phrenosin.  We  made  a 
careful  examination  of  its  properties,  and  proved  to  our  complete 
satisfaction  that  it  was  galactose.  Although  we  have  but  few  new 
facts  to  add  to  the  very  complete  work  of  Thierfelder,  it  seems  worth 
while  to  place  on  record  the  independent  proof  of  the  identity  of  the 
two  sugars,  especially  as  fche  specimen  we  have  examined  is  the  one 
described  by  Thudichum  in  his  first  notice  of  cerebrose. 

Specific  Rotatory  Fower, 
(6*6198  grams  cerebrose  per  100  c.c.) 

(1)  Wi  8?'46'  =  [«]d  78'93°  at  16°€. 

(2)  t*i-  86-78   =  Wd  78'32  at  21^*,^ 
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Specific  BotcUory  Power  of  galactose. 

Wd  80-66°  at  18^0. 
[«]d  79-98  at  21  „ 

Ovprie  Reducing  Power. 
(Strength  of  solution,  5*6198  grams  cerebrose  per  100  c.c.) 

(1)  0'1124i  gram  cerehroae  redaced  •  •     0*24145  gram  GuO. 

(2)  0-1686  „  „      ..     0*36273  „ 

(1)  r  =  97-42 

(2)  K  =  97-57 
Oalactoae  k  =  93*01 

The  cerebrose  nsed  in  the  above  determinations  was  not  recrystal- 
lised  by  ns,  and  the  slight  divergence  of  the  above  numbers  from 
those  of  galactose  is  probably  aoconnted  for  by  the  presence  of  a  little 
dextrose^  which,  from  an  examination  of  the  nncrystallisable  mother- 
liqnor  (also  handed  to  ns  by  Dr.  Thndichnm),  we  have  reason  to 
believe  is  formed  in  the  hydrolysis  of  phrenosin  together  with  the 
cerebrose. 

We  have  prepared  the  phenylhydrazine-oomponnds  of  cerebrose 
and  of  galactose  under  identical  conditions,  and  find  their  melting 
points  as  follows : — 

Phenylcerebrosazon,  m.  p.  142^ 
Phenylgalactosazon,  m.  p.  146 

Thierfelder  found  a  much  higher  melting  point  than  the  above,  but 
this  is  probably  accounted  for  by  the  fact  that  galactose  yields,  just 
as  some  of  the  other  sugars  do,  several  compounds  of  this  nature. 
Our  results  agree  in  this  important  point,  that  when  treated  under 
similar  conditions  cerebrose  and  galactose  yield  phenylhydrazine- 
compounds  having  identical  melting  points. 

Molecular  Weight  of  Cerebrose  determined  by  Eaoulfs  Freezing  Method, 


Freesing  point  of  water  used,  0-085*. 
Strength  of  solntion,  5*6198  grams  cerebrose 

in  96*58  grams  water. 

E. 
-0-570 
-0-570 

C.                     A. 
0-655            0-112 
0-655            0-112 

M. 

170 
170 

A    

M  

Caleulated  for 
C,H„0,- 

0-106 

180-0 

Fonnd. 
0-112 
170-0 
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A  comparison  of  the  microscopical  appearance  of  the  crystals  of 
cerebrose  and  of  galactose  indicates  beyond  donbt  the  identity  of 
crystalline  habit. 


IX. — Ardbinon,  the  Saccharon  of  Arahinose. 

By  C.  O'SuLLivAH,  F.R.S. 

Amokqst  the  products  of  the  action  of  snlphnric  acid  on  arabic  acid 
(Trans.,  1884,  45,  55),  I  indicated  the  presence  of  a  compound  which 
I  named  «-arabinoBe,  and  of  which  I  said  "  the  optical  activity  most 
be  well  above  [a]j  =  140®."  Whilst  working  with  the  dextro-rotatory 
gnms  (Gedda  gnm),  I  frequently  noticed  that  the  sugar  syrups  had 
a  higher  optical  activity  than  arabinose,  the  /^-arabinose  of  the  above 
paper,  thus  indicating  the  presence  of  a  substance  of  high  rotatory 
power.  It  often  happened,  however,  that  there  was  little  or  no 
evidence  of  the  presence  of  this  compound,  and  this  frequently  under 
conditions  such  as  I  thought  warranted  me  to  expect  it  in  greatest 
quantity.  There  were  here,  then,  evidently  some  circumstances,  a 
knowledge  of  which  could  only,  if  at  all,  be  arrived  at  by  a  study  of 
the  substance  itself. 

A  25  per  cent,  solution  of  geddic  acid  (an  acid  obtained  from  Gedda 
gum,  which  I  shall  describe  in  a  future  communication)  was  heated 
to  boiling,  and  2  per  cent,  of  sulphuric  acid  added,  this  having  pre- 
viously been  diluted  with  4  or  5  volumes  of  water.  At  the  end  of 
15  minutes'  digestion  the  solution  was  cooled,  and  alcohol,  sp.  gr.  0*830, 
added  as  long  as  a  precipitate  was  thrown  down.  When  the  super- 
natant liquid  became  clear,  it  was  decanted  off  and  the  acid  neutralised 
with  strong  baryta- water.  The  sulphate  and  other  salts  of  barium 
were  filtered  off  and  the  alcoholic  liquid  evaporated  to  a  syrup  in  a 
vacuum ;  from  this,  arabinose  crystallised  out,  and  a  further  crop  was 
obtained  from  the  mother-liquor  by  the  addition  of  a  little  dry  methyl 
alcohol. 

Ethyl  alcohol,  sp.  gr.  0*820,  was  added  to  the  methylic  mother  liquor 
until  a  slight  precipitate  formed ;  this  contained  a  trace  of  barium,  and 
if  sufficient  alcohol  had  been  added  and  the  original  syrup  was 
sufficientlj  free  from  water,  the  alcoholic  solution  would  be  fairly  free 
from  that  metal.  The  clear  alcoholic  liquid  was  decanted  off  and 
ether  added  as  long  as  a  precipitate  formed.  An  examination  of  this 
syrupy  precipitate  showed  that  it  did  not  contain  barium,  and  that  it 
was  not  acid,  demonstrating  the  absence  of  a  gum  acid ;  and  that  the 
solid  matter  it  contained  had  an  optical  activity  of  [aJd  =  1G3''. 
This  syrup  was  dissolved  in  a  little  mothyl  alcohol  and  allowed  to 
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stand  for  some  months ;  the  solution  showed  no  sig^  of  crjstallisatibn ; 
hence  I  determined  to  make  such  an  examination  of  the  substance  as 
was  possible  under  the  circumstance. 

Ethyl  alcohol,  sp.  gr.  0*820,  was  added  to  the  methylic  solution ;  a 
large,  syrupy  precipitate  was  first  formed,  but  further  addition  of  the 
solvent  partly  redissolved  it ;  the  precipitate  was  allowed  to  settle 
and  the  clear  supernatant  liquid  poured  ofE.  This  precipitate  is 
fraction  a.  Ether  was  added  to  the  clear  liquid  until  a  quantity  of 
precipitate  was  obtained,  estimated  as  one- third  of  the  whole  matter 
in  solution ;  this  was  allowed  to  settle,  it  is  fraction  b.  A  further 
addition  of  ether  to  the  clear  supernatant  liquid  yielded  another  pre- 
cipitate, fraction  c.  The  optical  activity  of  these  three  fractions  was 
determined  with  the  following  results  : — 

Fraction  a  gave  [osJd  =  187*2 
„  h  „  [«]d  =  188*9 
»       c      „    Wd  =  187*6 

Hence,  a  large  quantity  of  a  substance  of  lower  rotating  power  was 
eliminated,  and  we  have  in  these  three  fractions  the  compound  in  a 
state  of  moderate  purity.  A  determination  of  the  cupric  reducing 
power  was  made.  2*261  grams  of  solution  of  a  sp.  gr.  1*01426  gave 
0*113  gram  CuO ;  from  this  K  =  62*1.  The  quantity  of  substance 
in  solution  in  this  case  and  in  the  determination  of  the  specific 
rotatory  power  was  estimated  on  the  supposition  that  10  grams  of 
the  substance  in  100  c.c.  of  solution  gives  a  sp.  gr.  of  1*0385.  The 
true  factor  will  have  to  be  determined  later. 

The  three  fractions  were  again  mixed,  and  the  solution  evaporated 
in  a  vacuum  to  a  syrup.  This  was  taken  up  with  methyl  alcohol,  a 
small  fraction  taken  out  by  adding  strong  ethyl  alcohol,  and  then 
ether  added  as  long  as  a  precipitate  formed.  The  optical  activity  of 
the  solid  matter  in  this  Byrup,  determined  as  above,  was  found  to 
be  [a]D  =  192*5.  A  further  quantity  of  low  rotating  substance  was 
therefore  eliminated  by  this  fractional  precipitation.  No  trace  of 
crystallisation  appeared  in  this  syrup  or  in  its  solution  in  dry  methyl 
alcohol  after  standing  for  some  weeks.  I  had,  therefore,  to  try  to 
further  purify  the  substance  by  fractional  precipitation  after  the 
manner  already  described.  Proceeding  in  this  way,  I  at  last  obtained 
a  fraction,  of  which  the  specific  rotatory  power  was  [«]d  =  196*7,  with 
a  c  =  57*3.  Considering  the  number  of  fractionations  and  the  slow 
increase  of  optical  activity  and  slight  diminution  in  copper  oxide  re- 
ducing power,  this  fraction  may  be  looked  upon  as  a  pure  compound, 
as  pure  as,  indeed,  it  is  possiblfj  to  get  it  in  the  absence  of  crystallisa- 
tion. We  may  therefore  safely  proceed  to  the  closer  examination  of 
its  characters  and  properties. 
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The  Bjmp  was  dried  in  a  vacaam  over  snlphnric  acid,  and  then 
at  a  temperature  grradnallj  increasing  to  75— -80°  nntil  the  weight 
became  constant.  In  this  waj  a  fused,  glassj  mass  was  obtained, 
which,  on  cooling,  solidified  to  a  brittle  glass.  On  pulverisation, 
this  yielded  a  white,  highly  hygroscopic  powder.  A  portion  of 
the  powder  was  taken  and  again  gradually  dried  at  55^  in  a 
current  of  dry  air  under  a  pressure  of  165 — 200  mm.  of  mercury. 
When  the  temperature  was  raised  to  70 — 75°,  the  substance 
fused.  The  weight  became  constant  at  55°  at  the  pressure  and 
under  the  circumstances  indicated.  2*594  grams  of  dry  substance 
gave  100  c.c.  of  solution  of  sp.  gr.  1  01022,  and  this  solution,  in  a 
200  mm.  tube,  had  an  optical  activity  «i>  =s  +  10'3*.  From  these 
observations  we  find  that  a  solution  containing  1  gram  dry  substance 
in  100  c.c.  has  a  sp.  gr.  of  1  00394 — reasoning  from  analogy,  the 
amount  of  this  substance  in  any  solution,  up  to  a  sp.  gr.  of  1  04500 
at  least,  can  be  calculated  with  practical  accuracy  by  employing  this 
factor — and  that  the  specific  rotatory  power  of  the  compound  is 
[,]d  =  +  198-5°.  8-203  grams  of  a  solution  sp.  gr.  102554  yielded 
on  usual  treatment  0*262  gram  GuO ;  hence  the  cupric  reducing  power, 
or  jc  is  58*8,  that  is,  100  parts  of  it  reduce  as  much  copper  as  58*8 
parts  of  dextrose. 

4'938  grams  of  dry  substance  were  digested  at  100°  for  30  minutes 
with  20  c.c.  of  2  per  cent,  sulphuric  acid.  The  acid  was  separated 
with  baryta- water,  and  the  filtrate  from  the  barium  sulphate  made 
up  to  100  c.c.  with  t)ie  washings  ;  in  testing  for  neutralisation,  there 
was,  of  course,  some  slight  loss.  The  solution  had  a  sp.  gr.  of  1*01995, 
and  in  a  200  mm.  tube  gave  «i)  =  +  11 '25°.  From  this  the  solid 
matter  has  a  specific  rotatory  power  [as]D  =  +  108'6'',  a  number 
closely  agreeing  with  that  of  arabinose.  It  was  evaporated  to  a 
syrup ;  on  standing,  this  solidified  to  a  mass  of  sphenoidal  cryRtals, 
highly  characteristic  of  that  body,  crystallising  under  like  conditions. 
These  were  washed  with  as  little  methyl  alcohol  as  possible,  the 
washings  yielded  a  further  crop  of  crystals,  and  the  mother  liquor 
from  these  again  crystallised  on  evaporation  to  a  syrup.  Over 
70  per  cent,  of  the  material  taken  was  obtained  in  the  two  crops  of 
crystals.  Both  crops  were  mixed,  as  the  crystals  were  identical,  and 
a  solution  was  made  of  them  containing  in  100  c.c.  4*97  grams  uf  dry 
substance;  the  optical  activity  of  this  was  found  to  be  ad  =  +  10*52'' 
in  a  200  mm.  tube,  its  sp.  gr.  1*01914,  and  1*897  grams  of  it  reduced 
0*221  gram  GuO.  From  these  numbers  we  have  1*00385  as  the 
sp.  gr.  of  a  solution  containing  1  gram  in  100  c.c,  [aJD  =  105*8  as 
its  specific  rotatory  power,  and  its  k  =  108*3. 

These  are  practically  the  factors  of  pure  arabinose ;  hence  the  com- 
pound acted  on  by  sulphuric  acid  holds  the  same  relation  to  arabinose 
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us  does  eifher  dextrin  (amjiin)  or  maltose  (arajlon)  to  dextrose 
(amylose).  Is  it  an  " in '*  compound  or  an  ^^ on*'  one?  Arabinose 
has  recently  been  satisfactorily  proved  to  be  CeHjoOs ;  if  the  substance 
with  which  we  are  dealing  is  an  ^'  on  *'  compound,  its  molecule  is 
C,oH,80,(2C«HioOj-H30),  if  an  **t»"  one  it  is  nCsHeO*,  n  being 
considerably  greater  than  2.  !R«aoult*s  method  of  determining  molecular 
weights  seemed  to'be  a  simple  and  an  expeditious  way  of  determining 
the  question.  The  freezing  point  of  a  solution  of  the  substance,  sp.  gr. 
1*02554,  and  consequently  containing  6*466  grams  of  the  dry  substance 
in  100  c.c,  was  0*535°  below  that  of  water ;  thence,  by  Raoult's  law, 

19-7-—,  ,^  . --~r  =239*2,  the  molecular  weight  of  the  substance. 

6*466  X  100  '  ^ 

The  molecular  wefight  of  CioHwOj  is  282-;  hence,  although  the  number 
obtained  is  low,  when  we  consider  that  the  molecular  weight  of  some 
of  the  "  on  "  compounds  comes  out  low  by  Raoult's  method  (Brown 
and  Morris,  Trans.,  1888, 53,  615  ;  Toll  ens  and  Mayer,  Ber.,  21,  1566), 
and  that  the  preparation  may  not  "be  absolutely  free  from  ash,  which 
we  know  materially  affects  the  results,  we  have  sufficient  evidence,  that 
the  compound  belongs  to  the  ^on**  and  not  io  the  " in "  class.  The 
new  substance  is  then  'GioHigOg,  the  saecharon  of  arabinose.  J,  there- 
fore, propose  to  call  it  arahinon :  according  to  the  nomenclature  pro- 
posed  by  Scheibler  (Ber.,  18,  646),  the  compound  would  be  arabinhiose. 
I  prefer  the  vowel  nomenclature,  and,  therefore,  *the  'term  I  propose. 

A  CijHaaOii  sugar  requires — 

C  .  ^ 4211  per  cent. 

H 6*43 

And  a  CioHuGs  compound — 

•C .-      42-58  per  cent. 

H 6*38 

The  difference  m  percentage  of  carl)on  is  sufficieirtly  great  to  be 
apparent  on  determination.  A  comhusTtion  of  arabinon  was  made, 
in  a  current  of  oxygen,  side  lay  side  with  one  of  saecharon  (cane- 
sugar),  in  a  Tike  time  and  under  similar  conditions,  with  the  following 
results : — 

Dry  saecharon  employed,  0*3329  gram ;  found  COj  =  0*514  gram, 

H,0  =  0-198  gram. 
Dry  arabinon  employed,  0*3495  gram ;  found  COg  =  0*541  gram, 
HjO  =  0*205  gram  and  ash  =  0002  gram. 

These  numbers  correspond  to — 

Saecharon.  Arabinon. 

C 4211  p.  c.  42*46  p.  c. 

H 6-61     „  655    „ 
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There  can,  therefore,  be  no  doubt  that  the  formula  of  arabinon  is 

CiaHiaOt. 

If  we  now  turn  to  the  results  obtained  aboye  bj  acting  on  arabinon 
with  snlphuric  acid,  we  find  that  the  observed  increase  due  to  the 
hydrolysis  is  4*9  per  cent.,  or  100  parts  arabinon  yielded  104'9  parts 
arabinose.     The  equation 

CwHwO,  +  H,0  =  2C,H|o05 

Ar»binon.  Arabinoee. 

requires  106*3  parts  arabinose,  a  number  sufficiently  close  to  that 
observed,  when  we  coufiider  that  the  operations  could  not  be  per- 
formed without  some  loss,  to  confirm  the  conclusion  as  to  the  nature  of 
the  compound.  We  have,  therefore,  in  the  new  oomponnd,  arabinon,  a 
sngar  holding  the  same  relation  to  arabinose  that  maltose  dose  to 
dextrose.  I  have  not  yet  succeeded  in  crystallising  it.  In  the  syrupy 
state,  it  dissolves  easily  in  dry  methyl  alcohol ;  from  this,  strong  ethyl 
alcohol,  of  sp.  gr.  0*820,  precipitates  it  partially,  and  an  excess  dissolves 
it.  Ether  throws  it  out  of  this  solution  almost  completely.  The 
highest  specific  rotatory  power  observed  is  [«]©  =  +  202**  (C  =  6*466). 
There  is  apparently  an  increase  with  the  concentration.  Its  «  is  not 
greater  than  58.  If  it  be  considered  that  2  mols.  of  arabinon  red  nee 
9  mols.  CuO,  the  k  would  be  57*5,  and  the  sp.  gr.  of  a  solntion  con- 
taining 10  g^ms  dry  sabstance  in  100  c.o.  is  1*0395.  To  the  taste  it 
is  distinctly  sweet,  and  in  that  respect  it  is  sharp  and  clean  like  sac- 
chanon.  It  is  easily  diff  nsible  through  parchment  paper ;  sulphuric 
acid  readily  hydrolyses  it  to  arabinose.  This  inversion  clearly  explains 
the  irregular  absence  and  presence  of  the  compound  of  high  rotatory 
power  amongst  the  sngar  syrups  obtained  by  the  action  of  sulphuric 
acid  on  the  gfums,  and  points  out  the  direction  to  be  followed  in  order 
to  prepare  it  in  quantity. 

I  have  demonstrated  the  presence  of  arabinon  in  the  syrups  ob- 
tained by  the  modified  action  of  sulphuric  acid  on  arable  acid,  the  chief 
gum  acid  of  all  the  lievorotatory  gums  I  have  hitherto  examined, 
such  as  gum  arabic,  Turkey,  Senari,  Levantine,  and  East  India  gums, 
and  on  the  acids  obtained  from  two  varieties  of  dextrorotatory  gum 
(Gedda  gum). 

In  the  immediate  future  I  hope  to  further  add  to  our  knowledge  of 
arabinon,  and  I  shall  be  disappointed  if  I  do  not  succeed  in  crystal- 
lising it. 

Much  of  the  analytical  work  in  this  paper,  and  of  the  general  work 
that  led  to  the  results,  was  done  by  my  assistant,  Mr.  A.  L.  Stem, 
B.Sc.     My  cordial  thanks  are  due  to  him. 
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X. — The  Nature  of  Solutions,  as  elucidated  hy  a  Study  of  tlie  Density, 

Electric   Conductivity,  Heat   Capacity,    Heat  of   Dissolution,  and 
Expansion  by  Heat  of  Sulphuric  Acid  Solutions. 

By  Spenceb  Umfrbvillb  Pickkeing,  M.A. 
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Pabt  I. — Gknbral  and  Inteoductoby. 

In  the  early  part  of  1887,  I  began  an  iuvestigation  on  the  nature  of 
Bolntions,  by  making  a  nnmber  of  determinations  of  the  heat  of  dif>- 
Bolntion  of  solutions  of  calciam  chloride  and  nitrate,  with  the  view  to 
settling  whether  the  curves  representing  these  results  exhibited  any 
sudden  changes  indicative  of  the  existence  of  liquid  hydrates,  or  not. 
The  subsequent  publication  of  MeDdeleeff's  examination  of  the  densi- 
ties of  alcohol  (TrHUs.,  1887,  778)  and  sulphuric  acid  (Zeit,  physikal. 
Chem.j  1,  275),  and  of  Crompton's  examination  of  F.  and  W.  Kohl, 
ransch's  determinations  of  the  electric  conductivity  of  solutions  of  the 
latter  substance  (Trans.,  1888,  116),  showed  that  sudden  alterations 
in  curvature  might  be  established  more  satisfactorily  by  plotting  out 
ihe  rate  of  change — that  is,  the  first  differential  coefficient — than  by 
a  mere  inspection  of  the  original  curve,  or  by  attempting  to  apply 
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equations  to  it.  Mendel^ff  stated  tliat  the  rate  of  change  of  the 
densities  is  represented  bj  a  series  of  straight  lines,  meeting  at  points 
corresponding  with  hydrates  of  definite  molecular  composition,  whilst 
Grompton  foand  that,  in  the  case  of  the  electrical  conductivities,  two 
differentiations  }iad  to  be  applied  before  a  rectilineal  figure  was  obtained. 
These  results  are  tantamount  to  the  densities,  «,  of  p  per  cent,  solu- 
tions being  represented  by  a  series  of  different  parabolas  of  the  form 
#  =  A  +  Bp  -h  Cp\  while  the  conductiyities,  h  are  represented  by 
a  series  of  the  form  of  fc  =  A  +  By  +  Cp*  +  Dp',  any  one  equation 
holding  good  between  two  definite  hydrates.  Crompton's  results 
added  confirmation  to  the  particular  bydnvtes-  indicated  by  Mende- 
16eff. 

On  examining  by  differentiation  my  results  with  the  heat  of  dissolu- 
tion of  the  calcium  salts,  I  found  that  they  yielded  rectilineal  figures 
only  after  a  double  application  of  the  process,  and  the  hydrates 
thereby  indicated  were  very  numerous ;  further  confirmation  of  these 
hydrates  was  obtained  by  determining  the  densities  of  the  solutions, 
which  were  found,  in  accordance  with  Mendel^eff's  statement,  to 
yield  a  series  of  straight  lines  after  the  first  differentiation  (see 
Proc,  1888,  36). 

These  cases,  however,  were  so  complicated  that  I  proceeded  to 
investigate  the  presumably  simpler  case  of  sulpharic  acid.  The 
nature  of  the  heat  of  dissolution  curve  was  found  to  be  the  same  as 
in  the  case  of  the  calcium  salts,  but  the  hydrates  thereby  indicated 
were  far  more  numerons  than  those  which  Mendel^ff  had  mentioned, 
and,  on  examining  his  density  results  more  closely,  I  found,  with 
surprise,  that  the  values  which  he  quoted*  by  no  means  warranted  the 
conclosion  that  the  first  differential  consisted  of  straight  lines.  These 
values  appeared  to  me  to  be  too  meagre  to  settle  the  question  at  issue, 
so  I  made  a  series  of  fresh  determinations,  repeating  them  at  four 
different  temperatures.  The  results  confirmed  the  existence  of  those 
hydrates  which  the  heat  of  dissolution  had  indicated,  and  showed  that 
the  curves  required  a  second  differentiation  before  they  yielded  a 
i-ectilineal  figure. 

From  these  densities  the  expansion  by  heat  was  deduced,  and 
further  confirmation  of  the  hydrates  thus  obtained.  The  heat  capaci- 
ties of  the  weak  solutions  had  also  been  determined  in  order  to  calcu- 
late out  the  heat  of  dissolution  results,  and  these  also  afforded  similar 
evidence  of  an  independent  nature. 

The  pi  esent  communication  is  confined  to  the  results  with  sulphuric 
acidr 


*  Net  deteiBiined  by  Mendel^ff  Iiiiiitelf,  but  collected  by  him  from  Tarious 
sources. 
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Methods  of  Differentiaiion  employed^ 

The  Tesnlts  obtained,  and  generally  aJso  the  currefl  representing 
them,  were  examined  by  the  same  process  of  different iatioo  as  that 
adopted  by  Mendeleeff. 

When  the  difference  between  the  d>ensities,  Ac,  of  two  so>ntion8  i» 
divided  by  the  difference  in  the  percentage  composition  of  these 
solutions,  the  valae  obtained  gives  the  mean  rate  of  change  in  the 
densities  between  the  two  percentages  taken,  or,  as  it  has  to  be  less 
perfectly  expressed,  the  mean  rate  at  a  point  intermediate  between 
these  percentages.  This  constitutes  direct  differentiation  from  the 
experimental  values  themselves. 

Differentiation,  however,  is  a  very  dangerous  and,  at  the  best,  a 
very  imperfect  tool.  The  differential  is^  strictly,  the  tangent  of  a 
curve,  and  the  method  here  adopted  assumea  that  the  carve,  which 
would  represent  the  resmlts^  is  a  straight  line  between  every  two 
experimental  points.  The  method  would  yield  absolutely  true  results 
only  if  these  differences  were  infinitely  small ;  whereas  if  they  be 
reduced  toa  much — generally  below  1  per  cent. — the  experimental 
errors  attain  such  relatively  large  proportions  that  the  results  are 
useless. 

The  actual  differences  between  the  experiments  will  also  affect  the 
form  of  the  differential  to  a  certain  extent,  and  irregularities  will  be 
caused  if  the  differences  are  not  the  same  throughout. 

When  the  experimenta  themselves  form  a  curved  figure  consisting 
of  a  series  of  different  curves,  they  will,  when  differentiated,  yield  a 
series  of  other  curves  or  straight  lines,  between  each  of  which  there 
will  generally  be  one  differential  point  conforming  with  neither  of 
the  adjacent  curves,  it  being  derived  from  two  experiments  belonging 
to  two  different  primary  curves.  The  existence  of  an  undoubtedly 
non-conformable  point  is  strong  proof  of  a  change  in  the  vicinity,* 
but,  when  doubtful,  it  only  adds  to  the  difficulty  of  interpreting  the 
results. 

When  a  second  differentiation  has  to  be  performed,  it  is  hardly  ever 
possible  to  apply  it  to  the  experimental  values  themselves,  as  Cromp- 
ton  did  in  the  case  of  the  conductivities,  for  the  quantities  dealt  with 
wonld  be  of  about  the  same  magnitude  as  the  experimental  errors 
themselves.  In  such  cases  we  must  diminish  the  error  by  drawing  a 
smoothed  curve  through  the  first  differential  points,  taking  readings 
from  this  curve  and  differentiating  these.  Except  in  the  case  of  the 
densities,!  I  have  performed  the  first  differentiation  on  the  smoothed 

*  Any  error  in  an  experiment  will  affect  the  two  differential  point»  derived  from 
it,  in  oppoeite  directions. 

t  To  plot  the  densittee  out  ao  aa  to  allow  0  '0001  gram  to  0*01  inch,  the  whole 
carve  would  have  to  measure  about  2003  inches,  a  whoUj  impracticable  length. 
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carve  representing  the  experiments,  as  well  as  on  the  experimental 
values  themselves. 

In  differentiating  the  smoothed  carve,  we  have  the  advantage  of 
being  able  to  take  as  many  points  as  we  like,  and  at  eqnal  distances 
apart ;  but,  on  the  other  hand,  the  drawing  being  subject  to  the 
"  taste  '*  of  the  draughtsman,  it  is  never  safe  to  dispense  entirely  with 
direct  differentiation,  especially  as  changes  in  cnrvatare  will  be  less 
marked  in  the  original  curve  than  in  the  first  differential  figure,  and 
may  be  overlooked,  if  we  trust  entirely  to  the  former.  It  requires  no 
little  practice,  and  the  most  careful  attention  to  the  magnitude  of  the 
experimental  errors,  to  draw  the  smoothed  curve  on  which  to  perform 
the  differentiation.  The  curves  representing  the  present  results  have 
been  drawn  with  the  help  of  a  long  thin  steel  or  wooden  lath.  Such 
a  lath,  when  bent  under  the  four  points  of  pressure  exerted  by  one's 
two  hands,  does  not  form  a  curve  of  any  particular  nature,  and  does 
not  necessarily  give  a  curve  which  wiU  differentiate  eventually  into  a 
straight  line ;  but  I  find  that  if  the  experiments  form  a  figure  on  to 
which  the  bent  steel  cannot  be  fitted,  that  figure  certainly  does  not 
consist  of  a  single  parabolic  curve.* 

The  scale  which  I  have  used,  wherever  practicable,  is  such  that  the 
experimental  error  is  represented  by  one- tenth  to  one- twentieth  of 
the  distance  between  the  points,  the  maximum  error  corresponding  to 
about  one-tenth  of  an  inch.  Readings  from  these  curves  were  taken 
with  an  accuracy  of  one-hundredth  of  an  inch  or  less.  Drawings  on 
several  different  scales,  and  with  several  different  points  as  origins, 
were  made  in  all  oases,  and  the  labour  entailed  in  the  treatment  of 
the  results  has  by  far  exceeded  that  of  the  determinations  them- 
selves. 

In  cases  where  the  experimental  error  was  comparatively  large,  the 
resalts  have  been  divided  into  two  independent  series,  and  each  of 
these  differentiated  separately;  the  resalts  being  then  plotted  out 
together.  In  such  a  case  it  must  be  remembered  that  we  may  get 
two  non-conformable  points  in  the  vicinity  of  a  change.  Sometimes 
the  somewhat  less  exact  method  of  taking  the  mean  of  every  two 
consecutive  differential  points  has  been  adopted. 

Considerable  difficulty  has  been  experienced  in  finding  any  satis- 
factory method  of  depicting  the  curves  in  print.  The  size  of  the 
original  working  drawings  is  snoh  tjiat  their  reproduction  here  would 

*  Though  differentiation  will  alone  tell  ub  the  precise  nature  of  any  curre, 
I  would,  with  the  experience  I  have  gained,  generally  trust  as  much  to  the  drawing 
of  the  original  curre  as  to  differentiation,  for  showiug  whether  that  curve  is  con- 
tinuous or  not,  and  where  the  changes  occur  in  it ;  but  such  a  method  would  carrj 
conviction  to  no  one  who  had  not  made  curves  their  special  study  to  the  same  extent 
as  I  have  done. 
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be  impossible,  withoot  considerable,  and  often  in j  arioas,  redaction  ; 
this,  and  the  ineyitable  inaecaracj  of  printed  plates,  made  it  evident 
that  any  one  wishing  to  examine  the  results  in  detail  would  plot  the 
experiments  out  for  himself  and  draw  his  own  carves,  while,  to  the 
more  casual  reader,  small  illnstrations  in  the  form  of  woodcuts  would 
be  more  instructive  and  convenient  than  plates.  Such  woodcuts, 
therefore,  have  been  used  almost  exclusively  ;  but  their  size  generally 
precludes  the  insertion  of  the  numerous  experimental  points,  and 
also  necessitates  the  use  of  relative  scales  for  the  abscissae  and 
ordinates  different  from  those  which  are  suitable  to  the  experimental 
error:  they  may  sometimes,  therefore,  give  an  exaggerated  impres- 
sion of  the  magnitude  of  the  changes,  sometimes  the  reverse :  I  have 
supplemented  them,  however,  with  a  statement  of  the  scales  which  I 
have  found  most  suitable  in  the  various  cases — Table  XXIV  at  thu 
end  of  the  paper. 

I  must  warn  my  readers  that  many  of  the  individual  changes  in 
curvature  which  I  mention,  are  admittedly  of  a  very  doubtful  nature, 
especially  when  considered  by  themselves.  Their  existence  can  only 
be  established  by  the  concordant  indications  of  independent  proper- 
ties, and,  even  with  such  accumulation  of  evidence,  some  of  them 
must  still  remain  doubtful.  This  is  inevitable,  if  these  changes  are 
really  due  to  the  existence  of  hydrates  of  different  degrees  of  com- 
plexity and  stability.  A  study  of  any  one  portion  of  this  paper  with- 
out reading  Part  YII,  where  the  results  from  various  sources  are 
collected  and  discussed,  would  probably  lead  to  a  very  incorrect  esti- 
mate of  the  value  to  be  attached  to  the  work  in  general,  and  to  the 
conclusions  which  T  draw  from  it. 

Before  proceeding  to  the  details  of  the  work,  I  must  express  my 
best  thanks  to  Mr.  H.  Crompton  for  the  help  which  he  has  so 
ungrudgingly  given  me  in  it.  Not  only  has  he  made  many  impor- 
tant suggestions  which  will  be  specially  noticed  in  their  proper  places, 
but,  throughout  the  coarse  of  the  work,  he  has  aided  me  with  his 
superior  mathematical  knowledge,  and  followed  every  step  in  the 
work  with  an  interest  which  has  almost  made  it  his  own. 

Part  II. — Densities. 

Method  employed. 

The  piknometer  is  nearly  always  an  inaccurate  instrument,  owing 
to  the  imperfect  fitting  of  the  stopper  into  the  neck  of  the  bottle, 
but  the  very  nature  of  this  inaccuracy  implies  that  it  may  by  chance 
be  non-existent  in  some  cases.  Such  an  instrument  was  used  in  the 
following  work.  The  concordance  of  the  results  obtained  with  it 
were  found  to  be  as  nearly  as  possible  the  same  as  in  the  case  of 
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Sprengel  tubes,*  and  the  errors  noticed  were  less  than  might  be  attri- 
buted to  the  balance  and  thermometer  errors,  these  latter  being 
0*0001  gram  and  0'004®  respectively.  Gonsecative  determinations  of 
the  water  contents  (25  c.c.)  of  the  bottle  at  the  same  temperature 
only  once  showed  a  difference  of  as  much  as  0*00015  gram,  and  a 
more  trying  test  of  its  trustworthiness  was  found  in  the  comparison 
of  my  results  with  water  at  every  2**  between  6°  and  38°  (to  be  given 
in  a  subseqaent  communication)  with  the  smoothed  curves  represent- 
ing those  of  Kopp  or  Pierre;  the  average  difference  was  in  each 
case  0*000012  of  the  volume,  or  0*0003  gram,  and,  not  only  does  this 
error  include  that  due  to  differences  in  the  determination  of  the  actual 
temperatare,  but  it  was  evident  that  the  greater  part  of  it  was  due 
to  some  constantly  increasing  source  of  error,  which  would  either  be 
absent  in  a  series  of  determinations  done  at  the  same  temperature,  or, 
if  present,  would  have  no  appreciable  effect  on  tJie  differences  between 
the  consecutive  experiments^  the  only  important  consideration  in  the 
present  case. 

To  obtain  this  accuracy  it  is  necessary  to  place  a  small  glass  plate 
over  the  open  capillary  in  the  stopper  while  the  bottle  is  in  the  bath, 
and  being  weighed,t  otherwise  an  appreciable  loss  occurs  through 
evaporation,  even  when  the  liquid  is  below  the  bottom  of  the  stopper. 
The  increased  accuracy  obtained  in  this  way  may  be  judged  by  the 
following  values,  obtained  when  the  bottle  was  filled  with  water : — 

A.  Without  the  plate — 

Extreme  diff.  of  0*0006  gram  in  4  determinations  at    8° 
00005        „       5         ,      „  18 

B.  With  the  plate- 

Extreme  diff.  of  0*0001  gram  in  3  determinations  at    8° 
0        „       2  „  18 

0        „       a  „  28 

000016      „      5  „  38 

The  calorimeter,  witk  its  stirrer  worked  by  an  electromotor,  was 
used  as  the  bath,  a  very  small  flame  being  placed  under  it  when 
temperatures  above  18**  were  required ;  at,  and  below  18°,  the  tempera- 
ture of  the  laboratory  was  reduced  to  that  of  the  determinations. 
The  thermometer  was  tapped  continuoasly  as  in  calorimetric  work. 

Experimental  Error, 

The  water  contents  of  the  bottle  were  generally  determined  at  the 

*  Dr.  Ferkia'8  and  Dr.  Nioors  results  were  taken  for  tiiis  oompariaon. 
t  A  eap  eannot  be  OMd  while  the  bottle  ie  in  the  baith,  aa  it  inoreasee  the  evapo- 
ration,  or  rather,  distillation,  from  the  capiUi^ry. 
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beginning  and  end  (gometimes  more  frequently)  of  a  series  of  deter- 
minations, and  any  slight  variation  noticed  was  assumed  to  have  taken 
place  regularly.  The  tare  of  the  bottle  was  taken  before  and  after  each 
day's  work,  and  rarely  showed  any  alteration.  Thns  each  determination 
is  practically  dependent  on  one  weighing  only,  and  the  error  of  the 
first  differentiatial  dedaced  from  two  determinations  is  generally  of 
the  same  magnitude  as  that  of  a  single  determination,  since  there  is 
generally  a  difference  of  2  per  cent,  between  the  strength  of  every 
two  consecotive  solutions,  and  the  actual  differences  and  their 
errors  will  be  divided  by  2.  An  error  of  one  estimation  figure  in 
the  reading  of  the  thermometer  (0*1  mm.  or  0'004**)  will,  in  an 
extreme  case  (with  acids  of  high  strength  and  high  coefficient  of  ex- 
pansion), cause  an  error  of  0*0001  gram ;  the  balance  error  may  be 
placed  at  a  like  amount ;  so  that  00002  gram,  or  0000008  of  the  den-  ^ 

sity,  may  be  taken  as  a  safe  limit  of  error  in  the  majority  of  cases,     ^J* 
both  for  the  determinations  themselves  and  for  the  differential  points     f^" 
deduced  from  them.    With  solutions  above  78  and  below  10  per  cent.,      ci> 
the  differences  were  less  than  2  per  cent.,  and  the  error  in  the  differen-      ^  ^ 
tials  here  will  be  proportionately  larger. 

The  glass  plate  on  the  stopper  of  the  bottle  was  not  adopted  till         i 
after  the  series  at  18°  had  been  finished,  so  that  the  error  with  these      i  ^ 
results  will  be  somewhat  greater,*  and  another  source  of  inaccuracy      * 
in  this  case  was,  that  the  contents  of  the  bottle  were  determined  once 
for  all,  it  not  having  been  ascertained  at  that  time  that  a  change  of  a  * 

few  degrees  will  effect  an  alteration  in  the  capacity  of  a  well-Reasoned 
glass  bottle  (see  Phil.  Mag.^  March,  1890).     It  would,  however,  be  ex-  ^^ 

cessive,  I  think,  to  place  the  error  of  the  determinations  at  18*^  at 
twice  the  value  of  those  at  the  other  temperatures. 

Temperature  of  tJie  Dt^terminations. 

The  exact  temperatures  at  which  the  densities  were  determined 
were  7-978',  17-926%  28064%  and  38-203'  ±  0002.  All  these  were 
ascertained  by  a  direct  comparison  of  the  experimental  thermometers 
with  a  "  natural  standard,"  the  zero  point  of  which  had  been  recently 
determined ;  the  "  constant  difference  "  of  this  instrument  was  taken 
to  be  the  distance  between  the  boiling  point  and  freezing  point,  taken 
immediately  after  boiling,  and  Poggendorff's  correction  was  applied 
to  the  readings. 

To  reduce  my  determinations  of  the  water  contents  of  the  bottle  to 
true  densities,  Kopp's  determinations  of  the  latter  were  taken ;  these 
are  0-999890,  0-998712,  0996353,  and  0993070  at  the  four  tempera- 

*  It  would  not,  on  an  arerage,  he  nearly  ao  muoh  greater  aa  the  aboTe  quoted 
determinations  with  the  more  volatile  water  would  imply. 
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tares  reepectively.  By  mistake,  the  density  at  17*925*'  was  taken  as 
0"998695  in  the  calcalations,  bat  this  error  will  scarcely  affect  the 
densities  themselves,  and  will  not  affect  the  differentials  at  all  * 

Preparation  of  the  Solutions. 
I  am  indebted  to  the  kindness  of  Dr.  Messel  for  a  liberal  snpply  of 
the  pure  acid,  prepared  by  repeated  crystallisation.  Mr.  Crompton 
was  good  enoagh  to  estimate  its  strength  volametrically,  starting 
with  pare  silver.  His  results,  deduced  from  the  examination  of  two 
weaker  solations  prepared  from  the  strong  acid,  were — 

99-953 -^ 
99-816 
99-704 
L  99-857- 
99-753'! 

99-854  r~  9^8665  per  cent.  H.SO*. 
99-897J 

Mean  =  99*8495  per  cent.  H,SO«. 

The  valae  was  taken  as  9985  per  cent. 

The  second  half  of  this  lot  of  acid  (which  had  been  sapplied  in 
two  bottles)  appeared,  from  a  comparison  of  about  20  density  deter- 
minations at  18^,  to  be  0*007  per  cent,  stronger  than  the  first  half  (the 
one  analysed),  and,  as  this  small  difference  could  not  have  been  dis- 
tingaished  with  certainty  by  farther  analysis,  it  was  determined  by 
these  density  results  themselves. 

Sabsequent  work  has  led  me  to  conclude  that  the  strength  of  the 
acid  used  in  the  present  work  is  somewhat  greater  than  I  have 
taken  it  to  be.  In  plotting  out  the  freezing  points  of  a  series  of 
acids  containing  somewhat  more  water  and  more  anhydride  than 
HtSOi  itself,  we  get  a  figure  consisting  of  two  nearly  straight  lines 
rising  up  so  as  to  meet  at  a  very  sharply  marked  angle,  and  the 
point  at  which  they  meet  must  correspond,  for  reasons  which  1  need 
not  enter  into  at  present,  to  the  definite  compound  H,S04  itself ;  the 
point  of  intersection  of  these  lines  may  be  ascertained  to  within 
+  0*01  per  cent,  or  less.  In  this  way  I  have  determined,  by  means 
more  reliable  than  any  analysis,  the  strength  of  a  large  quantity  of 
acid  used  in  subsequent  work,  and  I  have  compared  this  acid  with 
that  used  in  the  present  work,  the  contents  of  the  second  bottle 
above  mentioned  being  taken  for  this  purpose.  Ihe  comparison, 
made  by  taking  the  densities  of  52  and  66  per  cent,  acids  at  28*",  gave 

*  It  has  been  corrected  in  Table  YII. 
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99-92700  and  99-92914,  mean  =  99*92812  per  cent.,  as  its  strength, 
instead  of  99*857,  given  by  the  analyses.  This  resnlt  was  further  con* 
firmed  by  determining  its  freezing  point,  which  gave  99*932  +  O'Ol 
per  cent,  as  the  strength.* 

As  all  the  present  results  had  been  calculated  out  long  before  this 
later  work  had  afforded  this  more  certain  means  of  ascertaining  the 
strength  of  the  acid,  and,  as  the  error  would  not  appreciably  affect 
these  results  when  differentiated,  I  did  not  think  it  worth  while 
to  alter  them,  except  in  a  few  cases,  where  the  introduction  of  the 
correction  will  be  specially  mentioned.  In  all  the  other  cases  the 
percentages  quoted  are  712/1000000  too  low. 

The  accurate  dilution  of  very  strong  sulphuric  acid  is  not  an  easy 
matter.     Three  main  series  of  solutions  were  prepared  as  follows : — 

Series  A.  By  exposure  to  moist  air  for  a  month,  with  subsequent 
addition  of  water.  Used  for  about  eveiy  other  determination  of  the 
heat  of  dissolution. 

Series  6.  By  addition  of  ice.  tJsed  in  the  majority  of  the  density 
determinations  at  18''. 

Series  C.  By  the  very  cautious  addition  of  water.  Used  in  the 
other  density  and  heat  of  dissolution  determinations. 

The  solutions  were  made  up  in  quantities  of  100  to  300  grams,  using 
a  balance  reading  to  0*0001  gram,  so  that  their  relative  composition 
is  accurate  to  about  one  unit  in  the  fourth  decimal  place  of  the  per- 
centage, provided  no  loss  of  anhydride  occurred  in  making  them. 

In  the  case  of  all  three  sets,  the  solutions  from  58  to  16  per  cent. 
were  made  from  a  58  per  cent,  solution  ;  those  from  16  to  4  per  cent.,- 
from  a  16  per' cent. ;  those  from  4  to  1,  from  a  4  per  cent. ;  and  the 
weaker  ones  from  a  1  per  cent,  solution.  To  ensure  uniformity  in  the 
whole  series,  including  the  last  determination — that  is,  the  one  with 
water  itself — this  water  was  boiled  in  platinum  at  the  same  time 
as  that  used  for  diluting  the  acid,  and  kept  for  the  same  time  in 
bottles  of  the  same  glass  as  those  containing  the  acid.  Although 
this  water  evidently  contained  air,  not  the  slightest  difference  (that 
is,  less  than  0*000004)  could  be  detected  between  its  density  and  that 
of  freshly-boiled  water. 

Besults  obtained. 

The  densities  (not  specific  gravities)  at  18''  are  given  in  Table  I  : 
the  full  series,  with  differences  not  less  than  1  per  cent.,  are  first 
entered,  and  then  the  more  numerous  ones  with  strong  and  weak 

•  Some  acid  prepared  by  W.  Kohlransch  {Ann.  Phys.  Chim.,  17,  69)  by  cryst*!- 
liaatjon  gave  almoBt  exactly  the  same  results  as  my  stock  acid,  1*8342  against  my 
1*834185  at  18^  Perkin  found  the  density  of  some  supplied  to  him  by  Messel  to 
be  1*83748  at  15^  my  acid  being  1-83726  ht  this  temperature  (Trans.,  1886,  788). 
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solationa  :  the  differenfciation  of  alternate  experiments  (A  and  B)  are 
given  in  the  last  fonr  columns.*  Table  II  contains  the  results  at  8", 
28*,  and  88°,  the  differentiation  of  alternate  experiments  being  here 
given  (in  the  few  instances  where  it  is  adopted)  separately. 

Fio.  1.— DensitioB  of  Solutions  of  Sulphuric  Acid. 
Percentage  Strength. 
0  ao  40  60  80         100 


1-8 


1-6 


1-4 


1-2 


I'D 


Fig.  1  is  a  sketch  of  the  densities  at  18*"  and  38°  plotted  against 
percentage  composition.  The  general  change  in  curvature  at  about 
80  per  cent.,  and  the  existence  of  a  maximum  at  97*5  per  cent,  are 
noticeable,  being  ignored  bj  most  text-books. 

Fig.  2,  A  (p.  80),  gives  a  small  size  il lustration  of  the  first  differen- 
tial obtained  directly  from  the  results  at  8°.  Plates  1  and  2  (p.  184) 
show  this,  as  well  as  the  results  at  the  other  temperatures,  on  a  scale 
more  appropriate  to  the  experimental  error  and  inclination  of  the 
.  various  parts  of  the  figures. 

At  28''  and  38*"  it  was  found  impossible  to  extend  the  determina- 
tions below  a  20  per  cent,  acid,  owing  to  the  liberation  of  air- bubbles, 
and  the  densities  at  these  temperatures,  even  from  30  per  cent,  down- 
wards, may  be  affected  (though  apparently  with  regularity)  from  this 
cause. 

•  Where  two  solutionB  of  nearly  fhe  same  strength  have  been  examined,  the 
results  with  each  have  been  differentiated  eeparatelj  with  those  of  the  neit 
stronger  and  next  weaker  solutions ;  we  thus  get  two  pairs  of  partially  independent 
differential  points  at  nearly  the  same  peroentagrs.  This  is  a  more  accurate  method 
than  taking  the  mean  of  the  two  experiments  themseWes.  Tbore  solutions  marked 
by  an  asterisk  belonged  to  different  sets  of  preparations  from  the  others. 
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In  each  of  the  plafces  (1,  2,  and  3)  the  experimental  error  of  0*0002 
gram,  or  0*000008  of  the  density,  would  alter  the  position  of  the  poiuts 
bj  abontone  hundred th  of  a  big  division  of  the  paper.  Greater  errors 
evidently  exist  in  some  cases,  and  are  probably  due  to  errors  in  the 
composition  of  the  solutions.  By  the  omission  of  the  doubtful  de- 
terminations we  get  the  points,  marked  by  crosses  (the  "  alternate 
determinations  "  of  the  table),  eacb  of  which,  it  must  be  remembered, 
is  a  substitute  for  tbe  two  points  on  either  side  of  it,  and  considerable 
assistance  in  determining  where  such  mean  points  shonld  be  taken, 
is  afforded  by  the  fact,  that  the  solutions  used  at  18^  were,  in  nearly 
all  cases,*  different  from  those  used  at  the  other  temperatures. 

Starting  at  the  100  per  cent,  end,  we  Have,  in  eacb  case,  a  rapid 
rise,  represented  by  a  line  of  a  strongly-curved  nature,  as  far  as  about 
94  per  cent. ;  this  is  then  followed  by  a  long,  and  comparatively  flat 
stretch  as  far  as  84  per  cent.,  it  being  so  flat  in  the  case  of  the  results 
at  18**,  that  it  is  within  experimental  error  a  straight  line.  Then 
follows  a  more  or  less  sharp  curve,  which  gives  place  to  a  gentler 
curve:  the  differential  reaches  a  maximum  point  at  abont  73  per 
cent.,  and  then  proceeds  to  fall,  but  not  regularly,  for  it  forms  a  most 
unmistakably  wavy  line,  exhibiting  two  troughs  at  about  42  and  3 
per  cent,  respectively,  after  which  it  rises  again  in  a  verj  abrupt 
manner. 

Now,  even  the  most  general  characteristics  of  this  first  differential 
are  absolutely  conclusive  as  to  its  not  being  rectilineal,  and  not  being 
a  single  or  simple  curve,  and,  consequently,  that  the  densities  them- 
selves cannot  be  represented  by  any  single  curve.  No  amount  of 
smoothing  could  mask  the  wavy  character  of  three  quarters  of  the 
figure,  or  could  reduce  it  to  uniformity  with  the  flat  portion  from  84 
to  94  per  cent.,  and  with  the  abrupt  curvature  exhibited  at  both 
extremities. 

Although  the  figure  may  be  continuous,  it  can  only  be  drawn  in 
separate  sections  or  curves ;  but  to  determine  the  exact  nature,  or  even 
number,  of  these  constituent  curves,  is  a  difficult  problem.  A  good 
deal,  but,  as  will  be  shown  below,  not  so  much  as  might  be  expected, 
depends  on  the  amount  of  smoothing  allowed.  In  the  present 
drawing  this  smoothing  is  snfficient  to  render  the  whole  figure  con- 
tinuous, and  to  allow  considerable  latitude  beyond  the  known  ex- 
perimental error :  no  greater  amount  of  smoothing  is  legitimate  in 
the  first  instance,  and  could  be  justified,  only  in  the  event  of  the 
present  drawing  leading  to  contradictory,  or  to  no  conclusions. 

The  constituent  curves  of  the  figures  have  been  extended  beyond 
the  points  up  to  which  they  are  applicable,  simply  in  order  to  show 

*  Except  at  6,  7,  9,  and  the  odd  perceiit«geB  from  79  apwards. 
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more  clearly  which  portions  have  had  to  be  drawn  separately.  These 
constituent  curves,  in  some  instances,  cut  each  other  on  being  pro- 
duced, but,  in  the  majority  of  cases,  they  appear  to  meet  tangentially. 
Curve  VIII,  Plate  2,  between  60  and  60  per  cent.,  is  of  a  very  doubtful 
character,  chiefly  owing  to  the  error  in  the  60  per  cent,  solution :  it 
does  not,  however,  appear  possible  to  draw  curves  VII  and  IX  so  as  to 
meet  without  increasing  the  eiTor  of  the  points  very  considerably ; 
they  apparently  cease  to  be  apJ3licable  at  about  50  and  60  per  cent, 
respectively,  and  hence  curve  VIII  has  been  drawn  to  represent  the 
points  between  these  two  percentages.  With  Fig.  D  especially,  this 
curve  is  very  doubtful,  since  there  may  be  another  error  at  68  per 
cent. ;  there  is  also  some  doubt  as  to  the  drawing  of  curve  VII. 

The  two  series  of  determinations  at  18°,  with  totally  different  sets 
of  solutions  (A  and  B,  Table  I),  when  plotted  out  separately,  show  a 
concordance  which  affords  strong  additional  proof  of  the  correctness 
of  the  results. 

The  more  numerous  results  with  weak  solutions  (F  and  G, 
PI.  2)  show  some  remarkably  abrupt  changes,  the  exact  position 
and  nature  of  which  must,  however,  be  doubtful,  owing  to  the  magni- 
tude of  the  error  consequent  on  the  proximity  of  the  determinations. 

The  results  with  very  strong  solutions  at  18°  and  8°  (F  and  G, 
PL  1)  show  the  existence  of  a  change  of  curvature  at  about  97*6, 
which  did  not  appear  in  the  1  per  cent,  series  owing  to  lack  of  suffi- 
cient points.*  The  alternate  determinations  only  have  been  differen- 
tiated in  this  case  ;  but,  even  then,  the  error  is  three  times  as  great 
as  with  the  1  per  cent,  series. 

The  direct  first  differentiation  having  failed  to  reduce  the  densities 
to  a  rectilineal  figure,  the  effect  of  a  second  differentiation  was  ex- 
amined, the  operation  being  performed  on  the  first  differential  curves. 
Table  III  contains  the  numerical  results.f  A  general  review  of  them 
is  given  in  Fig.  4,  B  (p.  87),  while  A,  B,  and  E,  PI.  3,  represent 
them  in  greater  detail,  and  on  more  appropriate  scales.  The  results 
at  the  other  temperatures  closely  resemble  those  at  18°,  which  alone 
are  represented  in  the  plate.  The  constituent  lines  are  prolonged  in 
the  drawings  to  render  the  points  of  junction  clearer. 

The   second  differential  diagram  is  certainly  composed  of  lines 

*  If,  howeyer,  a  sufficient  number  of  readings  be  taken  from  the  continuous  and 
apparently  regular  first  differential  curve  for  the  1  per  cent,  series  between  94  and 
100  per  cent.,  a  second  differential  is  obtained  which  consists  of  two  straight  lines 
meeting  at  about  97*5  per  cent.,  showing  a  change  here,  in  a  similar,  though  not  so 
precise  a '  manner,  as  when  we  start  with  a  ewrve  containing  all  the  experimental 
points. 

t  In  the  Talues  in  this,  and  some  of  the  other  tables,  the  decimal  point  has  been 
moTed  six  places  to  the  right  ^to  economise  space. 


Digitized  by  VjOOQIC 


THE  NATURE  OF  SOLUTIONS. 


77 


which  are  straight  within  experimental  error,*  thongh  it  Ib  not 
possible  to  affirm  that  they  are  absolntelj  straight,  or  that  they  may 
not  be  nnited  with  each  other  bj  short  cnrved  reaches.  Each  portion 
of  the  first  differential  fignre  which  had  to  be  drawn  separately  yields 
an  independent  straight  line  for  the  second  differential,  the  only  ex- 
ceptions being  (1),  in  the  case  of  conres  YII  and  XII  at  8°  (not  shown 
here),  which,  on  the  second  differentiation,  yielded  (though  doubtfully) 
two  straight  lines  meeting  at  40  and  88  per  cent,  respectively ;  (2),  in 
the  case  of  both  extremities  of  the  figures,  where  the  second  differen- 
tials are  undoubtedly  curved:  but  by  being  so  they  really  afford 
fltrong  confirmation  of  their  rectilineal  character ;  for  the  ends  of  the 
1  per  cent,  first  differential  series  are,  as  a  matter  of  fact,  made  up 
of  one  or  two  points  taken  from  different  contiguous  curves,  and, 
when  we  take  for  the  second  differentiation  points  sufficiently  close 
to  each  other,  we  find  that  these  end  curves  split  up  into  straight 
lines.  The  results  are  shown  by  Fig.  £,  PI.  3  (p.  184),  and  by  the  dis- 
continuous lines  in  Fig.  F,  PL  3 ;  the  irregularity  in  the  line  1  of  the 
latter  is  probably  due  to  error. 

The  following  table  gives  the  percentages  at  which  the  changes  of 
curvature  occur.  The  determination  of  their  exact  position  is  a 
matter  of  considerable  difficulty ;  if  the  curves  constituting  the  first 
differential  are  tangential  to  each  other,  the  second  differential  lines 
will  meet  <U  the  point  of  change,  but  it  they  are  not  tangential,  but 

Table  A. — Position  of  the  Ohcmges  in  the  Density  Curves  for 
Sulphuric  Add, 


At  38**. 


93-5  (94-5) 

—  (89) 
84*4  (84; 
78-2(78 
72  -8  (71 
59  (58 -5; 
49  (none] 
-(42) 
32(31) 


a8^ 


94-0(94) 

-(88-65 

84-5(85) 

77-5(79-8) 

73-8(69-5) 

57(62?) 

50(49-5) 

29(28*5) 


18^ 


97-2(97-2) 
93  -6  (94) 

-    (89) 
84-5(84-3) 
78-0(77-5) 
72-8(71) 
-  (59) 
(61) 
(38-5) 
29-5(29) 
18-5  (19) 

8-8(9-5) 

4-0 

1-06 

0-85 


8^ 


97-7(96-8) 

94-0(95) 

88 -0(?)  (88-7) 

84*5(83-6) 

79-0(79) 

73-3(71) 

58  (?)  (60) 

51  (51) 

40(?) 

80(34?) 

18-5  (19) 

10 -5  (9 -5) 

3-75 

1-05 

0-25 


97-5(97) 
•93-8(94-1) 

88-0  (?)  (88-8) 
•84-4(84-2) 

78-2(78-6) 

73  05  (70-6) 
•58-0(59-0) 

50-3  (60-5) 

40-0(?)(40-3) 
•301  (30-6) 

18-5(19) 

•9-7(9-5) 

•3-9 
106 

•0-30 


•  The  error  may  be  beet  estimated  from  the  portion  marked  XII,  PL  8 ;  the 
pointe  in  it  should  lie  on  an  horizontal  line,  since  they  are  derived  from  the  Ant 
differential,  which  was  here  drawn  as  a  straight  line. 

TOL.  LTU.  G 
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cnt  on  prolongation,  the  second  differential  lines  will  not  meet  at 
these  points,  and  may  not  meet  at  all.  The  majority  of  the  carves 
appear  to  be  tangential  to  each  other,  but  this  is  not  always  so, 
and,  consequently,  the  meeting  points  of  the  second  differential  lines 
may  give  erroneous  results.  The  position  of  the  changes  has,  there- 
fore, been  determined  from  an  inspection  of  the  first  differential 
diagram.  Those  which  I  consider  to  be  best  established  are  marked 
by  an  asterisk. 

The  values  given  in  brackets  are  of  some  interest.  The  differentia- 
tion of  all  the  densities  for  different  temperatures  was  worked  out  at 
first  entirely  independently  of  each  other.  Each  set  of  results  stand- 
ing by  itself,  there  were  no  grounds  for  regarding  any  particular 
points  as  anomalous,  and,  consequently,  the  drawings  were  made  with 
much  less  smoothing  than  at  present.  Yet  the  position  of  the  changes 
deduced  from  them  agrees  in  almost  every  particular  with  those  de- 
duced from  the  later  drawings.  The  former  values  are  those  given  in 
brackets.  The  indication  of  changes  at  88  and  40  per  cent,  (where, 
however,  other  results  prove  such  changes),  and  the  low  position  of 
the  change  at  73  per  cent.,*  are  the  chief  points  where  any  material 
differences  exist. 

An  investigation  of  a  portion  of  the  results  at  18^  to  test  the  pos- 
sibility of  drawing  the  first  differential  in  sections  other  than  those 
here  given,  was  made  by  drawing  the  portion  between  35  and  81  per 
cent,  in  sections  of  which  the  middle  points  coincided  with  the  points 
of  change  given  in  the  table.  Omitting  three  determinations,  which 
are  evidently  erroneous,  it  was  found  that  the  average  eiTor  of  the 
differential  points  according  to  this  second  drawing  was  0'000008, 
as  against  0*000004  according  to  my  original  drawing,  and  that  the 
arrangement  of  +  and  —  errors  told  against  its  correctness  even 
more  than  the  increased  magnitude  of  the  error.  Its  adoption  would 
suppose  the  existence  in  23  determinations  of  16  errors  greater  than 
the  liberal  estimate  of  0000008  given  on  page  75  as  a  maximum.  A 
similar  comparison  was  also  made  by  deducing  equations  from  the 
points  themselves  instead  of  taking  drawn  curves,  but  the  increase  of 
error  was  even  greater  according  to  this  method.  The  portion  of  the 
figure  examined,  it  must  also  be  noticed,  is  one  in  which  the  changes 
are  admittedly  but  feebly  marked,  if  not  as  regards  their  existence, 
at  any  rate  as  regards  their  exact  position. 

The  conclusions  which  I  draw  from  these  density  results,  taken  by 
themselves,  may  be  briefly  stated  as  follows  : — The  direct  first  differ- 
ential coefBcient  forms  a  continuous  but  complicated  figure,  which 

*  The  determination  of  the  position  of  the  change  here  ia  difficult,  owing  to  the 
general  change  in  the  direction  of  the  differential  in  its  neighbourhood.  This 
portion  has  been  plotted  out  on  many  different  scales,  and  the  mean  result  taken. 

Digitized  by  VjOOQIC 


THE  NATURE  OF  SOLUTIONS.  79 

can  only  be  drawn  in  separate  sections :  it  does  not  follow  from  this 
tliat  each  of  these  sections  represents  a  definite  and  distinct  cnrve ; 
but,  in  the  fact  that  each  of  these  sections — differing  considerably 
from  each  other  as  to  their  curvature— on  further  differentiation* 
gives  a  straight  line,  and,  in  the  &ct  that  the  results  at  different  tem- 
peratures all  indicate  changes  at  the  same  points,  we  have  strong 
presumptive  evidence  that  such  is  the  case,  but  this  presumption  can 
only  be  converted  into  proof  by  finding  that  other  independent  proper- 
ties, and  curves  of  a  different  nature,  exhibit  similar  changes  at  these 
same  points. 

My  conclusions  as  to  the  nature  of  the  first  differential  of  the  den- 
sities are  in  direct  opposition  to  Meudel^eff's.  He  first  represented  it 
as  a  continuous  curve  (Ber,,  1886,  379),  but  subsequently  {Zeit, 
physikal.  Chem.^  1,  275)  represented  it  as  rectilineal,  Fig.  2,  D  (p.  81), 
being  a  carefully  enlarged  reproduction  of  his  later  drawing.  Above  it, 
Fig.  2,  C,  I  have  plotted  the  values  which  he  quotes,  and  of  which 
Fig.  D  was  given  as  a  representation.  That  these  points  show  the 
existence  of  more  or  less  abrupt  changes  of  curvature  in  certain 
regions  is  evident,  but  I  am  unable  to  see  how  they  can  be  made  to 
harmonise  with  Fig.  D.* 

Mendel^eff's  values  (deduced  from  the  observations  of  other  physi- 
cists) are  given  in  Table  IV,  together  with  a  slight  modification  of 
them,  introduced  so  as  to  make  them  more  strictly  comparable  with 
my  own  (the  want  of  analogy  being  merely  due  to  the  fact  that  the 
actual  differences  are  greater  than  with  mine),  and  these  are  plotted 
in  Fig.  B,  Plates  1  and  2,  where  they  show  such  a  very  good  general 
concordance  with  my  own  resultst  that  they  may  be  taken  together 
with  the  latter  as  affording  a  further  illustration  of  the  effect  of 
temperature  on  the  figure. 

Contraction  on  Mixing  Sulphuric  Acid  and  Water, 

At  the  suggestion  of  Professor  Foster,  I  calculated,  from  the  den- 
sities at  18**,  the  contraction  which  occurs  on  mixing  the  acid  and  water 
in  various  proportions  (Table  V). 

*  Mendel^ff  inferred  from  his  mathematical  theory  of  the  effect  of  hydrates  in 
solution  that  the  first  differential  would  be  rectilineal,  and  subaequently  quoted 
experimental  results  in  support  of  this  conclusion  (see  Trans.,  1887,  779).  A  study 
of  his  drawing  of  his  own  results  with  alcohol  leads  to  the  same  conclusions  as  in 
the  case  of  his  sulphuric  acid  diagram. 

A  reproduction  of  Mendel^ff's  first  currilinear  drawing  of  the  sulphuric  aoid 
differential  wiU  be  found  in  the  PhU.  Mag.^  28,  33 ;  it  forms  a  striking  contrast 
irith  his  second  drawing,  and  also  with  the  experimental  points. 

t  The  point  at  57*5  per  cent,  alone  seems  to  be  somewhat  erroneous. 

Q  2 
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Fig.  2. — Differentiation  of  the  Densities  of  Sulphuric  Acid  Solutions. 
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?io.  2.— DifferentiatioD  of  the  Densities  of  Sulphuric  Acid  Solutions. 
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The  figure  which  these  results  form  is,  as  in  the  case  of  the  den- 
sities, too  large  for  convenient  manipulation.     Fig.  3,  A  represents  it 

Fig.  3. — Contraction  on  Formation  of  Sulphuric  Acid  Solutions. 
Per  cent.  H3SO4. 
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on  a  small  scale.  It  is  a  oonidnnous,  thoagh  irregnlar,  carve, 
attaming  a  Tnaximnni  at  68  per  cent.,  and  exhibit!  \g  a  few  more 
or  less  sadden  changes  of  cnrvatare,  of  which  one  at  abont  50, 
and  one  somewhere  below  1  per  cent.,  are  the  most  marked. 

The  first  differential  obtained  directly  is  illustrated  by  Fig.  3,  B,  and, 
like  that  of  the  densities,  can  only  be  drawn  in  separate  sections.  A 
second  differentiation  was  performed  on  this  figure  (Table  VI),  and 
the  results  are  depicted  side  by  side  with  the  second  differential  of 
the  densities  in  Plate  3.  The  general  similarity,*  though  not  identity, 
of  these  two  figure  is  yeiy  striking,  and,  having  been  obtained 
from  two  figures  (the  first  differentials)  which  differ  entirely  in  their 
^neral  character,  afford  very  strong  evidence  that  the  rectilineal 
nature  of  the  figure,  and  the  position  of  the  changes  which  they  both 
indicate,  are  trne  characteristics  of  the  properties  in  question,  and 
not  the  chance  outcome  of  the  taste  of  the  draughtsman. 

The  extension  of  the  curvature  of  the  end  portion  of  the  contrac- 
tions from  0  per  cent,  to  solutions  of  greater  strength  than  in  the 
oase  of  the  densities,  is  but  the  result  of  fewer  pointe  having  been 
taken  in  the  former :  the  curve  here,  and  that  at  the  100  per  cent, 
end,  splite  up  into  separate  lines  when  all  the  determinations  are 
plotted  out,  but  the  resulte  are  not  illustrated  here.  The  drawing  of 
the  portion  X  is  very  doubtful.  The  similarity  of  the  two  figures 
would  be  somewhat  increased  by  taking  the  contractions  on  the  forma- 
tion of  1  C.C.  (Columns  5  and  10,  Table  Yl),  instead  of  on  1  gram : 
the  resulte  would  at  0  per  cent,  occupy  the  same  position  as  those  for 
1  CO.,  whilst  at  the  100  per  cent,  end  they  would  occupy  the  position 
indicated  by  Fig.  F  in  Plate  3. 

The  position  of  the  changes  of  curvature  indicated  by  the  contrac- 
tions and  densities  at  18*"  are  as  follows : — 


Densities. 

Contnotions. 

Densities. 

Oonttadaons 

97-2 

97-6  ■ 

510 

470 

93-6 

93-6 

29-5 

310 

84-5 

85-5 

18-5 

190 

780 

78-8 

4-0 

3-9 

72-8 

74-0 

1-05 

0-95 

580 

600 

The  concordance  between  the  two  sete  of  results  is  very  good,  and 
would,  no  doubt,  have  been  better,  had  the  contractions  been  plotted 
out  on  as  many  different  scales,  and  been  worked  up  with  the  same 
care  as  the  densities. 

Two  pointe  of  importance  may  be  noticed.     (1.)  The  constituent 

^  In  working  out  these  resulte  I  was  (and  still  am)  in  ignorance  that  such  a 
eimilaritj  should  exist. 
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cnryes  of  the  first  differential  of  the  oontractions  are  different  in 
nature  from  the  oorreeponding  ones  of  the  densities,  since  they  do  not 
meet  tangentiallj.  (2.)  The  mazimnm  of  contraction  does  not  occnr, 
aa  is  generally  supposed,  at  the  dihydrate,  73  per  cent.,  but  at  about 
68  per  cent.,  and  does  not  coincide  with  the  position  of  any  sudden 
ehange  of  curvature.*  It  will  also  be  noticed  that  the  changes  in  the 
first  differentials  are  more  clearly  marked  with  the  contractions  than 
with  the  densities,  but  I  doubt  whether  this  advantage  would  not  be 
more  than  compensated  by  the  increased  calculations,  and  consequent 
chances  of  mistakes,  which  the  former  necessitate. 

Construction  of  a  Table  of  Bensitiea. 

The  determinations  which  had  been  made  of  the  densities  of  sul- 
phuric acid  afforded  the  means  of  constructing  a  fuller  and  more 
accurate  table  than  any  which  existed.  The  special  advantages  which 
they  offered  for  this  purpose  were  (1)  that  the  composition  of  the 
acid  had  been  determined  by  a  more  certain  method  than  mere 
analysis ;  (2)  that  the  very  numerous  solutions  taken  were  of  a  com- 
position very  near  to  round  percentage  values ;  (3)  that  such  small 
corrections  as  were  necessary  to  reduce  them  to  such,  could  be  applied 
with  the  greatest  accuracy,  now  that  the  rate  of  change  with  the 
composition  (that  is,  the  first  differential)  was  accurately  known. 

The  various  steps  in  the  construction  of  this  table  (Table  YII) 
were  as  follows : — 

(1.)  The  densities  at  17*925^  were  corrected  so  as  to  refer  to  water 
as  0-998712  (p.  71). 

(2.)  The  percentage  strength  of  the  solutions  was  altered  in  ac- 
cordance with  the  determinations  based  on  the  freezing  points  by 
being  raised  712  millionths  (p.  73). 

(8.)  The  few  obvious  errors  which  the  fisst  differential  diagram  had 
revealed  were  corrected. 

(4.)  The  values  for  round  percentages  at  7-978^  17925%  28064°, 
and  38*203^  were  deduced  from  the  experimental  values  by  the  help 
of  the  first  differential  figures  (Plates  1  and  2). 

(5.)  To  detect  and  correct  any  arithmetical  errors  which  had  been 
made  in  doing  so,  each  of  the  four  sets  of  results  was  differentiated, 
and  the  resulting  figures  compared  with  those  in  Plates  1  and  2. 

(6.)  The  results  at  the  two  higher  temperatures  did  not  include 
determinations  above  9*6  per  cent,  at  less  than  1  per  cent,  intervals, 
nor  did  they  extend  down  to  percentages  below  20.  The  former  were 
supplied  by  plotting  out  the  densities  from  96  to  100  per  cent.,  and  taking 
readings  at  the  required  points  from  the  curves  thus  obtained.     The 

*  The  position  of  this  maximum  i§  known  to  alter  with  the  temperature. 
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densities  below  20  per  cent,  were  supplied  hj  a  more  donbtfnl  pro- 
cess : — The  differences  between  the  densities  at  17*925''  and  7-978"  (an 
interval  of  9'947**)  were  plotted  ont,  and  two  curves  drawn  by  their 
means ;  a  smoothed  cnrve  (1)  utilising  only  the  differences  between 
29  and  20  per  cent.,  together  with  that  of  0  per  cent. ;  an  irregular 
curve  (2)  following  the  irregularity  of  the  points  from  29  per  cent, 
downwards ;  the  differences  (d)  between  these  two  curves  (0*00009 
of  the  density  at  most)  were  taken  at  intervals  throughout.  Then 
the  differences  between  the  densities  at  38*203^  and  17*925^  (an  in. 
terval  of  20*278'')  were  plotted  out,  these  giving  a  curve  1'  similar  to 
1 :  by  assuming  the  differences  between  curves  1  and  2  to  be  propor- 
tional to  the  intervals  of  temperature,  we  get  the  curve  2'  for  these 

20*278 
last  determinations  by  multiplying  the  differences,  <2,   by    -575-7= 

and  adding  the  result  on  to  the  readings  of  curve  1' ;  in  this  way  the 
densities  at  38*203*"  were  deduced  from  those  at  17*925*',  and  the 
densities  at  28*064**  from  those  at  7*978°.  The  values  thus  obtained 
cannot  be  very  exact,  but,  I  thinlc,  they  are  probably  right  to  the 
fourth  decimal  place. 

(7.)  The  densities  of  each  solution  at  the  four  temperatures  were 
plotted  out  on  a  scale  which  showed  0'00002  of  the  densities  and 
0'02°  (the  largest  scale  which  could  be  conveniently  adopted)  ;  from 
the  smoothed  curve  representing  them,  the  rate  of  change  was  de-> 
termined,  and  used  for  the  arithmetical  reduction  of  the  densities  at 
7*978*'  to  8^  17*925**  to  18^  28*064**  to  28^  and  38*203''  to  38^  The 
values  for  the  other  temperatures  (every  degree  from  40*'  to  0**)  were 
got  by  taking  readings  directly  from  the  curves :  these  would  be  less 
accurate  than  the  former. 

(8.)  As  the  extrapolation  of  these  curves  was  extended  as  much  as 
8^^  below  the  last  determination,  the  values  at  these  extreme  tempera- 
tures cannot  be  regarded  as  more  than  approximate.  Their  accuracy 
was  improved  by  differentiating  all  the  values  at  0^,  comparing  the 
differential  with  the  figures  in  Plates  1  and  2,  and  introducing  such 
corrections  as  increased  the  smoothness  of  the  curve. 

(9.)  Finally,  as  a  check  on  the  readings  taken  from  the  curves, 
the  values  for  each  solution  at  different  temperatures  were  differ- 
entiated, and  such  sh'ght  corrections  made  as  would  render  them  more 
regular. 

The  accuracy  of  the  values  may  be  thus  summed  up : — 

The  percentages  represent  the  truth  within  about  l/10,000th  of 
their  total  value :  their  relative  accuracy,  however,  is  probably  100 
times  greater. 

The  density  values  at  and  near  38**,  28°,  18*",  and  8°  are  more  accu- 
rate than  at  other  temperatures,  but,  with  certain  exceptions,  the 
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actual  errors  are  probably  nowhere  greater  than  one  or  two  nnits  in 
the  fifth  decimal  place.  The  exceptions  are,  (l)!all  the  solutions  at  tem- 
peratures below  about  5°  or  6^,  (2)  solutions  of  a  strength  of  30  per 
cent.*  downwards  at  temperatures  above  20°.  Here  the  errors  may 
affect  the  fourth  decimal  place. 

About  one  quarter  only  of  the  full  table  is  reprodaced  here  ;  some 
of  the  values  which  are  utilised  in  Part  VI  are  not  contained  in  it, 
and  these  are  given  in  Table  VII,  A. 

Part  III. — Elbctbic  Conductivitt. 

Grompton's  examination  of  F.  and  W.  Kohlrausch's  determinations 
of  the  electric  conductivity  of  sulphuric  acid  solutions  (Trans.,  1888, 
11 B)  led  him  to  conclude  thai  these  results,  when  difEerentiated  a 
first  time,  gave  a  continuous  but  irregular  curve ;  and,  when  difEer- 
entiated a  second  time,  a  series  of  straight  lines,  meeting  at  the 
percentages  of  84*4,  73'1,  47*6,  18*5,  and  35,  corresponding  to  the 
hydrates  with  1,  2,  6,  24,  and  150HaO,  thus  confirming  the  four 
changes  indicated  by  Mendel6efE's  density  curve,  and  showing,  in 
addition,  a  fresh  change  at  24H3O. 

I  certainly  think  that  these  results,  if  taken  by  themselves,  would 
scarcely  warrant  such  conclusions,  though  perhaps  they  might  in  some 
points  add  confirmation  to  Mendel6eff's  hydrates,  assuming,  as 
Crompton  did  at  the  time,  that  these  were  already  well  established. 
Grompton's  results,  I  found,  were  also  vitiated  in  parts  by  various 
arithmetical  mistakes,  and  I  have  therefore  reproduced  his  table  here 
(Table  VIII)  in  a  corrected  form. 

Fig.  4,  A  gives  an  illustration  of  my  drawing  of  the  direct  first 
differential,  drawn,  as  in  the  case  of  the  densities,  with  a  bent  ruler 
and  having  the  separate  sections  prolonged.  Fig.  4,  B  represents  the 
second  differential,  deduced  also  directly  from  the  experimental 
values.  This  appears  to  me  to  be  made  up  of  three  straight  lines 
and  two  curves,  and  the  breaks  indicated  by  it  correspond  in  one  case 
only  (the  monohydrate)  with  any  mentioned  by  Grompton. 

The  portion  VI  does  not  contain  sufficient  points  to  admit  of  a 
second  differentiation,  bnt  the  position  of  the  first  differential  point 
at  99' 7  per  cent,  indicates  the  possibility  of  another  change  between 
99  and  100  per  cent.f      Besides  the   breaks  shown  by  the  direct 

*  The  actual  detenniostions  at  38^  and  28°  extended  down  to  a  20  per  cent, 
solution,  but  the  possible  liberation  of  air  bubbles  rendered  the  results  below  80 
pnr  cent,  somewhat  doubtful  (see  p.  74). 

t  Tb^  values  at  the  higher  percentages  (marked  by  an  asterisk  in  the  table) 
were  selected  bj  Crompton  from  W.  Kohlrausch's  determinations.  I  have  ex- 
amined the  other  determinations  made  by  the  same  physicist,  but  without  gaining 
any  further  information  from  them. 
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^iQ»i. — Condncti-rity    of  Sulphuric  Acid  Solations. 

jyirect  First  and  Seoond  Differentials. 
Per  cent.  H2SO4. 
10         20  30  40        60        60        70        80        90 
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Per  cent.  H2SO4. 
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second  differential,  there  appears  to  be  another  at  about  3*5  per  cent., 
since,  by  differentiating  the  first  differential  curve  I,  I  always  got  a 
second  differential  consisting  of  two  straight  lines  meeting  at  this 
point,  as  shown  by  I',*  Fig.  4,  B. 

Considering  the  paucity  of  the  determinations,  and  the  severe 
strain  put  upon  them  by  two  direct  differentiations,  I  think  that  they 
are  fairly  conclosiye  in  favour  of  the  second  differential  being  recti- 
lineal, and  Grompton  has  done  good  service  by  drawing  our  attention 
to  this  fact.t 

The  positions  of  the  various  changes  which  I  consider  to  be  shown 
are  the  following,  although  the  indications  can  in  no  case  be  taken  as 
proof : 

99-5,  96-8,  94*  84»,  63  (or  perhaps  73$),  37*6,  9'5*,  and  35  per  cent. 

Those  marked  by  an  asterisk  are,  I  think,  the  best  established. 

I  am  glad  to  be  able  to  state,  with  Mr.  Crompton's  authority,  that 
he  agrees  with  me  in  the  criticism  which  I  have  here  given  of  these 
conductivity  determinations,  and  that  he  considers  that  the  interpre- 
tation which  he  originally  put  on  them  must  naturally  fall  through, 
now  that  it  appears  that  Mendel^ff  was  mistaken  in  his  statements 
as  to  the  densities,  for  Grompton  never  regarded  the  conductivity 
results  as  sufficient  to  stand  by  themselves,  but  only  as  affording 
additional  proof  to  a  theory  which  had  (as  he  then  imagined)  been 
already  satisfactorily  established  by  other  facts. 

Part  IV. — Heat  Capacitt. 

The  unit  heat  capacity  of  a  body  is  measured  by  the  number  of 
units  of  heat  required  to  raise  a  unit  mass  of  it  V ;  it-s  specific  heat 
is  the  ratio  between  its  heat  capacity  and  that  of  some  standard 
substance  under  the  same  conditions,  the  variable  standard,  water, 
being  generally  selected.  The  two  terms  are  precisely  analogous  to 
"density"  and  ''specific  gravity;"  the  former  measures  a  property 
of  the  substance,  the  latter  measures  the  difference  between  the  pro- 
perties of  two  substances. 

The  unit  of  heat  being  the  amount  necessary  to  raise  1  gram  of 
water  from  0^  to  1°,  it  is  most  important  in  ordinary  calorimetry  to 

*  Placed  one  diyinon  of  the  paper  higher  than  it  should  be.  The  numerical 
▼aluee  are  given  in  Table  IX. 

t  The  curvature  of  line  II  might,  perhapi,  be  reduced  to  straightnesB,  if  we  had 
sufficient  points  to  indicate  changes  at  9  and  19  per  cent.,  suoh  as  my  density  results 
show. 

X  According  to  the  first  differential,  the  position  of  this  change  might  be  63  or 
78  per  cent.,  the  second  differential  favours  the  former  view ;  but  a  small  error  in 
one  determination  only  would  alter  the  case. 
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know  the  heat  capacity  of  water  at  different  temperatures.  Such 
determmations  as  have  been  made  of  it  show,  unfortonatelj,  very 
large  discrepancies,  Regnanlt's  resalts,  which  are  known  to  have 
been  miscalculated,  being  generally  taken.  The  value  at  IS"",  deduced 
from  the  four  most  concordant  seta  of  determinations  available,*  is 
1*006  ;  in  the  present  work  I  took  1*005  bj  mistake. 

The  most  accurate  method  of  general  applicability  known  for  tbe 
determination  of  the  heat  capacity  of  weak  solutions,  consists  in 
dissolving  some  strong  solution  of  the  same  substance  in  water  at 
two  different  temperatures.  The  difference  in  the  heat  evolved  is 
equal  to  the  difference  between  the  total  heat  capacities  of  the 
reagents  (water  and  strong  solution)  and  that  of  the  resulting  weak 
solution. 

H  -  H'  =  (U  -  V)(i'  -  t). 

To  apply  this,  various  quantities  of  a  sulphuric  acid  solution  of 
58  per  cent,  strengthf  were  dissolved  in  water  at  15°  and  2V  (t  and  f)  : 
the  rise  of  temperature  noticed  being  r  and  r'  in  the  two  cases,  W 
being  the  weight  of  solvent  water,  w  that  of  the  strong  solution, 
w'  the  weight  of  the  apparatus,  and  c,  c\  d'  and  c.  the  heat  capacity 
of  the  water,  the  strong  solution,  the  resulting  weak  solution,  and  the 
apparatus  respectively,  we  get — 

[(w  -h  w)e'  +  w^  c.y  -  [(w  +  w)c"  +  v)'c;\r  = 

[(Wc  -h  w'c,  4-  W)  -  (w'c,  +  (W  4-  w)c"](^'  -  0, 


whence 

(W  +  «)  (r'  -  r  +  <'  -  0 


,,_  (Wc  +  wc-Xf  —  0  +  V)\  (r'  —  r) 


A  drawback  to  the  general  use  of  this  method  is,  that  the  heat 
capacity  of  the  strong  solution  must  first  be  known ;  but  it  need  be 
known  approximately  only,  since  an  error  of  1  per  cent,  in  its  value 
will  introduce  an  error  of  only  0*0005  in  the  heat  capacity  of  a  5  per 
cent,  solution,  and  will  affect  all  the  results  regularly  in  inverse  pro- 
portion to  the  strength  of  the  solution  obtained. 

The  method  assumes  that  the  heat  capacity  of  the  liquids  con- 
cerned is  the  same  at  the  lower  as  at  the  higher  temperature.  This 
is  not  the  case;  but  the  difference  is  very  small.  Judging  by 
Marignac*s  results,  the  difference  at  temperatures  6°  apart  would  be 
only  about  T^^th  for  most  5  per  cent,   solutions,  and  the  error 

*  BegDAult's  reoalculated  by  Bosscha,  Baumgartner's,  y.  MunchhauBen's  and 
Henricbsen's.     (See  Landolt  and  Bdmstein,  Tabellen,  176.) 

+  A  solution  of  this  strength  gires  a  resulting  solution  of  the  mftximnTn  strength 
with  the  smallest  possible  rise  of  temperature. 
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thereby  introduced  would  be  almost  entirely  counterbalanced  by  the 
heat  capacity  of  the  water  varying  in  the  same  direction  as  that  of 
the  solution. 

The  determinations  were  made  in  the  same  way  as  those  men- 
tioned in  Part  Y.  As  it  was  practically  impossible  to  take  exactly 
the  same  weight  of  the  strong  solution  at  the  two  temperatures, 
the  results  obtained  were  plotted  out  into  curves,  and  the  readings  of 
these  curves,  at  points  near  those  at  which  the  actual  experiments 
existed,  were  taken.  Two  determinations  at  least  were  made  near 
each  point. 

Two  opposite  thermometric  errors  of  0'(X)05°  in  the  determination 
of  r  and  /*  would  cause  an  error  of  0'00017  in  the  heat  capacity 
found.  With  sulphuric  acid,  the  rapid  increase  in  the  heat  evolved 
with  the  amount  of  strong  acid  used  renders  it  impossible  to  plot 
out  the  values  for  this  evolution  on  a  sufficiently  open  scale,  and  the 
error  may  be  doubled  from  this  cause  alone.  This  source  of  error 
was  reduced  in  the  present  case  by  taking  the  readings  for  r  (and  /), 
not  only  from  the  curves  directly  representing  them,  but  also  from 
curves  in  which  the  values  for  r/w  were  plotted  out.  The  error, 
therefore,  in  the  heat  capacities  might  probably  amount  to  0'00025,t 
and,  judging  by  the  regularity  of  the  results  themselves,  it  never 
appears  to  exceed  this. 

The  determinations  were  extended  to  a  12  per  cent,  solution  by  a 
second  series  of  determinations,  in  which  the  strong  acid  was  dis- 
solved in  a  4*6  per  cent,  acid,  instead  of  in  water.  The  heat  capacity 
of  this  solvent  acid  had  been  determined  by  the  first  series,  and  the 
two  series  were  made  to  overlap. 

Results  obtained. 

The  results  with  the  weaker  solutions  are  given  in  Table  X,  the 
experimental  values  being  quoted  in  the  first  four  columns.  The 
values  for  r  and  /  for  a  round  number  of  grams  of  solution,  w,  as 
determined  from  the  curves  directly  representing  these  quantities, 
are  g^ven  in  the  sixth  and  eighth  columns,  whilst  the  mean  of  these 
values  and  those  deduced  from  the  r/w  and  r'jw  curves  are  given 
in  the  seventh  and  ninth  columns.  With  the  stronger  solutions 
(Table  XI)  the  values  for  r  and  r  were  deduced  solely  from  the  r/w 
and  r'lw  curves.J 

*  These,  of  course,  are  not  dependent  on  the  differences  between  two  experi- 
mental yalues  onlif, 

t  The  average  difference  between  Thomson's  duplicate  determinations  is  about 
0-003. 

X  Anyone  plotting  out  these  values  will  notice  irregularities  in  the  case  of  r/w 
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Fig.  5,  A  illustrates  the  diagram  representing  these  results.  It 
consists  of  four  distinct  curres,  of  which  II  and  III  are  the  best 
established ;  these  bend  in  opposite  directions,  and  do  not  appear  to 
meet  at  all.  The  same  want  of  continuity  seems  to  exist  between 
curves  I  and  11,  whilst  there  are  not  enough  determinations  (only 
two)  to  settle  the  nature  of  curve  lY  (the  dotted  line),  and  whether 
it  touches  curve  III,  or  not.     There  are  4, 9, 11  (three  of  series  1  and 


Fia.  6. — ^Heat  Capacity  of   Sulphuric  Acid  Solutions. 
Per  cent.  HaS04.    Fig.  A. 


20 


40  60  80 

Per  cent.  H^04.    Fig.  B. 


100 


eight  of  series  2),  and  2  experimental  points  on  these  four  con- 
stituent curves  respectively.     The  break  at  4  per  cent,  depends  on  a 

for  about  8  graniBi  and  //lo  for  about  8' 5  grams,  which  are  somewhat  too  great 
to  be  attributed  to  error.  In  my  drawing  I  have  erred  on  the  safe  side,  by  smooth- 
ing out  these  irregularities.  The  ralues  in  brackets  in  the  table  show  what  differ- 
enoea  their  not  being  smoothed  out  would  make. 
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difference  of  O'OOld,  or  five  times  tlie  experimental  error,  besides,  of 
course,  being  established  by  the  general  direction  of  the  corves  on 
either  side  of  it :  the  exact  position  of  the  change  near  1  per  cent, 
cannot  be  determined,  and,  indeed,  the  recognition  of  any  change  at 
all  here  is  a  difficnlt  matter ;  it  is  best  done  by  carefully  drawing 
curve  II,  and  producing  it  to  0  per  cent.,  when  it  will  be  found  that 
all  the  points  below  1  per  cent,  lie  above  the  prolongation.* 

The  first  differential  obtained  directly  (Tables  X  and  XI)  is  shown 
in  Fig.  6,  B  :  the  changes  are  fairly  well  marked,  but  the  nature  of 
the  constituent  curve  is  somewhat  doubtful,  owing  to  the  curvature 
being  very  small  in  comparison  with  the  experimental  error.  A 
second  differentiation  (Table  XII  and  Fig.  6,  G)  reduces  these  curves 
to  straight  lines.  Fig.  6,  A  represents  the  first  differential  obtained 
from  the  smoothed  curve.  Fig.  5,  A  (Table  XIII)  :  it  differs  from  the 
direct  first  differential  in  representing  the  constituent  portions  I  and 
III  as  straight  lines,  instead  of  curves ;  this  is  but  a  natural  result  of 
the  process  of  smoothing,  and  of  the  smallness  of  the  differences  on 
which  the  curvature  in  this  case  depends. 

Fio.  6. — Heat  Capacity  of  Weak  Sulphurio  Acid  Solutioos. 

First  diffarential  from  the  ourye  and  from  the  experiments.    Second  differential 

from  the  latter. 


-^006 
-01 

^HH 

-006 

Fig.B 

-01 

4  6 

Per  cent.  H^04. 


10 


12 


*  In  this,  and  other  caies,  it  is  sometimes  advantageous  to  draw  some  particular 
curre  on  [a  more  open  scale  than  could  be  done  accurately  by  plotting  out  the 
experiments  themselyes.  This  may  be  effected  by  drawing  the  curre  first  on  a 
small  scale,  taking  readings  firom  this,  plotting  these  out  on  a  large  scale,  and  draw- 
ing a  smoothed  curve  through  them. 
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Whether  the  heat  capacities  require  one  or  two  differentiatioiiB  to 
reduce  them  to  straight  lines,  mnst,  therefore,  be  regarded  as  some- 
what uncertain,  the  evidence  being  in  favonr  of  the  latter  view. 

The  positions  of  the  changes  are — 

9*85,  4*0,  and  1*0  per  cent., 

of  which  the  first  two  are  very  clearly  marked. 

A  point  of  some  interest  arises  as  to  these  curves.  The  heat 
capacity  mnst  be  a  continuous  function  of  the  strenf^  of  the 
solution,  and  hence  the  drawings  here  made  of  the  results  cannot  be 
correct  at  the  points  near  1  and  4  per  cent.,  where  the  curves  are 
represented  as  not  meeting  each  other.  I  think  it  probable  that  the 
main  curves,  I,  II,  and  III,  are  connected  by  short  curves  of  a  totally 
different  nature,  resulting  from,  and  representing,  a  state  of  passage 
between  the  different  conditions  which  exist  in  the  main  curves. 
This  is  supported,  perhaps,  by  the  fact  that  there  is  one  experimental 
point  at  4'I  per  cent,  exactly  between  the  two  curves.  No  such 
intermediate  condition  is  noticed  in  the  density  or  heat  results,  but 
in  the  heat  capacity  we  are  studying  a  property  of  a  nature  totally 
different  from  that  in  these  other  cases ;  the  density  is  a  property 
undeT  fixed  conditions,  and  the  heat  of  dissolution  is  a  measure  of  a 
portion  of  the  potential  energy  in  the  substance,  also  under  fixed 
conditions,  whereas  the  heat  capacity  is  the  work  which  has  to  be 
expended  on  the  substance  in  order  to  alter  its  conditions. 

The  smallness  of  the  difference  between  the  sum  of  the  heat 
capacities  of  the  strong  acid  +  that  of  the  water  (or  4*6  per  cent,  acid), 
and  that  of  the  resulting  weak  acid,  is  noticeable,  and  might  excuse 
a  superficial  observer  in  concluding  that  no  chemical  action  occurred. 
In  series  I  we  find — 

Per  cent.  H^Of.        c".»  c  +  c'.f  Diff. 

2-67  0-98084  0-98396  -0-00312 

506  0-96125  0-96510  -0-00385 

while  in  seriefl  II  the  cases  of  maximum  difference  are — 

Per  cent.  H3SO4.        c".»  c  +  c'.f  Diff. 

8-42  0-93631  0-93611  +000020 

9-55  0-92668  0-92739  -0-00071 

Calculating  pure  HjSOi  (heat  capacity  0*3332)  and  water  as  the 
constituents,  the  differences,  though  greater,  are  still  small — 


*  Heat  capftcitj  of  resulting  solution, 
t  Heat  capacity  of  components. 
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Per  cent.  HaS04.  tf".*  c  +  c'.f                        Diff. 

3  0-97812  0-98475  -000663 

6  0-95452  0-96469  -0-01017 

9  0-93137  0-94454  -0*01317 

12  0-90862  0-93438  -002576 

Fig.  5,  B  (p.  91)  represents  the  heat  capacities  of  strong  solutions 
ased  in  the  subsequent  heat  of  dissolution  determinations,  as  deduced 
from  Berthelot's  table  {Mec,  Chim,,  1, 496),  which  collects  the  values  of 
Thomson,  Marignac,  and  Pfaundler.  Beyond  illustrating  the  general 
irregularity  of  this  property  as  a  function  of  percentage  composition, 
and  the  probability  of  the  more  marked  changes  occurring  at  about 
10,  50,  and  73  per  cent.,  they  can  afford  no  definite  information  as  to 
the  nature  of  the  figure,  through  lack  of  sufficient  points. 

Part  V. — Heat  of  Dissolution. 

In  1875  Berthelot  (Ann.  Chim,  Fhys.  [5],  4,  446)  published  his 
determinations  of  the  heat  evolved  when  solutions  of  different 
strengths  of  the  commoner  acids  and  alkalis  are  diluted  with  an 
excess  of  water,  and  concluded  that  there  were  signs  of  changes  near 
certain  points,  indicating  in  an  approximate  manner  the  existence  of 
hydrates  in  solution.  His  determinations  were  numerous,  but  would 
not  seem  to  be  accurate  enough  for  settling  the  question,^  even  if 
sufficient  data  had  been  quoted  to  permit  of  their  recalcalation  into  a 
form  suitable  for  mathematical  analysis. 

Thomson  afterwards  {Thermochem,  Untersuch.,  3,  1—114)  went 
n fresh  over  the  same  ground, §  and  also  investigated  the  ca-ses  of  many 
salts  as  well.  His  conclusions — that  the  action  was  regular,  and 
that  hydrates  higher  than  those  known  in  the  solid  form  did  not 
exist  in  solution — ^were  in  direct  opposition  to  Berthelot's,  and  have 
gained  a  ready  acceptance  amongst  chemists.  || 

Thomson's  conclusions  are  indeed  remarkable.  The  points  deter- 
mined on  each  curve  rarely  exceeded  six^  (sometimes  there  were  only 

*  Heat  capacitj  of  reeulting  Bolution. 

t  Heat  capacitj  of  oomponents. 

t  The  initial  temperatures  sometimefl  varied  4^  or  6°,  and  the  heat  capacities 
used  were  yerj  uncertain. 

§  He  had  previously  (Ber,,  1870,  496)  inyestigated  sulphuric  acid,  as  also  had 
Hess,  Graham,  Ahria,  Fayre  and  Silbermann,  and  especially  Pfaundler  (Ber.f 
1869, 122). 

II  **  The  generallj  adopted  '  hjdrate  theory '  of  solution  can  scarcely  be  expected 
to  surriye  the  dissemination  of  Thomsen's  researches "  (P.  Muir,  Elements  of 
Thermal  Chemisiry,  167). 

%  And  these  points  were  least  suited  for  showing  irregularities,  since  they  cor- 
responded to  simple  molecular  proportions  (see  a  remark  of  Crompton'v,  Proc, 
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three  or  fonr),  a  number  scarcely  snfficieixt  for  determining  even  tlie 
general  character  of  the  reaction,  and  yet,  in  many  of  the  cases  where 
they  appeared  sufficient,  they  showed  that  this  general  character  was 
eminently  irregular.  In  10  cases  out  of  53,  the  value  of  the  reaction 
changes  its  sign,  in  two  others  the  irregularity  is  palpable,  and,  even 
in  those  a^ons  of  greatest  apparent  regulariiy,  it  is  found  that  no 
simple  equation  can  represent  all  the  results.  The  equations  which 
express  the  results  with  strong  solutions  generally  give  values  too 
low  when  extended  to  weaker  ones*  (see  Ohem,  News,  64,  215)  ;  nor 
can  they  be  extended  in  the  opposite  direction  with  any  better 
success.  Thus,  Thomsen  has  extended  his  curve  in  the  case  of  copper 
chloride  so  as  to  give  the  heat  of  dissolution  of  liquid  CuClt,2HtO ;  if 
he  had  extended  it  further  still,  so  as  to  get  the  value  for  CuGlt 
itself,  he  would  have  recognised  the  inadmissability  of  such  a  process ; 
for  the  value  obtained  (9233  cal.)  gives,  as  the  heat  of  formation  of 
liquid  dihydrate  fi-om  its  liquid  components,  1434  cal.,  whereas  this 
quantity  should  be  nearly  identical  with  that  of  its  formation  in  the 
solid  state  from  the  solid  components,  which  direct  experiment  gives 
as  3540  cal.f  With  calcium  chloride  the  case  is  still  more  striking. 
Thomsen's  determinations  give — 

CaCla,10HaO+i»H,O  =  — ^^5_^  2,508, 
w  "h  o'Oo 

from  which  the  heat  of  dissolution  of  liquid  GaClt)6HtO  should  be 
11801  cal.,  instead  of  6640  cal.,  as  my  direct  determinations  prove  it 
to  be,  and  that  of  liquid  OaClj  should  be  —3460  cal.,  a  negative 
quantity,  whilst  even  the  aoUd  salt  gives  a  positive  evolution  of  as 
much  as  19250  cal. 

Thomsen's  results  with  sulphuric  acid  are  of  special  importance, 
not  only  from  his  having  studied  this  acid  more  fully  than  any  other 
substance  (12  points  were  determined !),  but  that  the  seeming  regu- 
larity of  these  results  is  for  ever  being  urged  against  the  hydrate 
theory  of  solution.     The  language  in  which  he  expresses  his  con- 

1888,  38,  of  which  Thomsen's  yalues  for  SO3  and  SOs,iHsO  form  excellent  illustra- 
tions ;  the  former  lies  within  experimental  error  on  the  extension  of  his  curre  for 
H3SO4  +  iftHjO,  the  latter  is  yeiy  far  remored  from  it). 

*  Thus  Thomsen's  equation  for  sulphuric  acid  is  inapplicable  beyond  19HsO, 
that  for  nitric  acid  beyond  SHsO,  and  that  for  hydrochloric  acid  seems  to  be  inap- 
plicable everywhere. 

t  If  the  heat  of  fusion  of  the  hydrated  salt  is  (as  Peison  concluded  from  the 
instanoes  which  he  examined)  equal  to  the  sum  of  those  of  the  anhydrous  salt  and 
water  present,  the  identity  would  be  absolute.  I  think  it  probable  that  in  many 
eases  this  equality  does  not  hold  good  (indeed  there  are  instances  in  which  it  cer- 
tainly does  not),  but  the  discrepancy  could  hardly  make  as  much  difference  as  in 
the  instanoes  quoted  above. 

H  2 
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olnsioiis  as  to  the  onrve  representing  them  is  of  a  most  positive 
and  nncompromising  character.  "  One  sees,"  he  says  (III,  8),  "  that 
the  fixed  points  can  be  nnited  by  a  regular  cnrve,  and  that  thronghont, 
there  are  nowhere  any  signs  of  an  irregolarity,  such  as  would  indicate 
the  formation  of  definite  hydrates."  He  then  gives  the  equation  for 
the  hyperbola  representing  this  cnrve,  and  a  table  showing  the  near 
agreement  of  the  found  and  calculated  values  for  HtSO*  +  a;HiO, 
when  the  values  for  x  are  1,  2, 3, 5,  9, 19,  and  1600,  and  then  proceeds, 
''  One  sees  that  the  differeuces  are  very  small,  and  are  positive  or 
negative  indiscriminately*  There  is,  therefore,  no  doubt  but  that 
the  heat  evolved  on  diluting  liquid  sulphuric  acid  with  water  is  a 
contiuuous  function  of  the  water  used,  and  excludes  absolutely  the 
acceptance  of  definite  hydrates  as  existing  in  the  solution." 

The  concordance  of  the  found  and  calculated  values  for  these  seven 
points  is,  indeed,  remarkably  good,  but,  even  if  it  were  absolute,  it 
could  scarcely  warrant  such  a  conclusion,  especially  when  it  is  remem- 
bered that  the  portion  where  this  agreement  exists  is  but  little  more 
than  one  per  cent,  of  his  whole  curve^f  and  that  throughout  the  remain- 
ing ninety -nine  hundredths  of  it  there  is  no  agreement  at  all,  the 
differences  reaching  as  high  a  value  as  683  cal. 

If  any  conclusions  at  all  can  be  drawn  from  Thomsen's  work,  they 
must  certainly  be  in  favour  of  the  probable  irregularity  of  the  actions 
in  question. 


*  If  the  differencea  between  the  calcnlated  yalaes  and  the  experimental  pointe 
are  tabulated  for  all  of  the  latter,  the  indiaoriminftte  arrangement  of  the  +  and  — 
errors  is  by  no  means  apparent.    They  are — 

X-  1,  2,  8,  5,  9,  19,  49,  99,  199,  899,  799,1699 
Diflfl  «  -3,  +H  -80,  -27,  +66,  -59,  -544,  -688,  -686,  -467,  -180,  +17 

Had  Thomson  extended  his  determinations  to  more  dilute  solutions,  he  would  hare 
found  still  greater  dlfferenoes.  My  ralue  tor  x  ^  ac  (determined  by  the  extension 
of  an  experimental  cur?e  which  reached  as  far  as  0*04  per  cent.,  or  15,000  H^O) 
compared  with  the  yalue  calculated  by  his  equation,  gires  a  difference  of  +  8238 
cal. 

t  Measured  along  the  abscissa,  which  represent  the  number  of  molecules  of 
water  added  to  HsS04 :  the  concordance  is  exhibited  as  far  as  the  19th  HjO :  the 
curre  extends  to  1599  H^O.  Measured  along  the  curve  itself,  the  relative  propor- 
tions of  the  regular  and  irregular  parte  would  depend  on  the  scale  used :  with  the 
scale  adopted  by  Thomseu  in  Fig.  AB,  Table  I,  vol.  iii,  the  regular  part  would 
measure  1*8  per  cent,  of  the  whole  figure. 

It  is  but  fair  to  state  that  Thomsen  afterwards  {loc,  cit.,  p.  56)  suggests  that  this 
aberration,  which  must  invalidate  his  conclusions,  may  be  due  to  the  contraction  on 
mixing,  but  he  offers  no  evidence  in  favour  of  such  a  view,  and  no  explanation  of 
why  the  effect  of  this  action  should  be  appreciable  only  in  those  cases  (weak  solu- 
tions) where  it  occurs  to  the  smallest  extent. 
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GhrcLjpHic  JRepresentaiion  of  BesuUs, 

.  ^e  qnestion  as  to  tlie  plottiog  of  the  results  becomes  of  paramount 
P^i^ce  when  ct  m&tHematical  analysis  of  the  curves  obtained  has 
J^  performed. 

^^fi  drawingB  ipv-liioli.  I  give  in  Fig.  7  refer  to  calcium  chloride, 
^d&n  better  for  t>li©  purpose  of  illustration  than  the  more  com- 
plicated results  ^^it^li.  sxxlphuric  acid ;  the  heat  curves,  however,  are 
very  similar  in  tbe   t^^wro  cases. 

Fio.  7. 
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When  the    dexisities  are   plotted  against  percentage  composition 
(A)  or  when  €h&   molecular  volumes  are  plotted  against  molecular 
composition  C^) ,  rectilineal  or  parabolic  figures  are  obtained  in  each 
case  differing  only  in  distribution  of  the  experimental  points  along 
them  (the  same  six  experiments  are  plotted  in  all  the  figures) ;  but,  if 
we  plot  the    densities   against  molecular  composition  (C),  or  the 
molecular  volnmes  against  percentage  composition,  we  get  a  compli- 
cated byperbolic  figure,  most  unsuitable  for  mathematical  analysis. 
Yet  sucb  is  the  method  of  plotting  which  has  heretofore  been  adopted 
in  the  case  of  all  heat  results ;  the  heat  of  dissolution,  or  formation, 
of  tkjixed  weight  of  the  dissolved  substance  (the  so-called ''  molecular  " 
heat  of  dissolntion,  but  molecular  in  a  sense  different  from  that  of 
molecular  volume,  since  it  bears  no  reference  to  the  molecular  com- 
position of  the  solution)  being  plotted  against  the  molecular  com- 
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position  of  the  solution.  Fig.  7,  F  (p.  97)  represents  the  heat  of 
dissolution  thus  plotted;  if  inverted  it  will  represent  the  heat  of 
formation  (F*)  as  plotted  by  Thomsen. 

As  any  quantity  expressing  the  heat  of  dissolution  in  a  manner 
corresponding  to  ''molecular  volume"  has  no  meaning  (such  as 
molecular  weight  -r-  heat  of  dissolution),  we  must  abandon  the  repre- 
sentation according  to  molecular  composition  altogether.  I  plotted 
out  in  the  first  instance  the  heat  of  dissolution  of  various  solutions 
containing  gram-molecular  proportions  of  the  salt,  against  percentage 
composition  (£).  On  differentiating  this,  however,  no  satisfactory 
results  could  be  obtained,  another  apparently  continuous  curve  being 
producedi  Mri  Crompton  then  suggested  that,  instead  of  plotting 
the  heat  of  dissolution  of  gram-molecular  proportions,  we  ought  to 
take  the  heat  of  dissolution  of  100  grams  of  the  solution  (Fig.  D). 
Satisfactory  results  were  obtained  in  this  way.  Similar  results 
would  no  doubt  be  arrived  at  by  taking  the  heat  of  formation  of 
100  grams  of  the  solution ;  such  a  curve,  instead  of  falling  from  a 
maximum  down  to  zero,  would  start  at  zero  (at  the  point  where  no 
water  vras  present),  rise  to  a  maximum,  and  then  fall  back  again  to 
zero. 

Method  of  ExperimenHng. 

Two  classes  of  determinations  were  made : — 

1.  "  Mixing"  experiments,  in  which  420  c.c.  of  the  solutions  were 
mixed  with  successively  equal  volumes  of  water.  A  detailed  descrip- 
tion of  the  new  mixing  calorimeter  devised  for  this  purpose,  and  the 
method  of  using  it  will  be  found  in  the  Fhtl.  Mag,^  March,  1890. 

2.  "  Dissolution  *'  experiments,  in  which  4  to  80  grams  of  a  strong 
solution  were  dissolved  in  600  c.c.  of  water  (ibid,), 

Oaleulation  of  the  Bestdts, 

To  be  comparable,  all  the  results  must  be  calculated  out  for  the 
same  final  dilution :  this  must  be  not  less  than  that  obtained  in  the 
determination  with  the  weakest  solution  used  (0*04  per  cent.). 
Theoretically  the  dilution  should  be  infinite,  and  the  heat  evolved  for 
infinite  dilution  is  in  this  case  easily  obtained  by  plotting  out  the 
results  (for  dilution  down  to  0*04  per  cent.)  against  percentage  com- 
position, and  extending  the  curve  as  far  as  0  per  cent.  All  the 
present  results  are  expressed  for  infinite  dilution. 

Let  t  and  t'  be  the  initial  and  final  temperatures  in  any  determination, 
where  w  grams  of  solution  is  mixed  with  W  grams  of  water,  the 
water  equivalent  of  the  apparatus  being  to'c^  and  the  heat  capacity  of 
the  resulting  solution  being  e",  then,  the  heat  developed  by  diluting 
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100  grams  of  the  solutioii  to  the  same  extent  as  in  the  act^ 
ment  (D**^  observed)  will  be — 

T>w_  100[(W  +  w)c"  +  w'c;\{t'  -  0 
100 

To  reduce  the  valnes  for  D^^  in  the  various  mixing  experiments  \JtK  " 
what  thej  wonld  be  if  the  final  strength  of  the  solution  was  the  sameO^ 
as  in  the  last;  determination  of  the  series,  we  must  add  to  each  the 
heat  evolved  on  diluting  the  (about)  200  grams  of  weak  solution 
obtained,  with  a  further  equal  volume  of  water  (determined  in  the 
next  experiment),  then  that  evolved  on  diluting  the  resulting  (about) 
400  grams  to  a  similar  extent,  and  so  on,  till  the  last  stage  of  dilution  is 
reached,  lliese  values  are  then  plotted  out,  and  the  heat  evolved  on 
diluting  the  last  solution  with  infinity  of  water  is  found,  and  the 
whole  results  recalculated  with  this  as  the  zero  point.  Thus  the 
heat  of  dissolution  of  any  solution  to  infinity  (D^),  or  even  to  a  state 
of  considerable  dilution,  depends  not  only  on  the  actual  determina- 
tion with  that  solution,  but  on  all  the  other  determinations  with 
weaker  solutions  increased  in  geometrical  proportion.  '*  The  correc- 
tion "  for  infinite  dilution  to  be  applied  to  the  observed  values  in  the 
case  of  sulphuric  acid  is  particularly  large:  with  an  18  per  cent, 
solution  it  amounts  to  656  cal.,  that  is,  twelve  times  the  quantity 
measured  (47  cal.)  in  the  actual  determination. 

It  is  evident  from  this,  how,  inadvisable  it  is  to  extend  the  mixing 
experiments  to  solutions  of  greater  strength  than  is  absolutely 
necessary. 

With  the  dissolution  experiments,  the  *'  correction  to  infinity "  is 
relatively  small,  since  the  strength  of  the  solution  obtained  in  any 
determination  is  far  less  (25  to  0*25  per  cent.)  than  in  a  mixing 
experiment ;  but  even  here  it  attains  very  large  proportions,  some- 
times amounting  to  nearly  3000  cal.,  and  sometimes  exceeding  the 
evolution  measured  in  the  determination  itself.  The  correction*  has 
to  be  deduced  from  the  curve  representing  the  results  of  the  mixing 
experiments,  very  carefully  enlarged  in  the  manner  indicated  on 
p.  92. 

The  so-called  "  molecular  "  heat  of  dissolution  is  deduced  from  that 
of  100  grams  by  multiplying  the  latter  by  the  molecular  weight  of 
the  anhydrous  substance,  and  dividing  by  the  percentage  composition 
of  the  solution. 


•  Pj?  -  D«»  obs.    +(d^»^L±J?Y  in  which  D^*  is  the  heat  of  diasolution 

ng  in  the  detenninatio 
cen  respectiTely. 
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o£  100  grams  of  a  solution  of  the  strength  of  that  resulting  in  the  detennination, 
and  W  and  to  the  weights  of  water  and  strong  solution  taken  respectiTely. 
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Experimental  Error, 

The  average  difference  in  the  readings  of  the  heat  evolved  as  given 
by  the  two  thermometers  used  together  in  the  mixing  calorimeter, 
was  O'OOOS**,*  which  would  represent  a  difference  of  only  0'13  cal.  in 
the  two  values  for  D^^  in  the  one  determination ;  but  the  values  for 
DJ^  would  contain  an  accumulation  of  similar  errors  from  all  the 
determinations  with  weaker  solutions,  so  that  it  is  impossible  to 
estimate  the  probable  accuracy  of  these  latter  values,  except  by  com- 
paring them  with  the  dissolution  experiments  (see  below). 

In  the  dissolution  experiments,  the  average  difference  in  the  inde- 
pendent duplicates  was  found  to  be  7*6  cal.  (in  the  corrected  values 
for  DJ^),  so  that  the  mean  error  of  a  single  determination  is  5'4  cal., 
and  that  of  the  mean  of  two  determinations  is  3*8  ca1.,t  the  probable 
errors  being  two-thirds  of  these  quantities.  Two,  and  often  three, 
determinations  were  made  at  each  point. 

This  error  is  certainly  very  small,  since  an  error  of  only  0*001** 
(01  mm.  of  the  thermometric  column)  in  the  rise  of  temperature 
measured  would,  on  the  average,  make  a  difference  of  4*1  cal.  in  each 
result,  and  the  errors  entailed  in  the  application  of  the  large  correc- 
tion for  dilation  to  infinity  could  not,  from  a  priori  considerations,  be 
placed  at  less  than  double  this  value.  Yet  the  smaJlness  of  the  actual 
error  is  well  established  by  some  150  determinations  in  the  present  case, 
and  in  other  cases  where  the  correction  to  infinity  is  smaller,  and 
the  weight  of  solutions  taken  can  be  larger,  the  mean  error  deduced 
from  some  200  experiments  is  less  than  half  the  value  here  given. 

Besides  the  magnitude  of  the  '*  correction "  and  the  small  weights 
of  strong  acids  which  have  to  be  taken,  {  there  are  other  special 
sources  of  error  in  the  present  case,  owing  to  the  rise  of  temperature 
and,  consequently,  the  rate  of  cooling  being  more  than  usually  great, 
and  owing  to  the  tubes  from  which  the  acid  has  been  emptied  having  to 
be  weighed  out  on  a  delicate  balance  as  well  as  may  be,  between  the 
one  minute  intervals  when  the  thermometer  is  read,  and  while,  often, 
a  drop  of  the  hygroscopic  acid  is  running  down  the  outside  of  the 
tube. 

In  differentiation  we  depend  on  the  relative  accuracy  of  consecutive 
observations,  and  the  error  in  comparing  these  would  not,  I  think,  be 
much  greater  than  in  comparing  duplicate  experiments  with  the 
same  solution:  the  only  cause  (provided  the  compositions  of  the 
solutions  are  known  correctly §)  which  could  make  it  larger  would  be 

*  Deduced  from  more  determinations  than  the  present  paper  contains, 
t  Varying  from  6  to  2  cal.  with  the  strength  of  the  solution  dealt  with. 
i  To  reduce  the  great  rise  of  temperature. 

§  Errors  in  the  percentage  composition  of  a  magnitude  such  as  are  shown  to  be  pro- 
bable from  the  irregularities  in  the  first  differentials  of  the  densities,  would  scarcely 
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the  different  strengths  of  the  final  solntions,  and,  consequently,  their 
different  heat  capacities,  and  the  difference  in  the  correction  for 
infinity;  bnt  the  quantities  taken  in  duplicates  generally  differed 
so  much,  that  there  would  often  be  a  greater  difference  in  final 
strength  with  the  duplicates  than  with  consecutive  determinations. 
Such  a  difference  in  the  quantities  taken,  though  it  increases  the 
divergence  of  the  duplicate  results  from  the  mean,  tends  to  bring 
that  mean  nearer  the  true  vaJne. 

Besulta  obtained. 

Of  the  two  series  of  mixing  experiments  (Table  XlV),  the  first  and 
fuller  one  was,  owing  to  the  frequency  of  the  changes  exhibited  with 
very  weak  solutions,  alone  available  for  extension  so  as  to  get  the  value 
for  infinite  dilution.  A  curve  obtained  by  plotting  out  the  values  for 
^c?/!p  ^^  ui  this,  and  other  cases,  found  more  adapted  for  extension 
to  0  per  cent,  than  the  D^  curve  itself.  In  the  calculation  of  the 
last  determinations  in  both  series,  errors  were  subsequently  discovered 
(indicated  in  the  table),  but,  as  the  difference  made  by  them  was  far 
within  the  limits  of  experimental  error,  it  was  not  thought  worth 
while  to  recalculate  the  results  in  consequence.  The  strouger  solu- 
tions used  in  these  experiments  were  made  up  independently  of,  and 
therefore  had  not  quite  the  same  composition  as,  the  solations  obtained 
in  the  vai'ious  preceding  determinations;  to  apply  the  small  corrections 
necessary  on  this  account,  the  results  had  first  to  be  calculated  on  the 
assumption  that  the  two  solutions  in  question  had  been  identical 
(values  given  in  the  column  headed  DJ^,  approx.),  the  correction 
determined  from  the  curve  which  these  values  formed,  and  then  the 
various  results  recalculated. 

Leaving  these  for  the  present,  the  dissolution  experiments 
(Table  XY)  will  be  examined  first. 

On  a  small  scale  they  form  a  curve  of  great  seeming  regularity,  very 
similar  to  that  shown  in  Pig.  7,  D  (p.  97).  The  difliculty  of  treating 
them  on  a  scale  commensurate  with  the  experimental  error  is  con- 
siderable, owing  to  the  rapidity  of  the  increase  and  the  magnitude  of 
the  quantities  measured.  They  were  generally  treated  in  three  over- 
lapping portions,  drawn  to  difierent  scales,  the  total  length  of  which 
was  some  13  feet. 

The  two  extreme  portions  of  what  I  consider  as  being  the  smoothed 
curve  representing  these  results  are  illustrated,  though  very  imper- 
fectly, by  Fig.  8  (next  page).  The  whole  figure  is  continuous  throughout, 

bare  an  appreciable  effect  on  the  heat  of  dissolution  results,  since  the  error  thereby 
caosed  in  the  plotting  of  the  results  is  partially  counterbalanced  by  an  opposite 
error  introduced  into  the  calculation  of  the  magnitude  to  these  results. 
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except  in  the  vicinitj  of  20  and  50  per  cent.,  where  the  discontinuity 
mnst,  I  think,  be  due  to  some  error.  Like  the  density  curves,  it  can 
only  be  drawn  in  separate  sections,  but,  unlike  these,  the  sections  all 
cut  each  other  on  prolongation.    The  average  divergence  of  the  experi- 

Fia.  8. — Heat  of  Dissolution  of  Sulphuric  Acid  Solutions. 
Per  cent.  HsSO^.    Fig.  A. 
Q^     82-5  86  87-5  90  925  95  97-5  100 

Fig.  A  I 
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Per  cent.  H,S04.    Fig.  B. 

mental  points  (the  means  of  two  or  three  determinations)  from 
the  curve  drawn  was  almost  exactly  what  it  should  be,  according  to 
the  estimate  of  the  error  deduced  above  from  the  difference  between 
duplicates,  and  varied  from  6'5  cal.  with  the  stronger  solutions  (100 
to  80  per  cent.)  down  to  2*1  cal.  with  the  weaker  ones*  (30  to  5  per 
cent.).  There  are,  on  the  average,  about  six  mean  experimental 
points  on  each  section.     Of  the  various  changes,  that  at  9  per  cent. 

•  Someirhat  larger  errors  may  be  noticed  in  this  and  in  other  cases,  -where  two 
solutions  of  nearly  the  same  strength  have  been  used.  But  in  such  instances  the 
second  determinafcion  was  made  owing  to  there  having  been  some  doubt  as  to  the 
accuracy  of  the  first:  they  would,  therefore,  lead  to  a  wrong  estimate  of  the 
average  error. 
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^^P^liaps  the  xxio8i>  max*ked:  some  change  at  about  995  per  cent,  is 
^blislied  hy  tlie  Hi^liest  two  points  (containing  six  determinations), 
^^itiese  are  insixfficiexit  to  permit  of  any  drawing  being  made  of  the 
^'^eonwhicli  they  lie. 
^  diferenticttixig'    this  smoothed  curve  (Table  XYI),  the  results 
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illustrated  by  Fig.  9,  B  (p.  103)  were  obtained,  eacb  separate  section  of 
the  original  figure  yielding  either  a  cnrye,  or  a  straight  line,  as  a  first 
differential.  Two  details  may  be  mentioned  : — (1)  that  a  drawing  of 
the  original  curve  may  be  made,  obliterating  the  change  at  36  per 
cent.,  but  that  the  differential  from  this  drawing  (given  at  the  end  of 
Table  XYI)  still  shows  a  change  here ;  (2)  that  no  change  at  84  or  73 
per  cent. — the  composition  of  the  mono-  and  di-hydrate — is  noticeable 
in  the  experimental  curve,  and  only  becomes  apparent  after  differentia- 
tion. 

The  first  differential  curve  was  then  differentiated  (Table  XYI),  and 
a  discontinuous  figure,  which  was  rectilineal  throughout,  was  thereby 
obtained  (Fig.  9,  E,  p.  103).  The  comparative  magnitude  of  the 
changes  at  the  higher  percentages  is  the  chief  point  to  be  noticed 
respecting  it. 

On  reconsidering  these  results,  grave  doubts  were  entertained  as 
to  the  correctness  of  the  conclusions  drawn.  It  seemed  possible  that 
there  might  be  some  unknown  sources  of  error  in  the  experiments, 
and  that  the  splitting  up  of  the  curve  was  but  a  consequence  of  the 
manner  in  which  the  figure  bad  been  drawn. 

To  settle  this  point,  the  results  were  again  plotted  out,  but  on  a 
scale  about  half  as  open  as  before,  and  the  curve  was  drawn  without 
paying  any  attention  to  the  position  of  the  changes  previously 
noticed,  and  purposely  smoothing  out  all  seeming  irregularities. 
The  only  part  which  could  not  legitimately  be  smoothed  over  was  the 
change  at  9  per  cent.;  the  curve  therefore  starts  at  this  point. 
The  readings  of  this  curve  will  be  found  in  Table  A  VII,  and  the  diffe- 
rential deduced  from  thom  is  illustrated  by  Fig.  9,  C.  It  certainly 
offers  ample  justification  for  the  interpretation  given  to  the  large 
scale  drawing ;  for,  in  spite  of  the  excessive  smoothing,  it  still  shows 
the  majority  of  the  changes  which  the  latter  had  shown ;  their  exact 
position  has  in  some  cases  been  slightly  altered  by  the  smoothing, 
and  in  four  cases — ^namely,  at  97'6,*  88,*  84,  and  36  per  cent. — they 
have  been  entirely  obliterated,  but  the  general  agreement  is  far 
better  than  could  have  been  expected.  Table  B,  p.  109,  gives  the 
position  of  the  changes  shown  by  the  two  drawings. 

The  application  of  a  direct  differentiation  to  the  experimental 
values  proved  a  matter  of  great  difiicnlty,  and  no  success  was 
obtained  till  the  error  was  diminished  by  treating  them  in  two  series 
(last  two  columns  of  Table  XV)  .f    The  result  of  this  treatment,  how- 

*  Of  these  two,  howeyer,  there  were  some  indications ;  those  at  84  and  86  per 
cent,  were  yeiy  feebly  marked  eren  in  the  large  curve. 

t  See  footnote,  p.  74 ;  there  are  here  Mb  many  pairs  of  differential  points  deduced 
from  determinations  with  solutions  of  nearly  the  same  strength,  that  I  have 
marked  them  A  and  A',  &o. ;   A  being  a  differential  deduced  from  two  deter- 
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ever,  is  to  diminisli  the  cniratnre  of  the  constitaent  parts  of  the 
differentia],  and  to  obliterate  two  of  tlie  more  feebly  marked  cbanges 
at  84*  and  97*5  per  cent.  Fig.  9,  A  (p.  103)  illnstrates  the  figure  thns 
obtained.t  On  applying  a  second  differentiation  to  this  (Table  XVIII), 
a  rectilineal  fignre  was  the  resnlt,  closely  resembling  the  second 
differential  obtained  from  the  smoothed  experimental  curve  (Fig.  9, 
E),  except  in  the  parts  between  80  and  88  per  cent.,  and  between 
94  and  100  per  cent.,  wbere  the  nature  of  the  first  differential  was 
uncertain,  and  the  straight  lines  here  drawn  to  represent  it  gave  two 
horizontal  lines  on  the  second  differentiation.  No  illustration  of  this 
second  differential  is  here  given. 

The  remaining  drawing,  D,  in  Fig.  9,  is  worthy  of  special  attention. 
It  shows  the  results  of  pushing  the  smoothing  process  still  further 
than  was  done  in  what  I  have  termed  the  ultra-smoothed  curve, 
which  gave  the  differential,  Fig.  9,  C.  If,  instead  of  taking  readings 
from  the  ultra-smoothed  experimental  curve  at  every  1  or  2  per  cent., 
we  take  them  at  considerable  distances,  say,  at  every  5  percent.,  greater 
smoothing  will  be  produced  in  the  differential  obtained  from  them ; 
but,  though  the  majority  of  the  changes  are  thereby  obliterated,  the 
magnitudes  of  those  near  certain  points  are  intensified,  and  we  get 
Fig.  9,^  D,  which  cannot  be  drawn  except  as  three  distinct  curves, 
one  of  whicii  bends  in  the  opposite  direction  to  the  other  two. 

The  mixing  and  dissolution  experiments  have  to  be  treated  sepa- 
rately, for,  where  they  overlap  (5  to  18  percent.),  there  is  a  consider- 
able difference  between  them.  This  difference  reaches  as  much  as 
16  cal.,  but,  as  it  would  be  caused  by  a  single  error  of  0*06  cal.  or 
O'OOOS^  in  the  experiment  with  the  weakest  solution  (0'08  per  cent.) 
— supposing  all  the  other  determinations  to  be  absolutely  correct — it 
must  be  considered  to  show  a  remarkable  degree  of  concordance.^ 

In  dealing  with  these  mixing  experiments,  the  rapid  increase  in 
the  heat  evolved  renders  it  necessary  to  plot  them  out  to  several 
different  scales.      The  most  extensive  of  these    is    illustrated  by 

minations  omrked  A,  and  A'  being  one  from  one  determination  marked  A  and  one 
marked  A'. 

*  The  irregularity  of  the  points  near  this  percentage  indicated  the  probability  of 
some  change.    But  there  were  not  enough  points  to  define  it. 

t  The  line  XVIII  is,  of  course,  not  established,  and  is  ordy  of  use  in  showing 
the  existence  of  a  change  above  99  per  cent.  The  drawings  of  the  yarious  smoothed 
experimental  curres  do  not  extend  beyond  this  percentage. 

X  Better  concordance  might  be  obtained  by  re-calculating  the  mixing  experi- 
ments, starting  with  the  strongest  solution  and  working  downwards,  instead  of 
starting  with  the  weakest  solution  and  working  upwards,  as  in  the  first  case.  The 
actual  Talue  to  be  taken  for  the  strongest  solution  would  have  to  be  deduced  from 
the  results  of  the  dissolution  experiments,  a  considerable  number  of  these  being 
performed  at  the  point  in  question. 
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Fig.  10,  A  :*  the  clianges  which  occur  in  it,  of  which  the  best  marked 
one  is  at  4  per  cent.,  are  of  the  same  character  as  those  in  the  region 

Fig.  10. — Heat  of  Dissolution  of  Sulphuric  Aoid  Solutions. 
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of  stronger  solutions.  The  general  change  in  direction  at  the 
'  extreme  end  is  very  remarkable :  it  is  illustrated  on  an  enlarged 
scale  in  Fig.  10,  B.  The  curve  here  is  of  such  a  nature  that  it 
cannot  be  drawn  conveniently  with  a  bent  ruler ;  and  more  satisfac- 
tory results  were  obtained  by  plotting  out  the  values  for  DJf /p,  as 
shown  in  Fig.  11. 

This  figure  is  well  worthy  of  attention.  The  results  of  the  second 
series  of  experiments  are  distinguished  from  the  others  by  crosses ; 
the  point  at  0*88  per  cent,  appears  to  be  somewhat  anomalous ;  but, 
whether  we  include  it  or  omit  it  (as  has  here  been  done  in  making 
the  present  drawing),  it  will  be  apparent  that  the  inclination  of  the 
curve  becomes  very  abrupt  somewhere  about  0*4  per  cent.,t  and  that 

*  The  highest  determination,  that  at  18  per  cent.,  is  too  far  from  the  next  lower 
one  (9  per  cent.)  to  be  of  any  serrioe  in  drawing  the  curyes. 

t  It  may  be  here  noted  that  this  remarkable  change  could  not  haye  been  revealed 
by  Thomsen's  determinations,  since  his  results  ended  with  a  0*84  per  cent,  solu- 
tion. The  importance  of  extending  any  series  of  determinations  to  the  greatest 
dilution  possible  is  rendered  very  eyident  by  the  present  results. 

There  are  two  slightly  different  drawings  of  this  curye  below  0*16  per  cent. ; 
both  are  treated  in  Table  XX. 
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Pig.  IJ. — Heat  of  Dissolution  of  Sulphuric  Aoid  Solutions. 

Calories  -h  percentage  strengtli. 


0-6      0-6      0-7 
Per  cent.  H1SO4. 

about  0*1  per  cent,  it  alters  its  direction  again,  bending  in  the  oppo- 
site direction. 

If  this  form  of  plotting  the  results  be  extended  to  stronger  solu- 
tions, the  cui've  again  bends  upwards,  presenting  on  the  whole  the 
same  general  appearance  as  Fig.  7,  B  (p.  97),  the  values  for  DJ**/p 
being  of  the  same  nature  as  those  for  the  so-called  molecular  heat  of 
dissolation. 

The  differentiation  of  the  mixing  experiment  curve  (Table  XIX)*  is 
illustrated  in  Fig.  12  (next  page).  The  first  differential,  A,  is  composed 
of  well-marked  curves  ;  whilst  the  second  one,  B,  is  rectilineal  within 
experimental  error.  The  comparative  magnitude  of  the  changes  with 
very  weak  solutions  may  be  judged  by  the  portions  III  and  IV,  which 
are  reproduced  as  dotted  lines  in  Fig.  9,  B  and  E.  On  a  larger  scale,  a 
certain  amount  of  curvature  in  the  second  differential  line  I  is  notice- 
able, but  this  is  probably  due  to  error.  A  difference  in  the  nature  of 
the  curvature  of  line  Y  in  the  first  differential,  as  shown  by  the 
mixing  or  dissolution  experiments,  will  also  be  noticed,  and  is  no 
doubt  due  to  the  rapid  accumulation  of  small  errors  in  the  former. 

The  number  of  changes  which  existed  with  weak  solutions  showed 
that  it  would  be  useless  to  perform  a  direct  differentiation  of  the 
e2:perimental  valaes,  owing  to  the  comparative  paucity  of  the  deter- 
minatioQfi. 


*  The  Talues  for  the  weakest  solution  were  deduced  from  readings  of  the 
DJJ^/p  curve. 
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Fig.  12. — Heat  of  Dissolution  of  Sulphuric  Acid  Solutions. 
First  and  Second  Differential  from  the  Smoothed  Ouxres^ 


The  positions  of  the  varions  changes  shown  by  the  heat  of  dissoln- 
tion  resnlts  are  collected  in  the  following  table,  B.  The  ultra-smoothed 
curve  gives  approximations  only :  the  results  obtained  from  an  ex- 
amination of  the  smoothed  experimental  curve  (together,  sometimes, 
with  that  of  the  first  differential  deduced  from  it)  are  more  trust- 
worthy than  those  from  the  direct  first  differential.  The  mean  does 
not  include  the  values  in  the  first  column. 

The  concordance  of  the  position  of  the  changes,  as  determined  by 
the  two  methods  of  analysis,  is  veiy  good;  yet,  the  heat  results 
generally  cannot  be  regarded  as  very  satisfactory  when  considered 
by  themselves,  and,  looking  at  the  number  of  determinations  which 
were  made,  and  the  care  which  was  taken  about  them,  they  proved 
somewhat  disappointing. 

Perhaps  such  a  result  should  have  been  anticipated,  owing  to  the 
thermometer  being  an  instrument  50 — 100  times  less  delicate  than 
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Table  B. — Position  of  the  Changes  in  the  Heat  of  Dissolution  Curves, 


From  the  lat  diffl  of  the 

nltn-smoothed  curre 

(approximate). 

From  the 
smoothed  ourre. 

From  the  direct 
let  diff.  curve. 

Mean. 

__ 

99-5 

99 -21 

99-35 

Po88iUy97'5 

97-3 

— 

97-3 

94 

93-6 

93-8 

98-83 

87 

88-9 

890 

88-95 

— 

84  0 

— 

84  0 

76* 

79  0 

79  0 

79-0 

73-0 

73-0 

73  0 

61 

58-3 

60-0 

59  15 

49 

49-5 

49  0 

49-25 

— 

86-5 

89  0 

37-75 

28 

28-0 

28-5 

28-25 

20 

19-8 

190 

19  15 

9-5 

8-7 

9-8 

9  0 

4-07 

4  07 

113 

1-13 

0-40 

0-40 

Oil 

Oil 

the  balance  on  which  the  denBities  depend,  and  to  the  fact  that  the 
results  of  the  individual  determinations  cannot  be  util  ised  directly,  as 
the  densities  can,  without  the  application  of  complicated  calculations 
and  corrections.  Many  of  the  changes  are  so  feebly  marked  that 
much  uncertainty  must  prevail  as  to  their  existence  and  position ;  it 
was  only  by  the  expenditure  of  an  amount  of  time  and  trouble,  of 
which  the  present  account  can  give  but  a  faiut  idea,  that  any  definite 
conclnsions  could  be  arrived  at.  It  is  not  difiB.cult  to  see  the  reason 
of  this.  The  magnitude  of  the  individual  changes  appears  to  bear  no 
relation  to  the  magnitude  of  the  total  heat  evolved,  or  to  the  rapidity 
with  which  this  increases  with  the  strength  of  the  solution.  These 
last  two  peculiarities  of  the  reaction  have  the  sole  effect  of  renderiug 
the  experimental  error  almost  double  what  it  would  be  in  any  ordi- 
naiy  case,  and  of  necessitating  the  adoption  of  methods  (differentia- 
tion in  alternate  series)  which  tend  to  obliterate  the  sharpness  with 
which  the  changes  of  curvature  are  marked. 

Table  G  (p.  110)  contains  the  values  for  the  so-called  molecular  heat 
of  dissolution  (D*  ).  The  strengths  entered  are  either  such  as  corre- 
spond to  the  hydrates  which  exist  according  to  the  present  work,  or 
such  as  will  permit  of  a  comparison  of  my  own  determinations  with 
those  of  Thomsen  and  Pfaondler  (Thermochem,  Untersuch.,  3,  54,  and 

*  Yery  imcertain.    There  might  be  a  change  on  each  side  near  76  per  cent^ 
instead  of  one  at  76  per  cent. 
f  Probably  rather  higher. 
VOL.  LVU.  I 
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Table  D. — Heat  Evolved  on  Addition  of  Various  Proportions  of 
Water  to  Sulphuric  Add  Solutions  at  17*91°. 

H^SO^mHaO,  «H,0. 


m. 

n. 

Pickering. 

Pfeundler. 

Thomsen. 

Gal.  per  mol.  HjO 
added.  (Pickering.) 

0 

6667 

6888 

6879 

6667 

1 

8289 

— 

8089 

3239 

2 

1792 



1719 

1792 

3 

1204 

1263 

— 

1204 

4 

840 

888 

— 

840 

5 

665 

715 

— 

665 

5 

1983 

— 

1844 

484 

9 

10 

1286 

— 

1304 

129 

19 

5 

175 



— 

850 

49 

50 

196rf 

— 

174 

8-9 

99 

100  ' 

-14m 

— 

207   . 

-0  14 

199 

200 

425 



248 

218 

899 

400 

487 

— 

328 

1-22 

799 

800 

409 

— 

216 

0-51 

0 

i 

1306 

_ 

7836 

■r 

i 

1221 

—. 

— 

6326 

1 

2272 



— 

6716 

i 

i 

1867 

— 

— 

5601 

1 

i 

1956 

— 

— 

3912 

f 

i 

1288 

— 

— 

2566 

510 

990 

670 

— 

— 

0-677 

1500 

8700 

1142 

— 

— 

0-308 

0 

i 

2706 

2770 

_ 

5540 

0 

1 

6667 

6838 

6379 

6667 

0 

2 

9906 

— 

9418 

4953 

0 

8 

11698 

11647 

11137 

3899 

0 

4 

12902 

'   12910 



3225 

0 

5 

13742 

1   13798 

13108 

2748 

0 

6 

14407 

14513 

14952 

2401 

0 

9 

15675 

— 

— 

1742 

0 

19 

16916 

— 

16256 

890 

0 

49 

17361 

— 

16684 

248 

0 

99 

ri7557rf 
1 17662m 

— 

16858 

174 

0 

199 

17648 

— 

17065 

89-7 

0 

899 

18073 

— 

17313 

45-5 

0 

799 

18560 

— 

17641 

23-2 

0 

1599 

18967 

— 

17857 

11-8 

Jakresb,y  1869,  122).  Table  D  gives  the  values  for  the  heat  evolved 
on  adding  various  proportions,  and  also  successive  proportions,  of 
water  to  the  strong  acid.     Where  there  might  be  a  doubt  aa  to 
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whether  the  values  were  deduced  from  the  mixing  or  dissolation 
experiment,  the  letters  m  and  d  have  been  inserted. 

The  error  in  these  absolute  values  is,  of  course,  very  different  from 
that  of  the  relative  values  of  successive  determinations,  which  has 
heretofore  been  alone  considered.  A  difference  of  D'OOl"*  or  0*2  cal. 
in  the  determination  of  the  value  for  a  0*4  per  cent,  solution  would 
make  a  difference  of  50  caJ.  in  the  heat  of  dissolution  of  H^SOi 
itself  ;*  yet  the  concordance  of  the  mixing  and  dissolation  experi- 
ments showed  that  the  actual  error  accumulated  as  far  as  18  per  cent, 
could  not  have  amounted  to  more  than  one-seventh  of  this,  so  that  the 
value  for  HtSO^,  is,  in  all  probability,  right  considerably  within  50  cal. 
To  compare  my  values  with  Thomsen's  and  Pfaundler's,  these  latter 
must  all  be  increased  by  2124  and  8411  cal.  respectively,  the  heats  of 
dissolDtion  of  the  weakest  solutions  (0*34  and  4*377  per  cent.)  which 
these  two  physicists  obtained  in  their  final  experiments.  Pfaundler's 
values,  it  will  be  seen,  agree  very  satisfactorily  with  my  own,  there 
being  but  one  instance  in  which  the  difference  between  our  resnlts 
exceeds  100  cal.,  whereas  Thomsen's  results  are  all  considerably 
lower,  the  difference  amounting  to  as  much  aa  1112  cal.  in  the  case 
of  the  pure  acid.  This  difference,  I  imagine,  may  be  caused  by 
errors  due  to  Thomsen*s  mixing  calorimeter,  or  to  the  acid  which 
he  used  not  being  as  strong  as  HsSOi.f 

It  will  be  seen  by  the  footnote  at  the  bottom  of  Table  G  (p.  Ill) 
that  my  values  are  probably  somewhat  high,  but  the  excess  would  be 
almost  exactly  counterbalanced  by  taking  98  instead  of  97*82,  as  1 
have  done,  for  the  molecular  weight  of  HtSOi :  Pfaundler  and  Thomsen 
took  the  former  of  these  values. 

The  manner  in  which  the  results  are  stated  in  Table  D  does  not 
show  the  discrepancy  between  Thomson's  results  and  those  of 
Pfaundler  and  myself  so  forcibly.  A  considerable  difference  will  be 
noticed,  however,  in  the  case  of  H2SO4799H8O,  800HaO — Thomsen's 
last  determination.  There  is  certainly,  I  think,  an  error  here,  and 
it  will  affect  all  his  values  for  D"  (see  Trans.,  1889,  325). 

It  will  be  seen  from  the  upper  portion  of  the  last  column  of 
Table  D  that  the  heat  evolved  for  HsO,  on  the  addition  of  successive 
portions  of  water,  diminishes  till  I99H2O  have  been  added,  that  it 
then  increases,  and  again  diminishes.  From  the  last  portion  of  this 
column  it  will  also  be  seen  that  the  heat  evolved  on  adding  the  first 

*  If  it  were  determined  by  mixing  the  acid  with  consecutiyely  equeU  Tolumes  of 
water,  as  in  the  "  mixing  "  experiments,  the  error  of  0*2  cal.  at  0*4  per  cent,  would 
make  an  error  of  600  cal.  in  the  yalue  for  HJ1SO4. 

t  He  says  nothing  about  the  preparation  or  analysis  of  it,  and  his  raluee  are 
such  as  would  be  obtained  with  a  commercially  "  pure*'  acid  of  97 — 98  per  cent. 
Pfaondler  took  pains  to  prepare  his  acid  by  crystallisation. 
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^  mol.  of  water  to  H2SO4  is  considerablj  less,  instead  of  greater,  than 
that  eyolvod  on  the  addition  of  the  second  ^HaO,  as  it  should  be  if 
the  curve  were  regular  throughout.  Thus  there  are  at  least  two 
portions  of  the  curve  which,  even  on  a  cursory  inspection,  show  that 
it  does  not  possess  that  general  regularity  which  the  supporters  of 
the  physical  theory  of  solution  are  so  anxious  to  attribute  to  it. 

Pabt  VI. — ^Expansion  by  Heat. 

A.  As  a  Function  of  Percentage  Composition, 

The  density  determinations  made,  supply  the  means  of  calculating 
the  expansion  of  the  solutions  by  heat.  In  doing  so  we  depend  on 
the  comparison  of  two  series  of  results  at  different  temperatures,  and, 
hence,  the  conclusions  drawn  may  be  regarded  as  almost  independent 
of  those  already  drawn  from  the  densities  themselves,  where  we 
depended  on  the  results  of  one  series  at  the  sajne  temperature. 

If  Si  and  8%  be  the  densities  at  ^1  and  ^,  the  expansion,  or  increase  in 

volume,  will  be  -  —  1,  the  volume  at  the  lower  temperature  ti  being 
S2 

taken  as  unity.  In  this  way  I  have  calculated  the  expansion  in 
several  cases,  but  have  preferred  to  take,  for  the  purposes  of  analysis, 
the  complementary  property  of  the  decrease  of  density,  *i  —  «j*  :  the 
figures  in  the  two  cases  are  of  a  similar  nature,  but  the  latter  present 
the  advantages  of  (1)  an  error  in  the  densities  causing  an  error  of 
the  same  magnitude  throughout ;  (2)  an  error  in  the  density  deter- 
minations having  generally  a  smaller  effect  (actual  and  relative)  on 
the  results ;  (3)  of  necessitating  fewer  calculations,  and  possibilities 
of  mistakes. 

The  solutions  used  at  17*925^  had  not  the  same  composition  as 
those  used  at  the  other  temperatures,  so  that,  if  we  take  the  actual 
experimental  values,  we  can  only  get  the  expansion  for  about  10^, 
from  28-064'  to  38-203° ;  for  about  20%  from  T^rS"*  to  28-064°;  and 
for  about  30°,  from  I'^y^""  to  38*203''.  These  values  are  given  in 
Table  XX. 

To  utilise  the  resnlts  at  17*925°,  the  values,  as  reduced  to  round 
percentages  (and  also  to  whole  degrees  of  temperature),  given  in 
Tables  YII  and  VIIa,  must  be  taken.  From  these  we  get  three  series 
for  a  rise  of  10°,  two  for  a  rise  of  20°,  and  one  for  a  rise  of  30°  ;  they 
are  given  in  Table  XXI,  and  will  probably  yield  more  uniform  results 
than  those  derived  from  the  unreduced  densities,  since,  in  the  reduc- 
tion, a  few  obvious  errors  were  corrected  (see  p.  70). 

In  the  case  of  the  numerous  results  with  strong  solutions,  and  for 

*  This  di?ided  by  the  density  at  the  higher  tempentture  gives  the  expansion. 
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results  below  20  per  cent.,  the  redaced  densities  at  8^  and  18^  are 
alone  sufficientlj  trnstwortlij  for  the  present  purposes.  Table  XXI 
ftlso  contains  the  values  for  the  expansion  proper  for  the  three  10° 
iatervals. 

Pig.  13  gives  a  representation  of  some  of  the  results  obtained,  the 
signs  of  the  values  for  the  decrease  in  density  having  been  changed 
to  +,  so  that  the  figures  may  be  more  easily  compared  with  those  for 
the  expansion  proper.      A,  C,  and  D  give  the  decrease  in  density  for 

Fig.  13.— Decrease  of  Density,  and  Bxpansion  of  Sulphuric  Aoid  Solution! 
on  being  heated  30^  20%  and  l(f. 
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intervals  of  30°,  20*,  and  10**,  dednced  from  the  i*ednced  values ;  B  and 
P  (which  should  be  rabed  \  and  1  division  of  the  paper  respectively), 
the  values  for  the  other  intervals  of  10** ;  G  (which  should  be  raised 
IJ  div.  of  the  paper)  shows  the  expansion  proper  for  10° ;  and  B 
(which  should  be  raised  \  div.)  gives  the  decrease  in  density  for  the 
3(f  interval  as  deduced  from  the  unreduced  density  values. 

All  the  figures  resemble  the  first  differential  of  the  densities  in 
heing  continuous   throughout,*   and  yet   necessitating   their  being 

•  Except  in  some  parts  of  B,  where  the  discontinuity  is  probably  the  result  of 
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drawn  in  sections,  when  a  bent  roler  is  nsed  for  that  purpose.  The 
separate  sections  are  indicated  in  the  present  illustration  in  the  cases 
of  A,  B,  and  the  end  portions  of  D  only.* 

The  agreement  of  the  experimental  points  with  these  drawings  is 
somewhat  better  than  in  the  case  of  the  first  differential  of  the 
densities  (Plates  1  and  2,  p.  184)  when  the  same  scales  are  nsed. 

Both  as  regai*ds  the  position  of  the  changes  and  the  nature  of  the 
constituent  curves,  the  various  figures  resemble  each  other  so  closely, 
that  I  have  analysed  by  differentiation  that  only  which  refers  to  the 
30°  interval,  supplementing  it  in  the  case  of  very  strong  and  weak 
solutions  by  a  similar  examination  of  Fig.  D. 

The  direct  differentiation  (Table  XXI,  and  Pig.  14,  A)  gives  a  figure 
composed  of  three  straight  and  two  slightly  curved  lines,  there  being 
three  parts  of  it  in  which  the  results  are  too  doubtful  to  permit  of 

Fie.  14. — ^Bxpansion  of  Sulphuric  Acid  Solutions. 

First  and  Second  Differentials. 

Per  cent.  H8SO4. 
40        50       60 


40        60        60 
Per  cent.  H2SO4. 


70        80        90       100 


any  drawing  being  made.  Indeed,  it  could  hardly  be  expected  that 
the  decrease  in  densities  would  stand  a  direct  differentiation,  for  the 
original  values  here  are  merely  the  differences  between  two  experi- 
mental results  and,  even  in  the  case  of  the  30"*  interval,  they  are  only 
comparable  in  accuracy  with  the  first  differential  of  the  densities. 

A  differentiation  of  the  smoothed  curve  (Fig.  13,  A,  p.  115)  led  to 
better  results  (Table  XXII  and  Fig.  14,  B),  and  supplied  sufficient  data 

*  In  plotting  out  the  results  from  the  uhreduoed  densities,  considerable  assist- 
ance may  be  derired  from  a  study  of  Plates  1  and  2,  which  will  indicate  which 
determinations  probably  contain  exceptionally  large  errors. 
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for  the  drawing  of  those  parts  where  the  direct  differentiation  had 
failed.  The  whole  of  the  figure  from  50  to  88  per  cent,  is  rectilinear, 
the  other  portions  of  it  heing  made  up  of  gentle  cnrves.  A  second 
differentiation  (Table  XXII)  reduces  all  these  cnrves  to  straight  lines, 
and  giyes  the  figure  illustrated  by  C,  Fig.  14.  There  are,  of  course, 
non-comformable  points  between  most  of  the  lines  constituting  this 
figure. 

The  first  differential  of  the  curye  for  the  10**  interval  for  weak  and 
strong  solutions  will  be  seen  from  Fig.  14,  D,  to  be  made  up  of  sundry 
straight  lines :  the  portion  III  does  not  appear  to  apply  quite  as  far 
as  0  per  cent.,  the  last  few  points  in  tiie  diagram  exhibiting  an 
irregularity,  which  indicates  the  occurrence  of  some  change  at 
0*3  to  0*4  per  cent. ;  but  this  is  simply  a  suggestion. 

Table  £  (p.  118)  summarises  the  information  as  to  the  position  of 
the  changes  derived  from  a  study  of  the  various  results.  The  numbers 
given  at  the  bottom  of  the  columns  refer  to  the  weight  which  has 
been  assigned  to  the  figures  in  that  column  in  deducing  the  mean : 
the  weighting  has  been  made  in  proportion  to  the  interval  of  tem- 
perature to  which  the  expansion  applies :  the  results  drawn  from 
a  direct  differentiation,  the  differentiation  of  the  smoothed  curve, 
and  also  from  the  inspection  of  the  original  curve,  count  as  indepen- 
dent observations,  so  that  the  value  attached  to  the  results  from  that 
curve  in  which  the  changes  have  been  established  by  differentiation 
may  amount  to  two-thirds  of  that  attributed  to  the  evidence  derived 
from  a  mere  inspection  of  all  the  other  curves  together.  This  is  the 
only  instance  in  which  I  have  attributed  any  weight  at  all  to  conclusions 
drawn  from  an  experimental  diagram,  without  confirming  the  changes 
shown  in  it  by  differentiation.  Such  changes  as  are  specially  doubt- 
ful are  enclosed  in  brackets,  and  to  these  only  half  the  value  of  the 
other  points  has  been  attributed. 

The  general  concordance  of  the  results  is  certainly  satisfactory. 
Very  little  weight  can  be  (and  is)  attached  to  the  indications 
between  89  and  50  per  cent,  for  the  10°  intervals.  Nearly  all  the 
results  suggest  a  change  somewhere  about  62  per  cent.,  where  none 
of  the  other  properties  studied  have  shown  one ;  this  is  very  probably 
due  to  the  results  in  this  neighbourhood  being  affected  by  some  error  in 
the  composition  of  one  or  two  of  the  solutions  (p.  76).  Due,  probably, 
to  the  same  cause,  we  have  the  fact  that  a  change  at  57  per  cent, 
is  unmarked  in  most  of  these  results,  although  it  has  been  established 
by  nearly  all  the  other  properties  investigated.  It  is  to  be  noticed 
that  a  change  at  89  per  cent,  is  well  established  by  all  these  results, 
although  of  the  density  results,  that  at  the  lowest  temperature  was 
the  only  series  which  indicated  it. 

There  are  several  points  of  interest  besides  the  position  of  the  changes. 
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Tbe  three  10*  curves,  when  compared  together,  show  that  the  effect  of 
temperature  on  this  property  is  largely  dependent  on  the  composition 
of  the  solution  taken.  At  about  57  per  cent,  the  expansion  from  S*"  to 
18°  (Fig.  13,  D,  p.  115)  shows  a  depression,  whereas  that  from  IS"*  to  28° 
(E)  shows  an  elevation,  and  that  from  28** — 38°  (P)  shows  a  uniform 
increase,  so  tliat  from  8°  to  38°  the  rate  of  expansion  of  this  solution 
will  increase  with  the  temperature.*  With  a  solution  of  about 
70  per  cent  strength,  tlie  reyerse  will  be  the  case.  All  the  peculiari- 
ties  exhibited  by  these  three  curves  are  equally  shown  by  the  corre- 
sponding curves  representing  the  expansion  proper,  one  of  which  is 
illustrated  by  Fig.  13,  G. 

There  is  a  well-marked  maximum  of  expansion,  which  in  all  cases 
appears  to  be  situated  at  86*3  per  cent. ;  a  percentage,  be  it  specially 
noted,  which  corresponds  with  no  definite  hydrate,  and  with  no 
sudden  change  in  the  curve. 

The  comparatively  high  points  shown  by  the  difference  of  density 
at  about  33  per  cent,  become  points  of  maxima  in  the  expansiot 
proper.  The  position  of  this  second  maximum  is  not  so  clearly 
defined  as  that  of  the  first,  and  appears  to  vary  somewhat  with  the 
actual  temperature.  From  8°  to  18""  it  is  situated  at  about  33  per 
cent.,  from  18°  to  28°  at  34  per  cent.,  from  28**  to  38"  at  32° ;  but 
these  variations  are  very  doubtful.  In  any  case  it  is  not  situated  at 
a  point  corresponding  to  any  abrupt  change  in  curvature.  With  the 
expansion  from  18°  to  28°,  there  is,  further,  a  slightly  marked 
maximum  at  about  57  per  cent.  It  may  also  be  noticed  that  the 
change  at  the  monohydrate  (845  per  cent.)  is  very  feebly  marked  in 
the  original  curve,  and  becomes  pronounced  only  when  we  come  to 
the  first  differential. 

That  the  constituent  curves  of  the  figure  representing  the  expan- 
sion require  two  differentiations  in  some  cases  is,  I  think,  fairly 
certain,  especialiy  when  it  is  remembered  that  the  small  magnitude 
of  the  original  quantities  dealt  with  would  favour  their  differentiation 
into  practically  straight  lines,  and  that,  in  spite  of  this,  six  out  of  the 
eleven  portions  constituting  the  first  differential  (Fig.  14,  B)  exhibit 
a  decided  curvature.  These  constituent  curves  do  not  appear  to  meet 
tangentially,  and,  consequently,  the  straight  lines  forming  the  second 
differential  do  not  meet  at  the  points  of  change. 


B,  As  a  Function  of  the  Temperature. 

The  above  results  have  shown  that  the   expansion  is  sometimes 
greater  and  sometimes  less  as  the  temperature  is  higher,  according 

*  These  features  are  barely  yisible  in  the  rough  sketch  given  in  Fig.  13. 
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to  the  strengtli  of  the  solntion.  A  few  determinations  were  made 
with  a  view  of  gaining  further  information  on  this  point. 

Three  solutions,  containing  84,  81' 1,  and  41*8  per  cent,  of  acid 
respectively,  were  taken,  and  their  densities  determined  at  every  2** 
between  6°  and  38°.  The  first  of  these  solutions  has  a  composition 
nearly  corresponding  with  that  of  the  monohydrate,  the  composition 
of  the  second  coincides  with  no  particular  hydrate,  and  the  third 
solution  was  taken  simply  at  random,  as  an  instance  of  a  weaker  solu- 
tion.    Table  XXllI  embodies  the  results. 

The  weights  of  the  contents  of  the  bottle,  when  differentiated,  give 
the  figures  in  Fig.  15.*  The  scale  is  somewhat  too  open  for  the 
experimental  error  (which  here  depends  on  the  correctness  of  the 


X 


First  Differential. 


Fig.  16. — ^Weights  of  Water  and  Acid  contained  in  a  25  c.c.  bottle 
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actual  temperatures  as  well  as  on  the  weighings),  and  the  points  for 
the  81'1  per  cent,  solution  have  not  been  inserted :  the  crosses  repre- 
sent the  mean  points  given  in  the  table.  The  three  lines  are  all  con- 
tinuous and  straight  within  the  errors  of  the  experiments,  from 
which  it  would  follow  that  the  change  of  the  density  with  tempera- 
ture is  represented  in  each  case  by  a  single  parabola  of  the  second 
oi^derf  as  far  as  the  determinations  extended. 

*  Differentiation  of  the  densities  or  rolumes  would  giye  lines  differing  only  in 
poBitioQ  ^jjd  inclination  (not  in  form)  from  those  deriyed  from  the  weights ;  but 
they  would  contain  the  errors  due  to  the  determination  of  the  capacity  of  the 
bottle  n^i  each  temperature. 

t  ^^ndel^ff  drew  the  same  condusions  from  his  determinations  with  alcohol 
solution!,  between  0°  and  30°.  The  points  determined  with  each  lolution,  howeyer, 
nerer  exveeded  fire. 
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That  this,  however,  is  not  the  case  with  all  solntions,  there  are 
theoretical  considerations  (given  helow),  as  well  as  direct  evidence,  to 
show.  In  constructing  the  tahle  of  densities  of  solntions  of  the 
acid,  the  four  results  with  each  solution  were  plotted  against  tem- 
perature, and  it  was  found  that,  whilst  with  all  solutions  of  100  to 
63,  and  from  43  to  20  per  cent.,  the  results  lay  in  an  apparently 
uniform  curve,  from  63  to  43  per  cent,  they  could  only  he  depicted 
by  two  different  curves  bending  in  opposite  directions,  or  by  two 
different  straight  lines*  (the  latter  with  solutions  from  53  to  43  per 
cent.).  This  indicates  the  existence  of  more  or  less  abrupt  changes 
at  certain  temperatures  with  some  solutions,  and  the  instimces  found 
were  too  numerous  and  consistent,  and  the  differences  too  great 
(sometimes  0*0006  of  the  density,  or  0*76°)  to  admit  of  their  being 
explained  away  by  experimental  error.  The  differential  obtained  in 
one  of  these  cases  (for  a  60  per  cent,  solution)  is  given  in  Fig.  15,  E  ; 
the  three  points,  of  which  A  is  one,  cannot  be  represented  by  the 
same  straight  line,  the  error  here  being  but  one-fifth  of  what  it  is 
with  the  lines  for  84,  81,  and  42  per  cent,  solutions  :  an  instance  is 
also  given  in  the  figure  of  the  differential  obtained  from  a  case 
(20  per  cent.)  where  the  four  experimental  points  lay  on  one  curve, 
and  here- we  get  an  uniform  straight  line.f 

It  was  certainly  unfortunate  that  the  solutions  selected  for  the 
fuller  examination  of  the  effect  of  temperature  on  density  should  not 
have  included  any  in  that  region  where  the  effect  was  subsequently 
found  to  be  irregular. 

The  different  inclinations  of  the  various  lines  in  Fig.  15  confirm 
the  previous  conclusion  that  the  rate  of  expansion  is  sometimes 
greater,  and  sometimes  less,  at  the  higher  temperature,  according  to 
the  strength  of  the  solution  examined. 


*  Or  a  dure  and  a  ffiraight  line, 
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Part  VII. — Discussion  op  the  Results. 

The  persistency  with  which  the  methods  here  adopted  for  ex- 
amining carves  has  been  misunderstood,*  renders  it  necessary  for 
me  to  say  a  few  words  on  the  subject,  even  at  the  risk  of  repeating 
myself. 

The  method  does  not  consist  in  fitting  sundry  equations  on  to  the 
curves,  and,  on  the  strength  of  the  concordance  observed,  to  conclude 
that  these  latter  are  continuous  or  otherwise.  It  is  quite  true  that 
if  a  curve  differentiates  into  a  straight  line  after  a  certain  number 
of  differentiations,  an  equation  of  a  certain  form  must  represent  that 
curve,  and,  if  it  yield  several  straight  lines,  there  must  be  as  many 
different  equations  applicable  to  different  parts  of  it ;  but  it  is  one 
thing  to  find  equations  empirically,  and  prove  (?)  their  truth  by  a 
display  of  those,  often,  most  fallacious  of  arguments  known  as  tables 
of  *'  found  "  and  "  calculated  "  values,  and  another  thing  to  apply  an 
ordinary  process  of  mathematical  analysis  to  them,  letting  them 
speak  for  themselves,  and  tell  us  whether  they  are  continuous  or  not. 
On  the  former  of  these  methods  I  would  place  absolutely  no  reliance, 
and  so  far  have  I  been  from  making  use  of  it,  that  I  have  not  found 
the  equation  for  any  single  curve  here  depicted. 

The  mathematical  argument  on  which  the  method  depends  is  that 
a  curve,  if  it  be  continuous,  will,  on  differentiation,  give  either  a 
ntraight  line  or  another  continuous  curve ;  whereas,  if  it  be  not  con- 
tinuous, but  be  made  up  of  different  curves,  it  will  yield  a  series  of 
straight  lines  or  curves.     This,  I  think,  is  an  incontestable  fact. 

Of  the  dangers  attending  differentiation,  and  the  consequent  un- 
certainty of  any  conclusions  depending  entirely  on  this  process,  I 
have  already  said  enough,  and  it  is  only  necessary  to  remind  my 
readers  here  that  the  recognition  of  the  changes  of  curvature  rarely 
depends  on  differentiation  only,  but  that  these  are  generally  notice- 
able in  the  experimental  curves  themselves.  On  the  other  hand,  it 
must  be  admitted  that  conclusions  drawn  solely  from  the  experi- 
mental curves  would  be  equally  unsatisfactory  ;  they  would  be 
tlependent  on  the  taste  of  the  draughtsman,  and  on  the  drawing  of  a 
particular  portion  of  a  figure  in  one  section — which,  without  the  sub- 
sequent evidence  supplied  by  differentiation,  would  be  no  proof  that 
the  section  drawn  is  a  single  curve — but  in  no  case  have  such  unsup- 
ported conclusions  been  drawn. 

In  some  instances,  of  course,  the  experimental  curves  might  show 

changes  of  such  abruptness  that  a  mere  cursory  inspection  would  be 

sufficient  to  prove  their  existence,  but  it  would  be  highly  improbable 

that  any  of  the  properties  here  studied  would  do  so  ;  these  properties 

•  See  Naiure,  40,  348. 
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must  be  contmnons  fnnctions  of  the  percentage  composition,  and, 
whatever  changes  they  show,  will  be  of  a  somewhat  uncertain  natnre, 
since  they  mnst  be  dne  to  changes  in  the  unstable  and  dissociating 
liquid  hydrates  present. 

The  main  point  of  my  opponent's  attack  will,  I  imagine,  be  directed 
against  the  closeness  with  which  my  drawings  follow  the  experi- 
mental values.  That  I  have  ever  gone  within  the  limits  of  known  or 
probable  errors,  I  must  deny,  and  I  have  often  left  a  considerable 
margin  beyond  these  limits :  that  there  may  be  other  unknown 
sources  of  error,  is,  of  course,  quite  possible;  but  ought  we  to 
conjure  up  unknown  possibilities  in  order  to  reduce  our  results  to 
regularity,  in  an  investigation,  the  sole  purpose  of  which  is  to  settle 
whether  they  are  regular  or  not  P  Surely,  the  only  rational  and  scientific 
method  of  procedure  is  to  draw  the  curves  in  the  first  place  so  as  to 
allow  not  much  more  error  in  the  points  than  we  know  must  exist, 
and  then  ascertain  the  results;  if  such  a  drawing  leads  us  to^ 
obviously  incorrect  conclusions,  or  to  conclusions  which  are  not  con- 
cordant in  the  various  cases  investigated,  then,  and  then  only,  shall 
we  be  justified  in  assuming  the  existence  of  unknown  errors. 

That  a  second  difEerentiation  deals  with  quantities  which  are,  in 
most  cases,  within  the  limits  of  the  error  of  the  experimental  points, 
is  quite  true  (and  this  is  the  reason  why  the  second  differentiation 
can  hardly  ever  be  performed  on  the  experimental  values  themselves), 
but  a  curve  which  is  drawn  to  represent  a  series  of  points  smooths 
out  the  errors  of  each  individual  point,  and  diminishes  this  error  in 
proportion  to  the  number  of  points  available  for  the  drawing,  just  a» 
the  mean  of  many  repeated  determinations  gives  a  result  which  is 
more  accurate  than  each  separate  determination. 

Near  the  point  at  which  two  curves  meet  the  differences  in  their 
readings  will,  of  course,  be  very  small,  and  at  the  point  of  junction, 
nil:  but  the  existence  of  the  two  curves  does  not  depend  on  the 
differences  between  the  points  at  or  near  their  junction,  but  on  the 
position  of  the  many  points  (generally  6  or  7)  on  either  side  of  the 
junction.  The  question  so  often  asked — on  what  differences  do  these 
changes  depend  ? — ^is  one  to  which  it  is  impossible  to  give  a  satisfac- 
tory answer :  a  small  difference  would  often  obliterate  certain  par- 
ticular changes  (as  with  some  of  those  in  the  heat  of  dissolution, 
results,  which  were  obliterated  by  differentiating  the  values  in  two 
series) ;  a  greater  amount  of  smoothing  will  obliterate  others  (the 
ultra-smoothed  curve) ;  but,  smooth  over  and  mutilate  the  results  as 
much  as  we  can,  we  still  have  left  some  changes,  which  gain  but 
greater  prominence  as  the  minor  ones  become  effaced.  Such  a  con- 
clusion is  drawn  from  a  study  of  the  most  (seemingly)  regular 
portion  of  the  most  regular  curve  dealt  with — ^the  heat  of  dissolution 
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curve — a  similar  examination  of  those  representing  the  other  pro- 
perties wonld  bat  enforce  this  conclnsion  more  strongly. 

The  multiplicity  of  the  changes  will,*  no  doubt,  prove  a  stumbling 
block  to  the  acceptance  of  my  conclusions  .  in  some  minds.  The 
objection  may  be  raised  on  either  mathematical  or  chemical  grounds. 
Every  one  is  aware,  of  coui*se,  that  a  curvilinear  figure  may  be 
regarded  as  being  made  up  of  a  number  of  straight  lines,  of  segments 
of  circles,  or  of  parabolas,  proyided  we  split  it  up  sufficiently.  But 
this  is  no  argument  that  some  particular  figure  may  not  in  reality  be 
made  up  of  independent  parabolas.  We  can,  as  a  matter  of  fact, 
string  a  series  of  true  parabolic  curves  together  so  as  to  make  a  con- 
tinuous and  apparently  regular  figure,  but  no  one  could  say  that 
such  a  figure  was  not  made  up  of  parabolas,  because  any  curvilinear 
figure  can  be  regarded,  for  certain  purposes,  and  within  certain  limits, 
as  being  made  up  of  such.  The  question  must  be  settled  by  inspect- 
ing the  curves,  and  deciding  whether  the  number  of  parabolas  into 
which  they  split  up  according  to  my  interpretation  at  all  approaches 
that  theoretically  infinite  number  into  which  any  curvilinear  figure, 
whatever  its  real  nature  might  be,  would  split  up ;  whether  it  is  at 
all  possible  that  a  mere  mechanical  and  chance  distintegration  of 
curvilinear  figures  of  such  very  different  magnitude  and  such  totally 
different  forms  as  those  representing  the  densities,  dilatation,  heat  of 
dissolution,  and  heat  capacity,  could  result  in  the  production  of  the 
same  number  of  parabolas  in  every  case,  and  all  locating  the  changes 
at  the  same  points.  The  impossibility  of  such  a  chance  result  will  be 
apparent,  I  think,  to  anyone  who  gives  the  matter  a  fair  consideration. 

The  chemical  grounds  on  which  the  objection  may  be  raised  are 
still  weaker.  What  reason  have  we  for  asserting  the  improbability 
of  sulphuric  acid  forming  seventeen  different  hydrates  in  solution  P 
At  present  we  know  nothing  whatever  of  the  nature  or  number  of 
hydrates  which  may  exist  in  the  liquid  condition,  but  we  do  know 
that  there  are  cases  in  which  some  four  or  five  solid  hydrates  of  the 
same  salt  have  been  isolatedf  (and  that  within  comparatively  narrow 
limits  of  composition),  and,  if  so  many  compounds  can  exist  in  the 
solid  form,  where  they  are  in  a  definite  and  stable  condition,  the 
probability  is,  I  think,  in  favour  of  the  existence  of  a  still  larger 
number  in  solution,  where  they  are,  no  doubt,  in  a  partially  dis- 
sociated condition. 

*  And  has  done  so.    Arrhenius,  FhU,  Mag,,  28,  87. 

t  With  sodium  carbonate  we  have  eight ;  with  basic  ferric  sulphate  there  is 
evidence  of  as  many  as  fourteen  (2VaiM.,  1883, 182).  The  isoktion  of  different 
hydrates  has  nearly  always  bean  the  result  of  chance  experiments ;  a  systematic 
attempt  to  obtain  fresh  ones  would,  no  doubt,  enlarge  the  number  known  very 
considerably. 
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It  is  necessary  to  draw  special  attention  to  the  definite  and  specific 
evidence  of  change  in  a  reaction,  or  property,  dedncible  from  changes 
of  cnryatnre  such  as  the  present  work  reveals,  as  opposed  to  the 
loose  and  insufficient  evidence  which,  it  is  sometimes  argued,  is 
shown  by  an  alteration  in  the  general  inclination  of  a  fignre.  If  we 
start  with  a  curvilinear  figure,  and  prove  that  on  differentiation  it 
ultimately  yields,  say,  two  different  lines  which  are  straight  within 
the  limits  of  experimental  error,  we  prove  that,  within  these  same 
limits,  it  consists  of  two  different  parabolas — two  regular  and  definite  ^ 

figures,  which,  we  may  legitimately  conclude,  represent  two  regular     57- 
conditions  or  actions  of  the  solutions.     But  a  mei'e  change  in  the     ^* 
general  direction  of  the  figure,  such  as  occur  at  points  of  maximum     C9 
or  minimum  elevation,  can  prove  no  specific  changes  at  aU,  for  it  is      ^ 
perfectly  obvious  that  such  maxima  and  minima  mny  occur  in  the      c  •  - 
middle  of  the  most  regular  portions  of  the  whole  figure.     The  position 
of  these  specific  changes  is  unaltered  by  the  manner  in  which  the 
results  are  expressed,  and  also  by  the  conditions  (such  as  temperature)      f- 


under  which  the  determinations  are  made,*  and  this  permaDcncy  is 
one  of  the  strongest  arguments  in  favour  of  their  reality ;  whereas,      ^ 
with  mere  general  changes  of  direction,  wo  find  the  reverse  to  be  the     ^ 
case;   the  position  of  a  maximum  alters  according  to  the  mode  of       ' 
expression   adopted — as   with   the    densities,   the    contraction,    the 
first  differential,  and  second  differential  of  the  densities, f  and  we  may 
almost  add,   the  expansion  by  heat,  where  the  maxima  occur   at 
97-5,  68,  73,  49,  and  86  (also  33)  per  cent,  respectively—and  its 
position  varies  also  with  the  temperature,  as  it  must  in  the  case  of 
the  densities,  J  and  has  been  proved  (Mendeleeff,  Ber.,  1886,  387)  to 
do  in  the  case  of  the  contractions. 

Agreement  of  the  Results  obtained  from  Different  Sources, 

The  establishment  of  the  particular  changes  of  curvature  which 
I  consider  exist  must  depend  mainly  on  the  concordance  of  the 
results  obtained  from  the  different  properties  studied.     These  are 

*  UnleM,  of  oouTse,  we  alter  the  temperature  bo  much  that  a  hydrate  is  entirely 
destroyed,  or  a  fresh  one  makes  its  appearance. 

t  The  maximum  in  the  case  of  the  rectilineal  second  differential  must  correspond 
to  a  specific  change ;  from  the  examples  at  our  disposal,  I  should  imagine  that  it 
also  does  so  in  the  case  of  the  first  differential.  Its  doing  so  with  the  sulphuric 
acid  densities,  explains  how  Mendel^ff ,  bj  the  inordinate  smoothing  of  this  curved 
figure,  was  led  aocidentallj  to  name  some  of  the  hydrates  which  actually  do  exist. 

{  My  results  show  that  the  rariation  is  inappreciable  from  8"  to  88",  but  if  the 
temperature  were  to  be  raised  sufficiently  high  to  destroy  all  compounds  in  solution, 
the  Ti^TiTunTO  would  be  altered  to  100  per  cent. :  consequently,  its  position  must  be 
Tttriable. 
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collected  in  Table  F  (next  page)  ;  the  changes  which  are  doubtful 
are  enclosed  in  circular  brackets,  and  are  allowed  bnt  half  value  in 
deducing  the  mean ;  the  specially  doubtful  ones  are  enclosed  in 
square  brackets,  and  are  not  included  at  all  in  the  mean,  nor  in  the 
following  discuEsion.  N.D.  signifies  that  there  were  insufficient  data 
to  show  whether  a  particular  change  existed  or  not. 

Of  the  17  changes  shown,  there  is  one  (that  at  0*1  per  cent.)  which 
oould  have  been  indicated  by  the  heat  of  dissolution  results  only ;  of 
the  remaining  16,  we  have — 

1  shown  in  two    cases. 


1 

J» 

three 

4 

»> 

four 

1 

» 

five 

7 

» 

six 

2 

11 

seven 

each  "  case  "  meaning  either  the  study  of  a  different  property,  or  of 
the  same  property  at  a  different  temperature.* 

There  is  not  a  single  instance,  I  think,  where  the  absence  of 
evidence  for  any  change  may  not  fairly  be  attributed  to  the  lack  of 
sufficient  data,  and  there  can  be  but  little  doubt  but  that  all  the  eight 
sets  of  results  would  have  shown  all  the  changes,  had  they  been 
investigated  sufficiently. 

The  average  divergence  of  the  individual  results  from  the  mean, 
as  deduced  from  the  82  cases  available,  is  only  0388  per  cent.,  there 
being  but  nine  cases  in  which  it  reaches  or  exceeds  1  per  cent. 

When  we  consider  the  extreme  difficulty  in  determining  the  exact 
point  at  which  a  change  occurs  within  1  or  even  2  per  cent.,  even 
where  the  change  itself  is  undoubted,  we  must  admit  that  this  degree 
of  concordance  is  quite  as  good  as  could  possibly  have  been  expected : 
that  it  oould  be  accidental  is  out  of  the  question,  and  we  must 
remember  that,  not  only  were  the  properties  investigated  different, 
but  that  the  greater  part,  and  sometimes  all  of  the  solutions  used  in 
investigating  one  property  were  distinct  from  those  used  in  the 
others,  the  only  exceptions  to  this  being  the  densities  of  sulphuric 
acid  at  8°,  28%  and  38°. 

There  oan  therefore  be  but  little  doubt  that,  though  there  may  be 
several  points  where  uncertainty  still  prevails,  and  where  future  work 

*  I  haye  counted  the  expansion  results  as  but  one  case  :  they  shoold,  perhaps,  be 
connted  as  two,  since  the  four  series  of  density  determination  yield  two  independent 
series  of  expansion  ralues. 

The  density  results  at  18'  are  farther  confirmed  by  their  treatment  in  the  form 
of  contractions  (p.  83). 
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may  introdace  some  modificationB,  the  g^reat  majority  of  the  changes 
which  I  have  mentioned  as  existing  are  established  beyond  all  reason- 
able question. 

Composition  of  the  Hydrates  Indicated. 

Strong  presnmptive  evidence  in  fovonr  of  the  changes  here  indi- 
cated will  be  afforded  if  it  be  fonnd  that  they  occur  at  percentages 
corresponding  to  simple  molecular  proportions. 

Unfortunately,  however,  there  are  but  seven  cases  from  which  any 
conclusion  on  this  head  may  be  drawn,  cases,  that  is,  in  which  the 
addition  of  another  molecule  of  water  would  alter  the  composition  by 
from  11  to  2  per  cent,  (marked  by  an  asterisk  in  the  table,  p.  127).* 
From  these  it  is  seen  that  the  average  difference  between  the  mean 
position  found  and  that  calculated  for  an  exact  number  of  water 
molecules  or  half  molecules  (the  latter  in  three  cases)  is  only 
0*226  per  cent.,  or  about  0*057  HsO  on  the  average,  the  greatest 
percentage  difference  (in  the  case  of  HtS044H80)  amounting  to 
only  O'ASy  or  1/1 1th  HjO.t  Such  differences  are  well  within  the  limits 
of  the  experimental  error.;]: 

That  this  concordance  of  position  of  the  changes  in  carvature  with 
the  composition  of  definite  hydrates  has  not  been  in  any  way 
influenced  by  a  knowledge  on  my  part  of  the  latter,  I  may  confidently 
affirm,  for,  throughout  nearly  the  whole  of  the  work,  I  purposely 
avoided  ascertaining  the  percentage  composition  of  any  hydrates,  the 
only  exception  to  this  being  the  case  of  the  monohydrate,  and  in  spite 
of  my  knowledge  of  its  composition,  and  the  probability  of  its  causing 
some  marked  change,  I  noticed  no  change  at  all  corresponding  to  it 
either  in  the  case  of  the  experimental  carves  for  the  heat  of  dissolu- 
tion or  expansion. 

The  changes  in  the  highest  portion  of  the  curves  are  of  interest, 
inasmuch  as  their  discovery  was  the  outcome  of  theoretical  considera- 
tions, as  well  as  of  a  reliance  on  the  correctness  of  the  results  obtained 
in  the  other  portions  of  the  curve.  The  former  were,  that,  just  as  a 
weak  solution  of  acid  in  water  contains  compounds  of  the  acid 
molecule  with  many  water  molecules,  so  should  a  weak  solution  of 
water  in  acid  contain  compounds  of  a  water  molecule  with  many  acid 

*  The  last  oolumn  contains  p,  few  percentages  which  do  not  refer  to  the  hydrates 
indicated  bj  the  determinations ;  they  will  be  of  use  in  showing  the  alteration  iii 
percentage  with  molecular  composition. 

t  The  greatest  difference  in  molecular  composition  is  with  SHsSOfHjO,  where  it 
amounts  to  one-sixth  H1SO4,  but  only  0*3  per  cent. 

{  The  addition  of  the  results  arrived  at  in  the  case  of  the  calcium  salts  would 
double  the  force  of  this  conclusion. 
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molecules,  for  in  all  very  weak  Bolntions  the  solvent  acts  as  a  polymer 
of  its  fundamental  molecule,  comparable,  if  not  identical,  with  the 
polymers  which  constitute  a  mass  of  the  pure  liquid*  (Trans.,  1888, 
872,  and  1889,  23).  The  practical  considerations  were,  that,  if  the 
second  differential  were  really  rectilineal,  as  the  bulk  of  the  figure 
showed  it  to  be,  an  apparent  curvature  in  any  part  of  it  could  only 
be  due  to  the  lack  of  sufficient  points  to  resolve  it  into  straight  lines ; 
this  had  been  proved  to  be  the  case  with  the  curved  portion  of  the 
second  difEerential  near  the  zero  end,  and,  it  was  argued,  it  would 
probably  be  the  case  also  with  the  curved  portion  at  the  100  per 
cent.  end. 

Looking  at  the  constitution  of  the  various  hydrates,  there  are  some 
signs,  in  the  extreme  cases,  of  the  higher  ones  bearing  a  simple 
relation  to  the  lower  ones :  thus,  the  water  molecules  contained  in 
the  three  highest  hydrates  are  about  500,  1,500,  and  6,000,  whilst 
the  four  compounds  richest  in  acid  contain  about  36,  6,  3,  and 
3/2  H2SO4  to  every  HaO.  But  such  indications  must  be  accepted 
with  great  reservation,  owing  to  the  impossibility  of  determining  the 
exact  molecular  composition  in  the  cases  in  point.  Between  the  less 
complex  hydrates  there  would  seem  to  be  no  simple  numerical 
relation  at  all. 

The  giieat  complexity  of  the  hydrates  in  very  weak  solutions  is  one 
of  the  most  remarkable  facts  brought  to  light  by  the  present  work, 
and  is  such  that  many  chemists  will,  no  doubt,  find  difficulty  in 
accepting  it.f  That  there  should  be  such  things  as  chemical  com- 
pounds containing  several  hundred,  and  even  several  thousands  of 
molecules  of  one  of  their  constituents,  all  bound  together  and  united 
(however  loosely)  with  1  mol.  of  the  other  constituent,  is  indeed  a 
most  remarkable  fact,  and  one  which  must  necessitate  no  unimpor- 
tant extension  of  our  views  as  to  chemical  action.  Yet  these  changes 
are  amongst  the  best  established  in  the  whole  work,  and  they  are, 
moreover,  precisely  similar  in  character  to  those  changes  in  the 
region  of  stronger  solutions,  which  certainly  do  coincide  with  definite 
hydrates.  If  the  liquid  and  gaseous  conditions  be  really  continuous, 
it  follows,  1  think,  that  the  average  composition  of  the  aggregates 
composing  a  mass  of  water  must  be  about  1800  HjO,  and,  if  these 

*  The  highest  oompounds  reoognised  would  be  less  complicated  in  the  case  of 
▼eiy  strong  than  in  that  of  rery  weak  solutions;  a  body  consisting  of  5000 
H^04H30  would  contain  only  0*004  per  cent,  of  water,  and  its  recognition  here 
would  hare  been  practically  impossible. 

t  Our  opinions  are  naturally  biassed  hj  the  fact  that  our  experience  is  IneTitably 
confined,  in  the  majority  of  cases,  to  stable  compounds.  Their  stability  ia  but  a 
consequence  of  the  simplicity  of  their  structure ;  we  are  here  dealing  with  unstable 
compounds. 
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aggregates  combine  as  such  with  any  dissolved  substance  (as,  from 
the  heat  of  neutralisation,  I  argue  they  must),  the  hydrates  formed 
will  have  a  corresponding  complexity  of  composition.  We  should 
not  therefore  be  surprised  at  a  hydrate  containing  even  6000  HjO. 

The  existence  of  such  compounds  gives,  I  think,  an  explanation  of 
how  "  traces  "  of  foreign  matter  may  influence  the  properties  of  a 
body  in  a  manner  altogether  disproportionate  to  the  amount  present^ 
and  how  the  effect  produced  may  be  modified  or  reversed  by  altering 
the  proportions  of  the  foreign  substance,  as,  for  instance,  in  the  case 
of  bismuth  in  gold,  ajitimony  in  copper,  silicon  and  carbon  in  iron,  &c. 

The  comparative  magnitude  and  frequency  of  the  changes  at  the 
extreme  ends  of  the  curves  is  but  a  consequence  of  the  method  used 
for  depicting  the  results.  Percentage  composition  has  no  scientific 
meaning,  and  is  but  a  convenient  mode  of  expressing  results :  matter 
must  be  regarded  as  consisting  of  molecules,  and  the  real  nature  of  a 
mixture  or  compound  is  indicated  by  the  relative  number  of  the 
different  molecules  present :  a  small  difference  of,  say,  0'7  per  cent., 
such  as  that  from  1  to  0*3  per  cent.,  really  means  a  trebling  of  the 
relative  proportions  of  water  and  acid  present,  and  the  curve  repre- 
senting any  action  between  the  two  points  should  extend  over  three 
times  the  distance  of  the  whole  of  the  rest  of  the  diagram  from  1  per 
cent,  upwards. 

In  Fig.  16  I  have  given  a  sketch  of  one  set  of  my  results  (the 
second  differential  of  the  densities  of  sulphuric  acid  at  8^)  plotted 
out  against  molecular  composition.  The  relative  number  of  molecules 
are  given  at  the  top  of  the  plate.  The  proportions  of  1  :  1  would 
occupy  the  centre  of  the  diagram,  if  the  investigations  had  been 
pushed  to  the  same  limits  with  strong  solutions  as  with  weak  ones. 
It  has  not  been  practicable  to  represent  any  changes  beyond  the  one 
at  3*9  per  cent.,  and  many  of  them  are  seen  with  such  difiiculty  that 
their  position  has  had  to  be  specially  marked.*  The  relative  magni- 
tude of  the  changes  at  the  simpler  and  more  complex  hydrates,  as 
well  as  the  relative  magnitude  of  the  different  hydrates  amongst  the 
simpler  ones,  is  very  striking.  The  most  conspicuous  are  those  at 
30,  50,  84,  and  94  per  cent,  corresponding  with  hydrates  with  13, 
6-5,  1,  and  1/3  H,0. 

It  is  very  evident  that  this  method  of  plotting  out  the  results 
would,  in  most  cases,  be  very  unsuitable  for  working  purposes. 

Indication  of  the  Monohydrate  in  Solution. 

That  the  monohydrate  exists  in  solution  is,  in  my  opinion,  proved 
by  the  fact   that  we   can  crystallise  it  out  from  solutions.     The 

*  The  constituent  lines  are  numbered  so  as  to  correspond  with  those  in  PL  8. 
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Fig.  16. — ^Deniities  of  Sulphuric  Acid  Solutions. 
Second  differential  plotted  against  molecular  composition. 
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existence  of  a  bodj  in  the  crystalline  form  is  not,  however,  entirely 
dependent  on  the  stability  of  its  molecules  in  the  liquid  condition, 
bat  on  tbe  ease  with  which  these  molecules  coalesce  to  form  the 
aggregates  of  which  it  is  composed  in  the  solid  condition  ;  it  does 
not  follow,  therefore,  that  the  monohydrate  must  necessarily  be 
conspicuously  stable  when  liquid,  or  that  the  change  in  curvature 
indicating  its  presence  should  be  more  marked  than  those  indicating 
other  hydrates  in  solution.  At  first  sight  it  appears  that  such  is  not 
the  case :  tbe  experimental  curve  for  the  heat  of  dissolution  shows 
no  discernible  change  at  this  point  (84*5  per  cent.)  ;  in  the  expan- 
sion curve  it  is  but  feebly  marked,  and  in  the  first  differential  of 
the  densities  it  is  by  no  means  prominent.  But  in  all  these  cases  it 
is  found  that  a  repeated  application  of  differentiation  (wherever  the 
data  are  sufficient)  alters  this,  and  shows  that  the  change  at  the 
monohydrate  is  really  a  prominent  one  (see  especially  Fig.  2,  B, 
p.  80).  Its  being  partially  masked  in  the  experimental  curves  may, 
I  believe,  be  due  to  the  fact  that  this  hydrate  is  really  exceptionally 
stable  while  liquid,  and  that,  just  like  the  other  stable  liquids,  water 
and  the  pure  acid,  forms  compounds  containing  several  fundamental 
molecules  of  itself  with  a  single  water  molecule  on  the  one  hand,  and 
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a  single  sulphuric  acid  molecule  on  the  other ;  the  proximity  of  the 
minor  changes  due  to  such  compounds  would,  in  the  absence  of  a 
very  large  number  of  experimental  points,  result  in  the  rounding  ofE 
of  the  change  wliich  shows  the  monohjdrate  itself.* 

Nature  of  the  Various  Cvnrves, 

For  the  chief  conclusions  drawn  from  the  present  work — the 
existence  of  more  or  less  sudden  changes  of  curvature  at  certain 
points — ^it  is  important  to  show  that  the  various  constituent  curves 
difEerentiate  eventually  into  lines  which  are  straight  within  the  limits 
of  experimental  error ;  for  their  doing  so  shows  that  they  are  each 
of  them  single  and  simple  curves  within  these  same  limits.  But, 
apart  fi*om  these  practical  considerations,  the  nature  of  the  consti- 
tuent curves  raises  several  important  questions  of  theoretical  interest : 
whether  the  second  differential  lines  are  absolutely  straight,  whether 
the  first  differential  lines  are  sometimes  so,  und  whether  the  con- 
stituent curves  of  the  original  figure  meet  tangentially  or  otherwise. 
These  questions  can  be  answered  only  with  great  hesitation. 

That  a  single  difEerentiation  is  insufficient  to  reduce  the  densities 
(and  contractions)  and  electric  conductivities  to  straight  lines,  is 
beyond  doubt;  with  the  heat  of  dissolution,  the  heat  capacity,  and 
the  expansion,  the  case  is  more  doubtful ;  but  the  fact  that  a  consider- 
able portion  of  the  first  differential  figure  of  all  these  properties  is 
curved,  renders  it  most  probable  that  it  should  be  curved  throughout, 
and  that  the  straightness  observed  in  parts  is  but  a  consequence  of 
comparative  magnitude  of  the  error  of  the  determinations  and  the 
small  scale  on  which  these  have  to  be  plotted  in  consequence. 

Whether  the  straightness  of  the  lines  composing  the  second  diffe- 
rentials is  merely  the  result  of  repeated  differentiation,  or  whether 
they  are  straight  owing  to  the  natui^  of  the  experimental  curves 
from  which  they  are  derived  (that  is,  owing  to  these  curves  being 
parabolas  of  the  third  order),  is  a  difficult  question  to  settle. 

It  is  true  that  the  majority  of  (but  by  no  means  all)  curves  of  a 
gentle  nature,  such  as  are  here  dealt  with,  would  yield  straight  lines 
on  repeated  differentiation  ;t  but,  for  the  following  reasons,  I  am 

*  Since  writiDg  the  above,  two  changes  in  the  rioinity  of  the  monohydrate  have 
been  revealed  by  a  study  of  the  freezing  points  of  solutions  of  the  acid. 

t  As  instruotive  instances  of  curves  which  do  not  do  so,  I  may  dte  the  end 
portions  of  the  first  differential  of  the  densities,  and  various  other  gentle  curves, 
each  drawn  as  a  single  curve,  but  really  made  up  of  two  or  more  independent 
curves,  and  which,  on  repeated  differentiation,  show  their  complex  nature  (in- 
stances in  the  densities  and  heat  of  dissolution  have  been  quoted  above)  ;  and, 
again,  curves  representing  the  molecular  heat  of  dissolution  plotted  against  per- 
centage composition,  which  are  not  parabolic  at  all. 
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inclined  to  think  that  the  straightness  of  second  differential  is  really 
a  consequence  of  the  parabolic  nature  of  the  experimental  cnrres. 

(1.)  The  curvature  of  the  first  differential  ia  often  greater  than 
that  of  the  experimental  curve,  and  the  straight  lines  which  it  yields 
on  further  differentiation  cannot,  therefore,  be  of  a  result  of  a  gradual 
straightening  process.* 

(2.)  The  second  differential  lines  are  straight  in  nearly  every 
instance,  in  spite  of  the  great  variations  in  the  curvature  of  the 
various  first  differentials  which  yield  them. 

(3.)  The  first  differential  of  the  densities  differentiates  into  straight 
lines,  whereas  the  experimental  curve  of  the  expansions — a  curve 
comparable  in  its  nature  and  curvature  with  the  density  first  dif- 
ferential— differentiates,  in  most  parts,  into  a  series  of  curves. 

(4.)  Wherever  a  curved  second  differential  has  been  obtained,  its 
curvature  has  been  found  to  be  the  result  of  insufficient  data. 

The  question  has  been  raised  as  to  what  limit  we  should  put  to  the 
process  of  differentiation  (Morley,  Proc,  1888,  127),  and  Ch-ompton's 
answer — ^that  "  a  limit  to  the  differentiation  would  necessarily 
have  to  be  made  according  to  the  nature  of  the  case  under  investiga- 
tion, and  the  discretion  exercised  by  the  investigator" — has, 
I  think,  been  somewhat  misunderstood  (see  Arrhenius,  Phil.  Mag., 
28,  37).  For  the  purposes  of  the  present  work,  the  limit  to  be 
put  to  the  process  of  differentiation  is  that  at  which  we  get  a 
rectilineal  figure,  for  a  straight  line  is  the  only  form  of  line  which, 
on  mere  inspection,  is  evidently  regular,  and  which  must  prove 
regularity  in  the  curve  which  yields  ibt  A  further  differentiation 
would  not  add  to  our  knowledge  (unless  we  wished  to  determine 
diagrammatically  the  constants  in  the  equations  for  the  curves),  for 
our  series  of  straight  lines  would  simply  yield  thereby  a  series  of 
horizontal  lines  at  different  levels,  and  a  still  further  differentiation 
would  yield  nothing  at  all. 

A  practical  limit  to  the  differentiation  will  also  be  determined  in 
each  individual  case  by  the  error  of  the  original  experiments.  Even 
when  we  reduce  these  errors  by  taking  the  curve  which  represents 
them,  instead  of  the  actual  experimental  yalues,  there  are  few  cases 
in  which  we  could  proceed  beyond  a  second  differentiation  so  as  to 
obtain  results  of  any  value. 

*  A  comparison  of  the  curyature  of  the  experimental  and  differential  eiUTes  is  a 
difficult  matter,  for  the  scales  used  must  bear  a  fixed  relationship  to  each  other  in 
the  three  cases,  and  the  Tarious  curves  thus  produced  generally  haye  a  different 
inclination  to  the  axis.  Should  we  determine  the  ourrature  in  the  same  lei^thsj  or 
between  the  same  percentages  ?  If  the  former,  the  curvature  of  the  first  differential 
woold  nearly  always  be  greater  than  that  of  the  experimental  curve.  The  expan- 
sions and  the  mixing  experiments  are  the  simplest  instances  to  take  for  such  an 
inyestigation. 
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A  di£Fereiice  of  considerable  importance  may  be  noticed  between 
the  heat  results  and  the  density  results.  The  former  are  represented 
throughout  by  a  series  of  curves,  which,  on  production,  cut  each 
other,  and  from  which  second  difEerentials  will  be  obtained,  which, 
consequently,  do  not  meet  at  the  points  where  the  change  occurs,  if 
indeed  they  meet  at  all ;  whereas  the  first  differentials  derived  from 
the  densities,  and  consequently  the  densities  themselves,  form  a 
series  of  curves,  which,  for  the  most  part,  meet  tangentially  or  very 
nearly  so,  and  the  second  differentials  from  these  will  meet  at  the 
points  of  change.  This  is  certainly  not  always  so,  but  the  general 
tendency  is  unmistakable.  This  difference  is,  no  doubt,  connected 
with  the  difference  in  the  nature  of  the  two  properties,  the  former 
being  a  condition  of  the  solutions,  the  latter  a  measure  of  potential 
energy  possessed  by  them. 

The  curves  for  the  electric  conductivity  seem  for  the  most  part  to 
be  of  the  same  nature  as  those  for  the  density  :  the  change  at  9'5  per 
cent.,  however,  is  a  marked  exception.  The  contraction  on  mixing, 
the  expansion,  and  the  heat  capacity,  on  the  other  hand,  appear  to 
resemble  the  heat  of  dissolution  more  closely ;  the  constituent 
curves  certainly  do  not  meet  tangentially,  and  indeed,  in  the  case  of 
the  last,  do  not  appear  to  meet  at  all,  though,  as  I  have  shown  above, 
there  must  be  some  connecting  link  between  them  (p.  93). 

Influence  of  Temperature  on  the  Hydrates  in  Solution, 

The  influence  of  temperature  on  the  first  differential  of  the  densities 
is  of  considerable  interest.*  Each  figure  in  Plates  1  and  2*  (p.  184) 
should,  if  they  were  all  identical,  occupy  positions  five  small  divisions  of 
the  paper  below  or  above  its  neighbour;  but  the  actual  distance  between 
them  varies  considerably,  and  shows  that  all  the  changes  of  curvature 
become  more  marked  as  the  temperature  is  lower.  The  upward  curva- 
ture at  the  zero  end,  and  the  whole  of  the  constituent  curves  up  to 
73  per  cent.,  show  this  progressive  increase  very  clearly.  The 
portion  between  84  and  94  per  cent,  is  also  of  special  interest :  it 
has  a  decided  downwards  curvature  at  8**,  which  becomes  so  slight 
at  18°  and  28*,  that  it  is  here  practically  a  straight  line,  whilst 
at  38°  the  curvature  is  decidedly  upwards,  and,  if  we  could  extend 
the  determinations  to  still  higher  temperatures,  it  would,  no  doubt, 
increase,  this  portion  of  the  diagram  becoming  less  and  less  dis- 
tinguishable from  the  neighbouring  curves.  The  result  of  this  would 
be  that  changes  in  its  vicinity  would  become  less  marked,  and  would 
eventually  disappear  altogether;  the  rest  of  the  figure  would,  no 
doubt,  become  simplified  in  the  same  way,  and  would  exhibit  less 

*  Including  that  representing  the  results  collected  by  Mendel^ff. 
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and  less  curvature,  till  finally  rednced  to  a  horizontal  line  at  a  tem- 
perature sufficiently  high  to  prevent  any  hydrates  at  all  being 
formed.  The  possibility  of  making  determinations  would,  however, 
cease  long  before  such  a  temperature  was  reached. 

But  the  different  hydrates,  being  of  different  degrees  of  stability, 
will  not  all  disappear  at  the  same  temperature,  and,  consequently, 
some  solutions  will  show  a  more  or  less  sudden  alteration  in  the  rate 
at  which  their  density  is  affected  by  temperature,  under  conditions 
where  others,  consisting  of  stabler  hydrates,  will  show  no  such 
change.  The  experimental  evidence  already  discussed  tends  to  con- 
firm  this  conclusion,  and  we  may  reasonably  argue  that  the  evidence 
of  sudden  changes  in  the  rate  of  increase  of  the  density  with  tem- 
perature would  have  been  of  a  more  certain  character  had  the  method 
adopted  permitted  of  the  examination  of  very  weak  solutions,  the 
hydrates  in  such  cases  being  more  complex,  and,  presumably,  less 
stable,  than  in  the  case  of  strong  solutions. 

Further  evidence  as  to  the  existence  of  such  sudden  changes  has 
been  afforded  by  my  work  on  the  effect  of  temperature  on  the  heat 
of  dissolution  of  salts  (Trans.,  1887,  223),  which  showed  that  this 
property,  and,  consequently,  the  heat  capacity  of  the  weak  solutions 
obtained  in  the  determinations,  exhibited  sudden  alterations  in  its 
rate  of  increase  at  certain  temperatures. 

The  highest  line  in  Fig.  15  (p.  L20)  is  also  of  considerable  interest  in 
connection  with  this  point :  it  represents  the  rate  of  increase  in  the 
density  of  water  with  temperature,  and,  according  to  my  interpreta- 
tion of  it  (details  of  which  cannot  be  given  here),  it  exhibits  abrupt 
changes  at  certain  points,  such  as  1  have  concluded  would  be  ex- 
hibited by  the  densities  of  weak  solution,  and  such  as  the  analogy 
between  the  constitution  of  the  weak  solutions  and  of  the  pure 
solvent  (both  being  mixtures  of  molecular  aggregates  of  different 
degrees  of  complexity)  would  lead  us  to  expect. 

A  consideration  of  the  effects  of  temperature  on  the  densities  must 
make  us  recognise  the  possibility  of  there  being  yet  other  hydrates  than 
those  at  present  discovered,  hydrates  which  would  only  be  revealed 
by  experiments  at  lower  temperatures ;  it  is  probable,  however,  that 
these  would  be  confined  mainly  to  very  weak  or  very  strong  solu- 
tions. That  the  densities  at  8^  should  have  indicated  (though  feebly) 
two  changes  which  were  not  found  at  higher  temperatures,  supports 
such  a  conjecture. 

Bummary  and  Conclusion, 

The  curves  representing  the  first  differential  coefficient  of  the  den- 
sities of  sulphuric  acid  solutions  form  a  curvilinear  figure,  and  not 
a  rectilinear  figure,  as  Mendeleeff   imagined.      This  figure,  though 
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continnoas,  is  made  up  of  a  series  of  separate  cnryes,  which,  on 
farther  difEerentiation,  yield  a  series  of  straight  lines. 

When  we  plot  out  the  contractions  occurring  on  mixing  sulphuric 
acid  and  water,  instead  of  the  densities  of  the  solutions  obtained,  we 
get  a  figure  totally  unlike  that  formed  by  the  densities :  on  a  first 
differentiation  it  gives  another  curvilinear  figure,  also  totally  unlike 
the  first  differential  of  the  densities ;  but,  on  a  second  differentiation, 
a  rectilineal  figure  is  obtained,  closely  resembling  the  second  differ- 
ential of  the  densities,  and  indicating  the  existence  of  changes  at  the 
same  points  as  the  latter  does. 

The  electric  conductivities  resemble  the  densities  in  giving  straight 
lines  on  a  second  differentiation  only,  as  shown  by  Crompton,  and  they 
indicate  changes  at  certain  points,  though  the  position  of  these 
changes  are,  according  to  the  author,  not  all  identical  with  those 
mentioned  by  Crompton. 

The  heat  capacity  is  represented  by  a  series  of  gentle  curves,  which 
probably  require  two  differentiations  to  reduce  them  to  a  senes  of 
straight  lines. 

A  critical  examination  of  Thomsen's  results  on  the  heat  evolved  by 
diluting  solutions  with  successive  quantities  of  water  leads  to  the 
conclusion  that  the  actions  are  eminently  irregular,  instead  of  being 
regalar  as  he  concluded. 

The  author's  present  determinations  lead  to  the  same  results.  The 
heat  of  dissolution  (or  dilution)  of  solutions  of  different  strengths  are 
represented  by  a  series  of  intersecting  curves,  each  of  which  requires 
(in  most  cases)  two  differentiations  to  reduce  it  to  a  straight  line. 

The  expansion  of  sulphuric  acid  solutions  through  various  ranges 
of  temperature  between  8°  and  38**  gave  results  which  formed  irregular 
curved  figures,  and  these  figures  split  up  on  two  differentiations  into 
a  series  of  straight  lines,  showing  changes  at  the  same  points  as  the 
other  properties  did. 

An  examination  of  three  solutions  of  sulphuric  acid  at  every  2° 
showed  that  the  effect  of  temperature  on  the  densities  of  these  solu- 
tions was  represented  by  a  single  parabola  of  the  second  order ;  but  the 
less  numerous  density  determinations  with  other  solutions  indicated 
that,  in  some  cases,  the  results  cannot  be  represented  by  Jess  than 
two  different  curves,  more  or  less  sudden  changes  occurring  at  certain 
temperatures. 

The  points  at  which  the  changes  occur  are  the  same  whichever 
of  the  above  properties  be  taken  for  their  determination,  this  con- 
cordance placing  the  existence  of  the  majority  of  them  beyond  doubt. 

The  points  at  which  they  occur,  moreover,  correspond  to  definite 
and  simple  hydrates,  considerably  within  such  limits  of  error  as  might 
reasonably  be  expected. 
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The  hjdraies  thus  recognised  amount  to  as  manj  as  17,  the  mono- 
hydrate  being  one  of  them. 

The  highest  hydrates  contain  a  very  large  amount  of  water ;  in  the 
extreme  case,  as  much  as  5000HiO. 

There  may  be  some  simple  numerical  relationship  between  the 
constitution  of  the  various  hydrates,  bat  only  in  very  weak  and  in 
very  strong  solutions. 

As  a  consequeoce  of  the  results  obtained  on  analysing  the  experi- 
mental values  and  the  curves  representing  them,  it  follows  that  these 
latter  are  represented  by  a  series  of  parabolas  of  the  third  order, 
such  as  «  =  A  +  Bp  -f-  Cp'  +  Dp®,  this  probably  being  true  in  the 
case  of  all  the  properties,  though  sometimes  the  last  constant  is  so 
small  in  comparison  with  the  experimental  error  that  it  may  be 
neglected,  and  the  results  be  expressed  by  a  parabola  of  the  second 
order. 

In  the  case  of  the  densities  and  the  electric  conductivities,  the 
various  curves  constituting  the  first  difEerential  appear  to  meet 
tangentially,  and,  consequently,  the  straight  lines  constituting  the 
second  dilEerential  meet  at  the  points  of  change. 

This  is  not  the  case  with  the  contraction  on  mixing,  the  heat  of 
dissolution,  or  the  expansion  by  heat,  the  first  differential  curves  (and 
consequently  the  experimental  curves  also),  in  these  cases,  intersect- 
ing each  other  on  prolongation. 

In  the  case  of  the  heat  capacity,  the  constituent  curves  representing 
the  experimental  values  do  not  appear  to  meet  at  all. 

The  main  facts  elucidated  by  this  work  afford  absolute  proof  that 
the  properties  of  solntions  do  not  vary  regularly  with  their  composi- 
tion, and  that  the  nature  of  the  solution  is,  therefore,  not  merely 
physical.  There  can  be  no  doubt  but  that  solutions  consist  of 
hydrates  of  a  definite  composition,  though  these  may  always  be  in  a 
state  of  partial  dissociation. 

It  may  be  urged  that,  although  this  may  be  the  case  where  the 
solvent  is  water,  in  other  cases  similar  compounds  woald  not  exist. 
It  is  extremely  improbable,  however,  that  actions  seemingly  so 
analogous  as  the  dissolution  of  a  substance  in  water  and  its  dissolu- 
tion in  another  liquid,  should  belong  to  totally  different  classes  of 
phenomena,  the  one  being  chemical,  the  other  physical.  It  is,  how- 
ever, a  question  which  calls  for  an  answer  based  on  experiment,  and, 
as  it  would  be  difficult,  if  not  impossible,  to  find  a  solvent  other  than 
water  with  which  solutions  might  be  obtained  possessing  sufficient 
differences  in  density,  <&c.,  to  render  them  suitable  subjects  for  investi- 
gation, some  other  means  of  investigation  must  be  adopted.  I  hope 
that  the  freezing  points  of  solutions  of  different  strengths  may  afford 
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the  requisite  information,  and  the  results  which  I  have  already 
obtained,  since  writing  the  above,  from  a  study  of  this  property  in 
the  case  of  sulphuric  acid,  justify  the  expectation  that  such  may  be 
the  case. 

I  am  fully  aware  that  the  present  work  supplies  material  for  far 
more  discussion  than  I  have  ventured  to  raise.  The  precise  nature 
of  the  changes  which  occur  when  solutions  are  diluted  has  scarcely 
been  discussed  ab  all.  What  is  the  meaning  of  these  various  proper- 
ties being  representable  by  a  series  of  parabolic  curves  of  certain 
orders  ?  Why  should  the  component  curves  of  the  density,  the  heat 
of  dissolution,  and  the  heat  capacity  diagrams,  show  such  differences 
as  that  of  meeting  tangentially  in  one  case,  cutting  each  other  in  the 
second,  and  (apparently)  not  meeting  at  all  in  the  third  case  P  How 
can  the  fact  that  the  changes  occur  so  sharply  at  the  exact  composi- 
tion of  certain  hydrates  be  reconciled  with  the  extent  to  which  we 
must,  I  think,  necessarily  imagine  that  these  hydrates  are  dissociated, 
even  when  the  water  and  salt  is  present  in  the  exact  proportions 
required  for  their  formation  (see  Trans.,  1889,  22)  P  These,  and 
other  questions,  I  leave  for  the  discussion  of  abler  mathematicians 
than  myself :  the  present  work  has  no  pretentions  beyond  being  an 
experimental  investigation. 

But  one  word  remains  to  be  said :  a  word  of  thanks  to  a  little  girl 
who  has  devoted  all  her  spare  time  to  the  laborious  calculations 
involved  in  the  present  work :  to  the  patience  and  accuracy  of 
Miss  Ethel  Willmott  all  who  are  interested  in  the  question  of  the 
nature  of  solutions  owe  much. 
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Table  I. — Densities  of  Sulphuric  Acid  Solutions  at  17*925*,  and  First 

Differentiation. 


dp' 


Alternate  series  A  and  B. 


dy 

dp" 


ds" 
dp'" 


Full  series,  with  differences  not  less  than  ahout  1  per  cent. 


99-85700* 

1-1 

99-85000 

li 

99-85350 

11 

98-82200 

l-l 

98-77812* 

1-1 

97-82685 

1-1 

96-74952* 

1-1 

96-02135 

1-1 

95  •01355* 

1-1 

98-99780 

1- 

92-99056' 

1- 

91-62209 

1-1 

91-02467* 

1- 

90-04606 

1- 

89-03102* 

1-1 

87-95802 

11 

87-03615* 

1-' 

85-95828 

1-' 

84-97907* 

1-' 

83-56640 

1-' 

82-98206* 

1-' 

81-98460 

1-' 

8109315* 

1-' 

79-98477 

1-' 

78-98995* 

1-' 
'  1' 

78-25462 

1-' 

75-95699 

1-1 

74  00440 

l-( 

72-02272 

l-< 

70-09785 

1-1 

68-10148 

1-1 

66-13810 

1-1 

64-89103 

1-1 

64-11204 

1-i 

68-04053 

1-1 

59-98903 

1-^ 

67-88930 

1-^ 

55-87689 

1-- 

68-89570 

1-^ 

61 -91839 

1-^ 

49-90183 

1-J 

47-92908 

1-3 

45-95306 

1-3 

44'€88%A 

1-3 

834221 
834281 
834251  A&B 

837452  A 
837550  B 

838610 A 
838428 B 
837587  A 
835781 B 
833055  A 
829734 B 
824078  A 
821258  B 
816130 A 
810075  B 
803025  A 
796325 B 
787795  A 
779138  B 
765953 A 
760117 B 
749799  A 
740248 B 
727926  A 
7l6698\|i 
716570/" 
708182  A 
681361 
658412 
635093 
612557 
589410 
566839  A 
552790 
543960  A 
520910 
498474  A 
475942 
454879 A 
434523 
414643 
394858 
375924 
357386 
339628 


-00310 

99-34 

-•00307 

99-32 

-  00116 

98-32 

-  -00111 

98  30 

+ -00017 

97-29 

•00116 

96-39 

-00179 

95-52 

•00268 

94-51 

-00330 

93-50 

•00413 

92-31 

•00472 

91  32 

•00524 

90-53 

•00597 

89-63 

•00667 

88-49 

•00727 

87-49 

•00791 

86-60 

-00884 

85-47 

•00933 

84-27 

•01000 

83-27 

•01034 

82-48 

•01071 

81-54 

-01112 

80-54 

•01140 

79-48 

•01143 

78-62 

•01167 

77-11 

•01175 

74-98 

•01177 

73  01 

•01171 

71  06 

•01169 

69-10 

•01147 

67  12 

•01131 

65-61 

-01133 

64-50 

•01113 

63-08 

•01094 

61  01 

•01073 

58-94 

•01047 

56-89 

-01027 

54-89 

•01005 

52-91 

-00982 

60-91 

•00960 

48-91 

•00938 

46-94 

•00920 

44-99 

-  -00310  A 

00116  A 

00057 A 
00224  A 

-00378  A 

00604  A 

00628  A 

00762  A 

00913  A 

01021 A 

01094 

01141 A 


•01132  A 


•01060  A 


99  34 


96-92 
95  06 

92-81 

90-83 

89-00 

86-96 

84-76 

82-76 

98 

79-12 


A  80 


65  12 


57-94 


00307 B 
00043 B 

00152 B 
00299 B 
00431 B 
00661 B 
00689  B 
00836 B 
00963 B 
01052 B 
01125 B 


99  •32 
97  76 

95-88 
94  00 
92  01 
90-03 
88  03 
86  •Ol 
83-98 
82^04 
80-04 
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Table  I — continued. 


44*02251 
41  -97705 
39 '99233 
3803978 
35-99)21 
3 i '03459 
31-99420 
30  03628 
28-06891 
26-21825 
2401732 
22  -06137 
2004282 
IS -00597 
15-99627 
13  -99655 
12  13767 
9-804053 
8  •970256* 
7 -955370 
6- 962185* 
6  025176 
4-915919* 
4  003331 
3*042904 
1-796562 
0-997007 
0 


321265 
303711 
286773 


235836 

219752 

203804 

188963 

171509 

156221 

140640 

126186 

110188 

095416 

081045 C 

065349  A 

059554 B 

052408A&C 

045656 B 

039192  A 

031704 B 

025572  A 

019150 

010864 

005548 


dp' 


Alternate  series  A  and  B. 


dp' 


•00898 
-00884 
-00868 
*00854 
-00842 
-00831 
•00822 
•00811 
•00803 
•00793 
-00782 
•00772 
-00759 
•00749 
•00736 
-00725 
-00710 
-00695 
•00704 
-00680 
•00690 
00675 
-00672 
-00669 
•00665 
•06665 
•00687 


43-00 
40-98 
39  01 
37  01 
35-01 
33-01 
31-00 
29-05 
27-14 
25-12 
23-04 
21-05 
19  02 
17  00 
15-00 
13  07 
10-97 
9  387 
8^463 
7^459 
6^494 
5-471 
4-460 
3-523 
2-420 
1-397 
0*499 


•00706  0 
•00700  A 

•00685  A 

•00674  A 


10 '05 
8-85 

6^99 

5  01 


ds" 
dp" 


P"^ 


•00692  B 
•00682 B 


7-966 
5  939 


Strong  solutions. 


99  '85350 
99  •69763» 
99 '51810* 

99-81215* 
99-30558* 

99-20729* 
99-09372* 
98-98452* 

98  -82200 
93-77812* 

98-66856* 
98-51877* 
98  13654* 
97-82685 


1 -834251  A 
1 -834912  B 
1-836563  A 

1 -886214 B 
1 -836274 B 

1 '836521 A 
1  -836853  B 
1-837128  A 

1 -837542 B 
1 -837550 B 

1-837745  A 
1 -837974 B 
1-838414  A 
1  -838610 


•00424 
•00363 
-00317 
-00335 

-00293 
-00251 
•00292 
-00252 
-00199 
-00204 

-00191 
•00178 
•00153 
•00115 
•00063 


99-776 
99-608 
99-415 
99-412 


99  '256 
99  108 
99-039 
98-903 
98-881 

98-745 
98-723 
98  -594 
98  -828 
97-981 


-•00391  A  99 -686 
-00308  A  99 -363 
-  -00272  A  99 -096 
-00195  A  98 -827 
-00126  A  98 -402 


•C0338B 
•00847 B 

•00293 B 
-00273 B 

-00273  B 
•00229 B 

•00173  B 
-00163 B 


99-605 
99  501 

99  208 

99  199 

98 •958 
98^936 

98  670 
98-648 
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Table  I — continued. 
Strong  solutioiiB — ctmHmued. 


s. 

dp 

P- 

Alternate  series  A  and  B. 

p- 

ay 

dp'- 

y- 

rf»" 

y. 

97-82686 
97  -52668* 
97  13589* 
96  74952* 

96-86863* 
96-33480 

96  02136* 

1*838610 
1  -838693 
1-838647 
1-838428 

1-838087 
1-838011 

1  -837587 

-  -00022  97-677 

+00012  97-332 

-00057  96 -943 

•00089  96  •659 

•00100  96  ^642 

•00144  96-196 
•00135  96178 

Weak  solutions. 


4  915919* 
4-355266* 
4  003331 
3-806007 
3-413022 
3-042904 
2  694819 
2-222768 
1 -796562 
1  -407762 
0-997077 
0-807416 
0-699067 
0-399816 
0-202068 
0-101357 
0 

1  031704 
1  -027924 
1  025572 
1  -024231 
1-021607 
1-019160 
1  016163 
1  -013706 
1-010864 
1-008291 
1 -005548 
1  004294 
1-002889 
1  001628 
1-000159 
0-999448 
0-9y8695 

-00674 
•00668 
•00680 
•00668 
•00664 
•00667 
•00660 
•00667 
•00662 
•00668 
•00661 
•00674 
•00 '83 
•00692 
•00706 
•00743 

4-635 
4-179 
3-905 
3-610 
3-228 
2-819 
2-409 
2  010 
1-602 
1-202 
0-902 
0-703 
0-499 
0-301 
0  152 
0066 

0-296800* 

0  147963* 

0  049453* 

0 

1-000831 
0-999807 
0-999104 
0-998695 

•00688 
•00714 
•00827 

0-222 
0099 
0  025 

TOL.   LVII. 
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Table  II. — Densities  of  Sulphuric  Acid  Solutions  at  7*978*' 
and  38'206°,  and  First  Differentiation, 


28-064** 


7•978^ 


99  'S&im  I  -844560 
98 -77812 '1-847784 

97-78818P 
97-52668. 1-848901 


96-74952 
95*87631 
95  01355 
93  -905051 
92  -99056 
91  -866221 
91  02467! 
89-856671 
89  03102' 
87  -83725 
87  -03615 
85-85950 
84-97907 
84  01970 
82-98206 


81  -093151 
79  -96809' 
78-98995 
77-94749 
75-90717 
73  -98643 
72  -02232 
69-93131»j 
6S -00851 1 
66  02517 
64-0453.") 
61  -912051 
59-97052 
57  -85589 
56-00914 
64-00142, 
52-02681 
60-06998! 
48  -0264S 
45  -71655 
43- 58981 1 
41  -76736 
39-647781 
37-73112; 
85  -71882' 
83  -85203! 
31  -807821 


-848646 
•847660 
•846066 
•843306 
•840179 
•835750 
•831899 
•825796 
■821006 
•813232 
•807388 
-798115 
•790292 
-781343 
•771021 
•759072 
•750673 
•738076 
•726694 
•714570 
•6905H0 
•667782 
•644541 
•619860 
•597410 
•574588 
•552015 
•528012 
•506801 
•483720 
•464315 
-4i3536 
•423()53 
-404296 
•384578 
-3628)4 
•343309 
•326892 
•308168 
•291527 
274323 
-258517 
'241463 


dsjclp. 


28  -064°. 


38  -205*. 


-00089 


+  00033 
•00113 
•00185 
•00249 
•00342 
•00394 
•00458 
-00523 
•00580 
•00652 
•00729 
•00788 
-008S9 
•00932 
•00995 
•01056 
-OHIO 
•01122 
-01164 
-01163 
-01176 
-01187 
•01183 
•01181 
-01168 
•01151 
•01140 
•01125 
•01092 
-01092 
•01051 
•01035 
-01007 
-00990 
•00965 
-00943 
-00917 
•00901 
•00883 
•00868 
•00855 
•00847 
-00834 


1  824246 
1 ^827492 


1  -828646 


•828308 
•827296 
-825592 
•822561 
•819375 
•814691 
•810652 
•804277 
•799251 
•791296 
•785271 
-776002 
•768252 
-759444 
•749241 
•737792 
•729727 
•717424 
•706389 
•694596 
•671094 
•648712 
•625844 
•601468 
•579326 
•556737 
•534480 
-510701 
•489842 
-467133 
-447899 
-427382 
-407699 
•3H8553 
•369025 
•347438 
•828068 
•311779 
•293169 
•276647 
•259589 
•243964 
•227117 


dsjdp. 


-00301 
-00092 


•00043 
•00116 
•00198 
•C0273 
•00348 
•00417 
•00480 
•00546 
•00608 
•00664 
•00752 
•00788 
•00880 
•00918 
•00983 
•01011 
•01066 
•01093 
•01129 
•01131 
•01152 
•01165 
•01164 
•011(56 
•01152 
•01139 
•01124 
•01115 
•01074 
•01074 
•01042 
•01022 
•00997 
•00978 
•00957 
•00935 
•00911 
•00894 
•00878 
•00S62 
•00848 
•00837 
•00824 


1  •814298 
1 -817828 


818780 
818836 

818515 
817403 
815640 
812510 
809215 
804407 
800268 
793788 
788694 
780606 
774564 
765265 
757576 
748805 
738808 
727413 
719593 
707359 
696495 
684849 
661610 
639397 
616740 
592543 
670547 
548091 
525956 
502586 
481687 
459055 
439903 
419514 
399899 
380826 
361383 
839889 
320568 
304308 
285783 
269316 
252326 
236792 
220101 


dsjdp. 


-  00327 
-•00096 

-  -00081 

+  ^00026 
•00042 
•00127 
•00204 
•00283 
•00360 
-00428 
•00492 
•00555 
•00616 
•00678 
•00754 
•00790 
•00873 
•00914 
•00963 
•01007 
•01033 
•01087 
•01111 
•01117 
•01139 
•01157 
•01154 
•01157 
•01144 
•01132 
•01118 
•01096 
•01076 
•01070 
•01037 
■01016 
•00993 
•OU975 
•00951 
•00931 
•00908 
•00892 
•00874 
•00859 
•00844 
•00S32 
•00817 


97-27 
97  14 
96-31 
95-45 
94-46 
93  46 
92*43 
91-46 
90-44 
89-44 
88*44 
87-44 
86-45 
85-42 
84-66 
83-51 
82*42 
81-47 
80*63 
79*48 
78*47 
76-92 
74-95 
73*01 
70-98 
68*97 
67*02 
65-08 
62*98 
60-96 
58-91 
56-93 
55  00 
52-71 
61  05 
49*06 
46*66 
44*66 
I  42-58 
40*71 
38  69 
36-72 
34-78 
32-83 
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Table  II — continued. 


7  -^78^ 

28-064". 

38  ^OS''. 

'  V' 

«.            d*\dp. 

.. 

dsfdp. 

*. 

d*ldp. 

P- 

31  -80782 
29-7828^ 
27  -75282 
26-16642 
23-83690 
21  -92292 
19-84133 
18  18353 

1-241463 
I -22*724 
1 -208121 
I  195286 
1  -176502 
I  -161292 
1-144905 
1  132053 

-00827 
-00818 
•00812 
-00804 
-00795 
-00787 
-00775 

1 -227117 
1 -210687 
1-194382 
1  181842 
1  -163649 
1  -148945 
l-l:i3122 
1  112085 

-00811 
-00803 
•00790 
-00781 
-00768 
•00760 
•00740 

1 '220101 
1 -203677 
1  187566 
1  175151 
1  -157168 
1  -142654 
1-127048 

•00811 
•00794 
-00783 
-00772 
-00758 
•00750  1 

30-79 
28-77 
26-96 
25-00 
22-87 
20-88 
19  01 

Alternate  Determinations. 


97  52668 
95-87631 
95  01355 
92-99056 
89  03102 
87  03615 
84  97907 
82  •982'^'6 
81-09316 
78  98995, 
81  -85008! 
79-96809 
77  -94749 
73  -98643 
69-93189 
66  02517 
61  -91205 
57  -85589 
54^00142 
64  04535 
57  -85589 
33  '85203 
29-78239 


1-846066 
1  -840179 

1  -807388 
1  -790292 
1 -771021 
1-750673 
1 -726694 
1  -759072 
1-738076 
1-714570 
1 -667782 
1 -619860 

1  528012 
1  -483720 
1  -443536 


00291 


-00831 

•01077 
-01140 

•01116 
-01163 

-01182 


•01092 
•01048 


•828646 
•827290 
•825592 
•819875 
•799251 
785271 
-768252 
•749241 
•729727 


1-717428 
1-691596 
1 -648712 
1  601468 


1-584480 
1  -467133 


-00082 


-00701 
•00827 
-00952 
•01033 


•01130 
•01165 


-01088 


1 ^788694 
l»-774564 
1-757576 


1  727413 
1  707859 
•684849 
•639307 
•592543 
•548091 
•502586 
•459055 


1 -236792 
1  -203677 


•00708 
•00826 


•01066 
•01114 
•01147 
•01156 

-01106 
-01073 


-00814 


96-70 

94  00 

88-03 
86  01 
83-98 
82-04 
80  04 

80  91 
78  96 
75  97 
71  96 

63  97 
59-88 
56-93 

60-95 

31-82 


L   2 
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Table  11— continued. 
Other  Determinations  at  7*978*'. 


dsjdp. 


dajdp. 


1  per  cent,  aeries. 


18  '18353 
15-733491 
13-92476 
11-90393 
10  01181 
8  -97026 
7  -94729 1 


6  -96219 


5-92188 
4-91592 
3  -76125 
2-97588 
1  -77511 


-132053 
•113271 
-099626 
-084542 
•070660 
•063110 
•055762 


1-048704 


L  '011353 
L  034300 
I  026234 
1-020800 
[  -012505 
0-998881  007108 
•999890 


•00767 
•00765 
-00747 
-00734 
•00725 
•00719 
•00716 
•00711 
-00706 
-00702 
•00698 
•00692 
•00691 
•00695 
•00723 


16-96 

14-83 

12-91 

10-96 

9-49 

8-46 

7-45 

6-93 

6*44 

5-42 

4-34 

3-87 

2-38 

1-39 

0-50 


97  -52668 1  -848901 


97 
96 
96 
95 


Strong  solutions,  full  series. 


99-86700 
99-69763 
99  -51810 
99-30558 
99-20729 
99-09372 
98-98453 
98-77812 
98-66856 
98-61877 
98-13654 


Alternate  dets. 


844560  A 
845196 B 
845867  A 
846542 B 
'846800 A 
•847115  B 
■847359  A 
847784 B 
'847948  A 
-848176 B 
-848651 A 


•00386  A 
•00343  B 
-00300  Ai 
•00271 b! 
••00261 A 
•  00212 B 
•00186  A! 
•00151 B 

00132  a; 


99-687 

99-497  0 

99-363  0 

99-202  0 

92-097  0 

98-941  0 

98-827  0 

98-648  0 

98-402  0 


Strong  solutions — 
{continues). 


13654 

78818 


13689 1 
74962 
33480 
87631 


-848661 
•848861 


848866 
-848646 
848257 
847660 


|i 


•00063  97-69 
•0001697-66 
-00001 9746 
-00009  97  33 
-0005796-94 
-0009496-64 
•00131 96  10 


Weak  solutions,  full  series. 


4-91592 
4-85527 


•76125 
•33425 
-97588 
-58432 
•20353 
-77511 
•37881 
-99888 

•79381 
•59736 
'39182 
•29680 
•19901 
•14796 
•09852 
•04945 
0 


1  •034300"] 
1-030357 


•026234J 

023286 

•020800 

•018089 

•015459 

-012505 

-009748 

•007108 

-005680 A 
•004289  B 
•002831 A 
-002160  Bi 
•001435  A' 
-001055  B| 
-000670 Al 
•000302  Bi 
'999890  A 


•00704 
•00698 
-00694 
•00690 
•00694 
•00692 
•00691 
•00690 
-00696 
•00695 

-00696 
Alternate 
•CO708  A 
-00708  B 
•00723  A 
•00743  B 
•00761 A 
•00764  B 
-00792 A 


4-685 
4  338 
4  058 
3  548 
3  154 
2-780 
2-394 
1-989 
1-577 
1-188 

0-896 
dets. 
0-593 
0-447 
0-295 
0-222 
0-149 
0-099 
0-049 
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Table  111.— Densities  of  Sulphuric  Acid  Solutions  at  38203°,  28064°, 

17-925%  and  7'97S\ 

Second  Differentiation  from  the  Smoothed  First  Differential  Curves. 


Atas-zoa". 


up 


dp» 


At  28 -064°.  Atl7-926°. 


dp 


dp» 


dp 


At7-978^ 


dp 


dpf 


99 
98 
97 
96 
95 
94 
93 
92 
91 
90 
»9 
88 
87 
86 
86 
84 
83 
82 
81 
80 
79 
78 
77 
76 
75 
74 
73 
72 
70 
68 
66 
64 
62 
60 
59 
56 
57 
56 
55 
54 
53 
52 
51 
50 
48 
46 
44 
42 
40 
38 
36 
^  J 

30 
28 
26 
24 
22 
20 
19  i 


-  2450 

-  630 
+  580 

1580 
2410 
3140 
3900 
4570 
5280 
6860 
6490 
7090 
7690 
8260 
8820 
9380 
9870 
10290 
10630 
10900 
11120 
11260 
11370 
11460 
11530 
11570 
11600 
11570 
11487 
11378 
11247 
11088 


10691 

10475 
10373 
10270 
10162 
10058 
9952 
9840 
9725 
9629 
9418 
9212 
9023 
8950 
8686 
8032 


8142 
8020 
7893 
7774 
7657 
7545 
7435 


1  per  cent,  series. 


-1820 
-1210 
-1000 

-  830 

-  730 

-  760 

-  670 

-  660 

-  630 

-  630 

-  600 

-  600 

-  570 

-  560 

-  460 

-  490 

-  420 

-  340 

-  270 

-  220 

-  140 

-  110 

-  90 

-  70 

-  40 

-  3 
I-  10 

42 
55 
66 
80 
95 
104 

108» 

102 
103 
108 
104 
106 
112 
115 
96 
106 
103 
95 
87 
82 
77 
70 
66 
60 
61 
64 
60 
59 
56 
55 


-2320 
-  670 
+  540 
1520 
2330 
3070 
3760 
4420 
5080 
5730 
6400 
7030 
7670 
8300 
8930 
9490 
9970 
10400 
10770 
11060 
11280 
11420 
11540 
11610 
11660 
11690 
11690 
11647 
11564 
11455 
11822 
11162 
10980 
10776 

10528 
10426 
10323 
10218 
10107 


9770 
9655 
9455 
9255 
9060 
8885 
8724 
8572 
8438 
8305 
8285 
8075 
7970 
7837 
7755 
7648 
7543 


-1650 
-1210 

-  980 

-  810 

-  740 

-  690 

-  660 

-  660 

-  650 : 

-  670 

-  630  I 

-  660  I 

-  630  I 

-  680 

-  560 

-  480  I 

-  430 

-  370  ; 

-  290  I 

-  220 

-  140 

-  120  I 

-  70 

-  50 

-  80 

+   4 

42 
65 
67 
80 
92 
102 

124» 

102 
103 
105 
111 
109 
113 
115 
115 
100 
100 


-2420 
-  780 
+  480 
1480 
2290 
3000 
3670 
4300 
4960 
5620 
6280 


9550 
10100 
10570 
10940 
11230 
11440 
11580 
11640 
11720 
11770 
11780 
11770 
11750 
11645 
11523 
11380 
11220 
11033 
10830 
10703 
10602 
10497 
10395 
10285 
10177 
10066 

9955 

9724 
9503 
9203 
9098 
8923 
8760 
8610 
8484 
8262 
8257 
8165 
8074 
7976 
7S74 
7763 
7648 
7592 


11 


-1690 
-1210 
-1000  , 

-  810  I 

-  710 

-  670  I 

-  630  I 

-  660  ' 

-  660  , 

-  660 

-  640  I 

-  660 

-  680 

-  670  I 

-  620 ; 

-  660  , 

-  470  ' 

-  370 

-  290 

-  210 

-  140 

-  60 

-  80 

-  50 

-  10 

-  10 
+  2 

53 
61 
72 
80 
94 
102 
105 
102 
105 
102 
110 
108 
112 
110 

116t 

111 
105 
98 
88 
82 
75 
63 
61 
58 
46 
46 
49 
61 
56 


-2280 
-  720 
+  430 
1400 
2190 
2920 
8570 
4230 
4870 
5630 
6180 
6840 
7550 
8260 
8960 
9650 
10230 
10720 
11110 
11420 
11620 
11700 
11770 
11800 
11840 
11850 
]]860 
11818 
11727 
11618 
11483 
11825 
11142 


10785 
10683 
10577 
10473 
10860 
10246 
10128 
9995 
9863 
9756 
9614 
9296 
9100 


8680 
8612 
8407 
8820 
8240 
8162 
8082 
8000 
7907 
7808 
7749 


-1560 
-1150 

-  970 

-  790 

-  780 

-  660 

-  660 

-  640 

-  660 

-  650 

-  660 

-  710 

-  710 

-  700 

-  690 

-  580 

-  490 

-  390 

-  310 

-  200 

-  80 

-  70 

-  30 

-  40 

-  10 
0 

+  20 
43 
66 
68 
79 
92 
105 
148 
102 
106 
104 
118 
116 
122 
128 
132 
108 
121 
110 
98 
88 
78 
68 
61 
53 
44 
40 
89 
40 
41 
47 
50 


98*6 
97-5 
96-5 
95-5 
94-5 
93-6 
92-5 
91-6 
90-5 
89-5 
88-5 
87-5 
86-5 
85-5 
84-5 
83-6 
82-5 
81-5 
80-5 
79-5 
78-5 
77*5 
76-5 
75-5 
74-5 
73-6 
72-5 
71-0 
69-0 
67-0 
65-0 
63-0 
61-0 
69-5 
68-5 
67-6 
66-5 
65-5 
64-5 
53-5 
52-5 
61-6 
60-5 
49-0 
47-0 
45-0 
48-0 
41-0 
39  0 
37-0 
86-0 
83 -0 
31*0 
29-0 
27-0 
25*0 
23-0 
21-0 
19-5 


•  At  69. 


t  AC  61, 
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TAEI.B  III^ — continued. 


At  17  -925*. 


dp 


dp»' 


At  7  •978*'. 


ds 
dp 


djfA- 


8-8 
S-6 
8  0 
2*5 
20 
1-6 

1-0 

0  0 

0*8 

0-7 

0-6 

0*A 

0*4 

0*3 

0-24 

0-20 

0*10 

0*12 

0*08 

0*04 


19 

•007592 

•007640 

•007484 

•007427 

•007872 

•007810 

•0072*8 

•007192 

•007126 

•007062 

•006990 

•006928 

•006863 

•006807 

■006765 

•006707 

•006666 

•006680 

•006700 

0*6 

•006870 

99-8 

-•00418 

99*4 

-  -00318 

99*0 

-•00283 

98*6 

-•00158 

98  2 

-•00094 

97*8 

-•00040 

97*4 

+  •00006 

97-0 

•00060 

96*6 

•00098 

96*2 

•00182 

95-8 

•00168 

95*4 

•00208 

96-0 

•00282 

94-6 

•00261 

94-2 

•00288 

•006690 
•006670 
•006646 
•006686 
-006686 
•000650 
f  •006675  \ 
t -006660/ 
•006620 
•006686 
•006740 
•006795 
•00840 
•006899 
•006981^ 
•0D69I6 
^006960 
•00702a 
•007090 
•007290 


1  per  cent,  aeries. 


•000052 
•000066 
•0000S7 
•000065 
•000062 
•000067 
•000061 
•000066 
•000064 
•000072 
•000067 
•000060 
•000066 
•000062 
•000048 
•000042 
-¥  *000036 
-•000070 
-  000840 


•007749 
•007710 
•007670 
•007628 
•007676 
•O07524 
•007467 
•007408 
•007848 
•00728* 
•007220 
•007167 
•007100 
•007050 
•007000 
•006958 
•006910 
•006920 
•007025 
•007280 


Strong  solutions. 


•00260 
-■002U 
-•0U188 
- -00160 
-•00136 
-•00115 

•00110 
-•00108 
-00098 
-•00090 
-•00086 
-•00076 
-•00073 
-•00068 


-  ^00420 
-•00818 
-•00224 

-  •oowo 

-•OOOtJO 
-■00085 
+  •00008 
•00049 
•00086 
•00128 
•00169 
•00191 
•00221 
•00260 
•00278 


Weak  solutions. 


•0C0067 
•000060 

•00002a 

0 
-•000080 
-•000060 

-•000600 
-•000U60 
-•000660 
-•000660 
-•000460 
-•000600 
-•000400 
+  •000260 
-  -001 180 
-•001800 
-•001780 

-•ooeooa 

-•000360 


•006916 
•006910 
•006916 
•006980 
•006948 


•006950 
•007020 
•007070 
•007096 
•007096 
•007076 


•000089 

18*5 

•000040 

17-6 

•000047 

16  ^5 

•000047 

16^6 

•000062 

14  6 

•000067 

13^5 

•000059 

12-6 

•000060 

11  ^5 

•000066 

10-5 

•000062 

9-5 

•000068 

8*5 

•000069 

i     7-6 

•060060 

6*5 

•000060 

6 -6 

•000047 

4*5 

+  000043 

8*5 

-000010 

2  6 

-  •000105 

1^8 

-•000410 

0*78 

-•00268 

99*6 

99-2 

-•00196 

98  ^8 

- -00180 

98^4 

- -00128 

98-0 

-•00108 

97-6 

-•00108 

97-2 

-•00098 

96^8 

-•00008 

96^4 

-•00090 

96  •O 

-•00080 

96*6 

-*00075 

95  2 

-•0007^ 

94-8 

.  -•OOOTO 

94*4 

8-66 

+  •000010 

8-25 

-•000010 

2-75 

-•000080 

2-25 

-•000080 

1-75 

-•000060 

1^2C. 

+  •000200 

0*  S5 

-•0007B0 

^  0'^ 

-•oooaoo 

O-'b 
0-66 

+  -000260 

+ -000200 

0*56 
0*46 

~" 

0*86 

~" 

0*27 

^ 

©•22 

— 

t  'i'lS 

— 

0.  -14 

- 

0*(>.^ 
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Tablb  III — cofUintted, 


Atl7'925'».- 

At  7-978*'. 

f- 

dM 
dp' 

dH 

d?' 

d» 

dH 

di^' 

P- 

0-4 
0-86 
0  30 
0-26 
0*20 
0-16 
0-10 
0-06 
0 

- 

- 

•007076 
•007180 
•007236 
•007326 
•007430 
•007670 
•007720 
•007886 
•008090 

-•001700 
-•001500 
-•OOIS'O 
- -002100 
-•002800 
-•008000 

-•004100 

0-376 
0-325 
0-275 
0-i26 
0-175 
0-126 
0-075 
0-025 

Tabx«e  IV. — First  Differential:  of  the  Densities  of  Bvlphuric  Acid  at 
0**,  cLccording  to  Mendeleeffy  with  Vcdues  altered  for  comparison  with 
Fichering*s  results. 


p* 

ds 

^  altered. 

rfp- 

dp 

95-86 

-00X10 

•00090 

87-94 

•00693 

•00684 

83-60 

-00995 

hK)992 

80-99 

-OHIO 

•01093 

76-49 

•01177 

•01198 

71  00 

-01177 

•01208 

64-96 

•01138 

•01156 

66-97 

•01066 

•01079 

43-87 

•00916 

•00911 

32-75 

•00836 

•0C844 

24-98 

•00799 

•00S15 

X4-I5 

•00751 

•00770 

7-46 

•00714 

•00737 

8-76 

•00695 

•00716 

1-98 

•00692 

•00709 

0-70 

•00715 

•00770 

Digitized  by  VjOOQIC 


148 


PICKERING:  A  STUDY  OP 


Table  V. — GorUraction  in  ex,  on  the  Formation  of  1  gra/m  of  Sulphuric 
Acid  Solutions  at  17*925°. 

Volume  of  1  gram  of  water  »  1  '001807  c.c. 

„  „  ,f      sulphuric  acid  »  0  '545379  c.c. 


99  "85350 

98-82200 
98  -77812 

97-82685 
96-74952 
96*02135 
95-01355 
93  '99780 
92 -99056 
91  -62209 
91  -02467 
90'046U6 
89-03102 
87  -95802 
87-03615 
85  -95828 
84-97907 
83-56640 
82-98206 
81  -98460 
81-09315 
79-98477 
78-98995 
78  -25462 
75  -95699 
74-004-iO 
72  02272 
70  -09785 
68-10148 
66-13310 
64*89103 
64-11204 
62  04053 
59-98903 
57-88930 
55  -87689 
53-89570 
51-91839 
49  -90183 
47-92JK)8 
45  -95306 
44  -02251 
41  *97705 
39  '99233 
38  03978 
35*99021 
34  03459 


Sum  of 
volumes. 


Volume  of 
mixture. 


Contraction 
C. 


dC 
dp' 


•546047 

550749 
550957 

555287 
560199 
563519 
568113 
572745 
577384 
583576 
586300 
590762 
595390 
6002S4 
604485 
609507 
613864 
620294 
622968 
627516 
631581 
636634 
641170 
644523 
654998 
663900 
672935 
681710 
690813 
699787 
745451 
709000 
718447 
727716 
737373 
746549 
755581 
764597 
773791 
773791 
782784 
791694 
809921 
819070 
827873 
837217 
846134 


-545184 

'544232 

•544203 

-543889 
•543943 
•544192 
•644727 
-545539 
-5465*27 
•548222 
■549071 
•550621 
'552463 
-554627 
■556692 
-559348 
-562169 
-B66266 
-558131 
-571494 
•574631 
•578729 
-582552 
-585418 
'594754 
•602987 
•611586 
•620133 
•629165 
-638228 
•643999 
•647683 
•665701 
•667345 
•677534 
•687342 
-697096 
•706892 
•716919 
•716919 
•726784 
-736710 
-756856 
•767041 
-777138 
'787859 
-798211 


•000863 

006518 
006754 

011398 
016356 
019327 
023386 
027206 
030850 
035354 
037229 
040140 
042926 
0-45657 
047793 
050159 
051695 
054028 
054837 
056022 
056950 
■057905 
058618 
059105 
060344 
060914 
061349 
061577 
061648 
061559 
061452 
061347 
060946 
0(K>371 
059839 
059207 
058485 
057705 
056872 
056000 
054984 
054107 
053065 
051929 
050735 
049358 
047923 


006482 
005478 

004904 

004882 

004509 

(104215 

004028 

003761 

003624 

003287 

003139 

002975 

00z745 

002545 

002317 

002195 

001569 

001652 

001385 

001188 

0(U041 

(XJ0862 

000717 

000662 

(X)539 

000287 

000220 

0(X)118 

000036 

000045 

000086 

0U0135 

000194 

OtX)280 

0(0263 

0(X)314 

000364 

0<30394 

000413 

000442 

(M)0514 

0110454 

000509 

000572 

000612 

000672 

000734 


99 


98 
97 
96 
96 
94 
93 
92 
91 
90 
89 
88 
87 
86 
85 
84 
83 
82 
81 
80 
79 
78 
77 
74 
73 
71 
69 
67 
65 
64 
63 
61 
68 
66 
54 
62 
60 
48 
46 
44 
43 
40 
39 
87 
36 


34 
82 

82 
30 
29 
39 
62 
61 
60 
31 
82 
63 
63 
49 
49 
60 
47 
27 
27 
48 
64 
64 
48 
62 
11 
98 
01 
06 
10 
12 
61 
60 
08 
01 
94 
89 
89 
91 
91 
91 
94 
99 
00 
98 
01 
01 
01 
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p- 

Sam  of 
Yolumee. 

Yolame  of 
mixture. 

Contraction 
C. 

dC 

dp' 

P- 

34-03459 
31-99420 
30-03628 
28*06891 
26-21825 
24-01732 
22  06137 
20-04282 
18  00697 
15-99627 
18-99655 
12-13767 
9  80405 

7  -955370 
6-025176 
4-003331 

8  042904 
1*796562 
0-997007 

0 

846134 
•855440 
864363 
•873333 
•881770 
891806 
•900723 
909926 
919213 
928375 
937493 
945968 
956599 
965036 
973836 
983054 
987433 
•993116 
996762 

•798211 
•809129 
•819839 
•830700 
-841076 
-853600 
•864886 
-876696 
-888742 
•900789 
912896 
-924263 
•938659 
•950202 
•962285 
•975065 
•981209 
•989253 
•994482 
1  001307 

•047923 
046311 
'044624 
-042633 
•040694 
•038205 
035837 
033230 
•030471 
•027586 
•024597 
021706 
017940 
•014834 
•011551 
007989 
•006224 
•003R63 
•002280 
0 

-000790 
•000913 
•000961 
-001048 
•001131 
-001211 
•001292 
-001355 
•001436 
•001495 
•001556 
•001613 
-001680 
•001701 
-001762 
•001838 
-001894 
•001980 
•002281 

33  01 

31-00 

29  05 

27-14 

26  12 

23  04 

21  06 

19-02 

17-00 

15  00 

1307 

10-97 

8-86 

6  99 

5-01 

3 '52 

.2-42 

1-40 

0-49 

8  970256 
6  162185 
4  915919 

-960409 
•969564 
•978894 

•943793 
•965337 
•969272 

•016616 
•013227 
•009622 

-001688 
•001762 

7-97 
5-94 

Strong  aolutions. 


100-00000 
99-85350 

-646047 

•545379 
•545184 

0 
•000863 

-  005891 

99-927 

99-69763 

-546758 

•644986 

•001772 

-  005593 

99-505 

99  31215 

•548517 

-644599 

•003918 

-  005617 

99  -510 

99-30558 

-548545 

-644581 

•003964 

-•005407 

99-26 

99-20729 

•548993 

-644508 

•004485 

1    1    1    1 

99-26 
99  11 
99-04 
98-90 

99  09372 

649511 

•544409 

-005102 

98-98452 

-550009 

•544328 

-005681 

96-82200 

•650749 

•644*:32 

•006518 

-  -005199 

98-88 

98-77812 

•550957 

•544203 

•006754 

-    005129 

98-75 

98-66866 

-651450 

•644146 

-007305 

-  ^005029 

-  005007 
-004900 

-  004747 

-  -004641 

-  -004551 
-•004363 

-  004293 

98-72 
98-59 
98-33 
97-98 
97-68 
97-33 
96-94 
96-56 

98-51877 

•552132 

•544077 

•008055 

98-13654 

-553875 

•543947 

•009928 

97-82685 

-555287 

•643889 

•011398 

97-52668 

-556655 

•543864 

•012791 

97-18589 

-658443 

-543878 

•014565 

96-74953 

-560199 

•643943 

•016256 

96-36863 

•661934 

•544043 

•017891 

-  004256 

96-54 

96-33480 

-662088 

•644067 

•018021 

-  ^004147 

96-20 

06  02186 

•663619 

-544192 

•019327 

-  ^004167 

96  18 
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Tablh  V — ootUinuecL 


Sum  of 
Tolumee. 


Volume  of 
mixture. 


Contraction 
C. 


dC 
dp' 


Weak  solutions. 


4-915919 
4-855266 
4-008331 
3-806007 
8-413022 
8  042904 
2-594819 
2-222768 
1  -796562 
1-407762 
0-997077 
0-807416 
0-599067 
0-399816 
0-202068 
0-101357 
0 

•978894 
•981450 
-983054 
-988954 
•985746 
-987483 
-989480 
■991172 
-993116 
•994889 
-996762 
-997626 
-998576 
-999484 
1-000385 
1-000845 

1 
1 

•969272 
•972880 
•975065 
-976335 
978855 
•981209 
984094 
986479 
-989258 
991776 
994482 
•995720 
•997120 
•998474 
•999841 
-000550 
001377 

-009622 
-0()8H20 
•007989 
•007G19 
•00G891 
•006224 
•005386 
001693 
-0038G3 
'003113 
■002280 
■001906 
•001456 
•001010 
•000544 
•000295 
0 

- 

001787 
001793 
001875 
•001853 
•001802 
001870 
001863 
•001947 
001929 
002028 
001972 
002160 
■002238 
■002357 
•002473 
002911 

4-655 
4  179 
3  905 
3-610 
3-228 
2*819 
2-409 
2-010 
1-602 
1*202 

-  -902 
-•703 

-  -499 
--301 

-  152 
-■056 

0-296800 

0-147963 

0-049453 

0 

•999954 
1  -000634 
1  -001097 

-999168 
1  -000198 
1-000897 
1-001807 

•000791 
•000441 
•000200 
0 

-  -002852 
-002445 
-•004048 

-•222 
-099 
-025 
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Table  VI. — Contraction  on  the  formation  of  Stdphuric  Acid  Solutions 

at  17•925.^ 
Second  Differentiation  from  the  Smoothed  First  Differential  Owrve. 


p- 

i- 

.^.0.. 

p. 

for  1  C.C. 

p. 

f- 

-^- 

p. 

for  1  C.C. 

100 
99 
98 
97 
96 
9& 
94 
93 
92 
91 
90 
89 
88 
87 
86 
84 
83-5 

8a 

83-6 

82 

81-6 

81 

80-5 

80 

79 

78 

7T 

76 

79 

74 

-6970 
-6270 
-4760 
-4380 
-4100 
-3880 
-3710 
-3480 
-3260 
-3060 
-2840 
-2640 
-2480 
-2270 
-2120 
-1680 
-1440 
-1320 
-1206 
-1090 

-  990 

-  920 

-  860 

-  780^ 

-  680 

-  600 

-  620 

-  400 

-  280 

-  160 

-700 
-620 
-370 
-280 
-220 
-170 
-230 
-230 
-200 
-210 
-200 
-190 
-180 
-160 

-280 
-240 
-240 
-220 
-200 
-140 
-140 
-140 
-100 

-  80 

-  80 
-120 
-120 
-120 

99-9 
.  98-6 
9Tb 
96-6 
96-5 
94-6 
98-6 
92-6 
91-6 
90-6 
89-6 
88-8 
87-6 
86 -6 

88-76 

83*26 

82-76 

82-26 

81-76 

81-26 

80-76 

80-26 

79-6 

78-6 

77-6 

76-6 

76-6 

74*6 

-1280 

-  960 

-  6«0 

-  610 

-  400 

-  310 

-  420 

-  420 

-  360 

-  380 

-  360 

-  340 

-  320 

-  270 

-  960 

-  420 

-  420 

-  390 

-  360 

-  240 

-  240 

-  240 

-  170 

-  140 

-  140 

-  290 

-  200 
"   200 

66 

64 
62 
60 
68 
66 
64 
62 
60 
48 
44 
42 
40 
38 
36 
34 
32 
30 
28 
26 
24 
22 
20 
18 
16 
14 
12 
10 
8 
6 
4 
2 
1 
0 

90 
167 
223 
229 
280 
836 
376 
406 
430 
443 
.  480 
633 
692 
646 
706 
760 
824 
910 
1006 
1092 
1176 
1262 
1327 
1308 
1462 
1527 
1683 
1636 
1686 
1726 
1800 
1928 
2060 
2380 

-  34 

-  33 

-  2 

-  80 

-  28 

-  20 

-  16 

-  18 

-  7 

-"27 

-  30 

-  27 

-  30 

-  28 

-  32 

-  48 

-  44 

-  42 

-  39 

-  38 

-  33 

-  36 

-  33 

-  28 

-  26 

-  28 

-  20 

-  38 

-  64 
-122 
-380 

68 
63 
61 
69 
67 
66 
63 
61 
48 

43 

41 
39 
87 
36 
83 

29 
27 
24 
23 
21 
19 
17 
16 
13 
11 

9 

7 

6 

3 

1-6 

0-6 

-  63 

-  60 

-  3 

-  44 

-  41 

-  29 

-  21 

-  18 

-  10 

-  36 

-  39 

-  36 

-  38 

-  36 

-  40 

-  68 

-  53 

-  60 

-  45 

-  44 

-  37 

-  39 

-  36 

-  30 

-  28 

-  27 

-  21 

-  39 

-  65 

74 
72 
70 
68 
66 

-  273 

-  173 

-  76 
+   » 

90 

-  60 

-  49 

-  42 

-  41 

73 
71 
69 
67 

-  83 

-  79 

-  67 

-  66 

-  124 
«  331 
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Table    VIIa. J>e7iJntie8  of  Sulphuric  Acid  Solutions  at  38" 

andSr. 


p- 

ss**. 

28^. 

18". 

8\ 

99 '8 

X- 814845 

1  -824760 

1*834748 

1-845070 

99-6 

X  -815555 

1-826497 

1  835479 

1-845806 

99-4 

1  -816250 

1  -826186 

1  -836137 

1-846450 

99-2 

X  -816850 

1-826766 

1  -836713 

1-847004 

98  -8 

X  -817830 

1  -827626 

1  -837578 

1  -847845 

98-6 

X  -818194 

1  -827936 

1  -837912 

1  -848168 

98  4 

X  -818505 

1-828191 

1  -838198 

1-848454 

98 '2 

X  -818760 

1-828396 

1  -838373 

1-848634 

96-5 

X  -818470 

1  -828151 

1  -838111 

1-848338 

93 

X  -809210 

1-819228 

1  -829431 

1  -839952 

Ql 

X-800024 

1  -81'»262 

1-820765 

1  -831459 

c7X. 

89 
87 
85 
83 
81 
79 
77 
75 
73 
71 
69 
67 
65 
63 

X  -718279 

1 -798706 

l-«)9429 

1 -820398 

X  -774018 

1 -984586 

1 -795526 

1  -806623 

X  - 757434 

1 -767969 

1 -778898 

1-789912 

X  -738604 

1  -748901 

1 -759648 

1  -770573 

X  -718071 

1  -728137 

1  -738544 

1-749074 

X  -696232 

1  -706022 

1  -716010 

1  -726197 

X  -673646 

1-683189 

1  -692867 

1-702749 

X  -6&0756 

1  -659976 

1  -669457 

1  -679193 

X  -627562 

1  -636621 

1  -645942 

1  -655397 

X-604441 

1-613325 

1-622454 

1  -631802 

X  -581463 

1-590203 

1  '599193 

1-608368 

1   -568715 

1-567313 

1-576146 

1-585178 

X  -536280 

1-5447  6 

1  -553409 

1-562266 

X  -514138 

1 -522393 

1  -531006 

1  -539653 

X  -492282 

1-500387 

1-508963 

1-517389 

61 

X  -470823 
X  -449876 

1-478857 

1-487286 

1  -495538 

59 

1-457806 

1 -466143 

1-474294 

57 

X  -429368 
X-409313 
X-389620 
X -370414 
1  -361623 
X  -333197 
X  -315164 
X  -297453 
X  -280100 
X    263035 
X -246256 
X -229724 
X  -213454 
X  -X97410 
X  -X81646 

x-ie6iif 

i  -150802 
X  -135703 

1-427182 

1-445384 

1-453401 

55 

1  -417038 

1 -425057 

1  -433042 

53 

1  -397281 

1 -405197 

1  -413067 

51 

1-379982 

1-885774 

1  -393553 

49 

1-359111 

1  -366818 

1-374521 

47 

1  -340614 

1  -348235 

1  -355890 

45 

1-322544 

1  -330112 

1  -337677 

AA 

1-314800 

1  -312289 

1 -319801 

41 

1  -287358 

1  -294805 

1  -302260 

39 

1-270239 

1  -277611 

1  -285003 

37 

1-253394 

1  -260660 

1  -267979 

35 

1-236768 

1  -243936 

1  -251164 

33 

1-220397 

1 -227424 

1  -234568 

31 

1  -204254 

1  -211140 

1  -218116 

29 

1-188302 

1  -195024 

1 -201830 

27 

1-172602 

1 -179104 

1  185673 

25 

1  157121 

1  -163388 

1  -169687 

23 
21 

1  -141819 

1  -147841 
1  -132576 

1  153867 
1  -138268 

19 

— 

1  117505 

1  -122834 

17 

— 

1  -102675 

1  -107612 

15 

— 

1-088171 

1  -092620 

13 

'      ' 

— 

1 -073725 

1 -077813 

11 

' 

— 

1-059634 

1 -063270 

9 

' 

— 

1 -045788 

1 -04S940 

7 

— 

1 -028890 

1-031357 

4-5 
TOi*. 
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Table  VIIa — continued. 


p- 

88°. 

2^. 

18". 

8^ 

2-8 





1  017516 

1  019566 

2-6 

— 

— 

1-016187 

1^18386 

2*4 

— 

— 

1  -014875 

1  016808 

2-2 

— 

» 

1  018650 

1  015420 

1-8 

— 

— 

1  -010892 

1  012666 

1-6 

— 

— 

1  -009567 

1  011271 

1-4 

— 

— 

1  008288 

1-009884 

1-2 

— 

— 

1-006899 

1  008498 

•8 

~ 

— 

1  004247 

1  006716 

•6 

— 

— 

1002899 

1  004502 

•4 

— 

— 

1  001584 

1  002884 

•8 

— 

— 

1  000844 

1  002179 

•2 

— 

— 

1  -000162 

1  -001488 

•1 

""~ 

"~" 

0-999446 

1  000678 

Table  VIII. — Electric  Conductivity  of  Sulpliurie  Acid  Sohdiona, 
Direct  First  <md  Second  differentiation. 


First  difFerentiation. 


Second  differentiation. 


*i,pl0P. 


^10». 
dp 


i» 


100-00 

0 

•99-44 

199 

•99  08 

837-4 

•98-42 

558 

•96-87 

790 

96-20 

948 

92-90 

1025 

90-60 

1014 

87-62 

954 

86-10 

927 

84-49 

914 

82  06 

945 

78-70 

1109 

75-00 

1421 

71-46 

1828 

66-16 

2554 

69  95 

8494 

49-61 

5112 

89  79 

6383 

84-87 

6784 

29-92 

6911 

24*89 

6701 

19-95 

6100 

15 -33 

5168 

10-06 

8679 

6  02 

1944 

2-51 

1026 

1-08 

448 

0 

0 

-856-4 
-884-4 
-826-7 
-152-9 

-  94-6 

-  88-6 
+  4-6 

20-1 

19  0 

+  8  1 

-  12-8 

-  48-8 

-  84-8 
-118  6 
-137-9 
-151-4 
-156-5 
-129-4 

-  76-9 

-  26-6 
+  41-7 

121-6 
201-7 
282  0 
844-9 
865-7 
894-6 
430-1 


99-72 
99-26 
98-76 
97-646 
96  086 
94-06 
91-7 
89-01 
86-81 
85-295 
83-275 
80*88 
76-85 
73-28 
68*81 
63 -055 
54-78 
44-70 
87-83 
82-896 
27-406 
22-42 
17  64 
12-69 
7-535 
8-765 
1-77 
0-616 


+  62-2 
-118-1 
-157-8 

-  86-2 

-  80-8 

-  16-2 

-  6-0 
+     0-5 

6*1 

10  8 

12-6 

10-1 

8  1 

6-5 

2-8 

+     0-6 

-  2-7 

-  7-8 

-  10*2 

-  18-5 

-  16-0 

-  16-8 

-  16-2 

-  12-2 

-  6-6 

-  14-5 

-  28-8 


99-49 
99-00 
98-20 
96-84 
96-04 
92-87 
90-35 
87-91 
86-06 
84-28 
81-88 
78*61 
76-04 
71-02 
65-93 
68-92 
49-74 
41-02 
84-86 
29-90 
24-91 
20-03 
15-16 
10-11 
6-66 
2-77 
1-14 
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Table  IX. — Second  Differentiation  of  Part  of  the  Curve  representing 
the  Conductivity  of  Sulphuric  Acid  Solutions. 


p- 

fio-. 

dp 

P- 

0 

1 

2 
8 

4 
5 
6 
7 
8 
9 
10 

448-5 
415-5 
391-5 
875-5 
363-0 
354-8 
349  0 
345-5 
344-3 
345-5 
349-0 

-33  0 
-24  0 
-16-0 
-12-5 

-  8-2 

-  6-8 

-  3-2 

-  1-2 
+   1-2 
+   3-5 

0-5 
1-5 
2-5 
3-5 
4-6 
6-6 
6-5 
7-5 
8-5 
9-5 

M  2 
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Table  XTI. — Heat  Gapadties  of  Sulphuric  Add  Solutions.     Second 
Differentiation  from  the  Smoothed  First  Differential  Curve. 


V' 

dp' 

P- 

9  0 
8-6 
8  0 
7  6 
7  0 
6^6 
6^0 
6  5 
6  0 
4-5 
4  0 
3-5 
3  0 
2-6 
2-0 
16 
10 
0  8 
0-6 
0  4 
0-2 
0 

1    1    1    1    1   1    1    1    1   t   1   1    1    M    1   1   1    1    1    1    1 

-•00080 
-•00070 
-•00040 

0 
+  ^00020 

•00066 

•00050 

•00104 

•00090 
4-  00160 
-•00620 
+  -00150 

•00094 

•00090 

'00056 

•00014 

•00440 

•00075 

•OOIOO 

•00125 

•00140 

« 

8-76 
8-26 
7  76 

7  26 
6-76 
6-26 
6-76 
6-26 
4-76 
4  26 
8-76 

8  26 
2-76 
2-26 
1-76 
1-26 
0-9 
0-7 
0-6 
0-3 
01 
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Table  XIII. — First  Differefitiation  of  the  Heai  Capacity  of  Solutions  of 
Sulphuric  Acid  from  the  Smoothed  Curve  representing  the  Determi- 
nations. 


if'. 


12-5 

12  0 

11-5 

11  0 

10-5 

10-0 

9-5 

9  0 

8-5 

8  0 

7-6 

7-0 

6-5 

60 

5-5 

6  0 

4-5 

4  0 

8-8 

8-6 

8-4 

3-2 

3-0 

2*8 

2-6 

2-4 

2-2 

2-0 

1-8 

1-6 

1-4 

1*2 

10 

•8 

•6 

•4 

•2 


d^' 


•90480 
•90862 
•91229 
•91589 
•91955 


•92695 
•93137 
-93528 
•93915 
•94303 
•94685 
•95070 
•95452 
•95827 
•96195 
•96583 
•97075 
•97215 
•97359 
•97506 
•97659 
•97812 
•97969 
•98129 


•98459 


•98977 
•99155 
99334 
•99516 
•99715 
•99901 
•00093 
•00293 
•00500 


•00764 

12-26 

•00734 

11-75 

•00720 

11-25 

•00732 

10-75 

•00736 

10-25 

•00744 

9-75 

•00882 

9-25 

•00782 

8-75 

•00774 

8-25 

•00776 

7-75 

•00764 

7  25 

•00770 

675 

•00764 

6  25 

•00750 

6  75 

•00736 

6-25 

•00776 

4  75 

•00982 

425 

•00700 

8  9 

•00690 

3  7 

•00735 

8-6 

•00755 

3-3 

•00775 

81 

•00786 

2-9 

•00800 

2-7 

•00816 

2-6 

•00835 

23 

•00850 

2  1 

•00870 

19 

•00670 

1-7 

00890 

15 

•00895 

1-8 

•00910 

1-1 

•00995 

0-9 

•00930 

0-7 

•00960 

0-5 

•01000 

0  3 

•01036 

0  1 
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Table    XVI. Seat      of   Dissolution    of    Sulphuric    Acid 

JHfferentiation  of  the  Smoothed  Curve  representing  the  Be 


\ 


First  differentiation. 


21215 

20S77 

20547 

20224 

19907 

19602 

19287 

18967 

186a7 

18350 

18050 

17754 

174^1 

17127 

16825 

16515 

16215 

15917 

15628 

15350 

15067 

14783 
14507 

14r2SS 

13971 

13707 

13450 

13200 

139o5 

12707 

X24€Jo 

12232 

11703 

X  J  305 

XO&^^ 

xoxtrr 

0&30 

8323 
8037 

7237 


245 


99-25 

98-75 

98-25 

97-75 

97-25 

96-75 

96  -25 

95-75 

95-25 

94-75 

94-25 

93*75 

93-25 

92-75 

92-25 

91-75 

91-25 

90-75 

90-25 

89-75 

89-25 

88 '75 

88-25 

87-75 

87-25 

86-75 

86-25 

85  75 

85  25 

84  75 

84-25 

83-5 

82-5 

81-6 

80-5 

79-5 

78-5 

77-5 

76-5 

75-5 

74-5 

73  5 

72-6 

71-5 

70-5 

69-5 

68-5 


Second  differentiation 


99 
99 
98 
98 
97 
97 
96 
96 
95 
95 
94 
94 
94 
93 
93 
92 
92 
91 
91 
90 
90 
89 
89 
88 
8S 
87 
87 
86 
86 
85 
8ft 
84 
83 
82 
81 
80 
79 
78 

73 

72 
71 
70 
69 
68 
67 
60 
65 


dO 

dp' 


'4 

680 

•0 

6G6 

•6 

654 

•2 

613 

•8 

634 

-4 

626 

•75 

634 

•25 

627 

•75 

619 

•25 

610 

-76 

600 

•25 

689 

•0 

625 

5 

623 

-0 

619 

■5 

612 

-0 

605 

•5 

595 

•0 

583 

•5 

569 

•0 

554 

•5 

579 

0 

563 

•5 

548 

•0 

535 

•5 

523 

0 

614 

5 

605 

•0 

498 

•5 

492 

•0 

489 

•5 

488 

•5 

411 

5 

426 

■5 

409 

•5 

390-5 

-5 

368-5 

•5 

334*5 

•5 

290-5 

•5 

284  0 

-5 

274-0 

•5 

264-5 

•5 

256 -5 

-5 

246-6 

•5 

£390 

•5 

231  0 

•6 

223-3 
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Table  XVI — continmd. 


First  differentiation. 


D. 


rfD 
dp- 


Second  differentiation. 


dD 
dp 


df' 


68 
67 
66 
65 
64 
63 
62 
61 

60 

59 
58 
57 
56 
55 
54 
53 
ht 
51 
50 
49 
43 
47 
46 
45 
44 
43 
42 
41 
40 
89 
38 
37 
36 
35 
34 
33 


6092 

67r>7 

6525 

6303 

6087 

5875 

5668 

5473 

5280 

5271 

5082 

4897 

4718 

451-8 

4378 

4213 

4053 

3898 

3751 

3585 

3414 

3306 

3172 

3043 

2017 

2793 

2672 

2557 

2441 

2331) 

2222 

2118 

2017 

1918 

3831-5 

1747  0 

1663  -5 


235 

67-5 

232 

66-5 

282 

65-5 

216 

04-5 

212 

63-5 

207 

62-5 

195 

61-5 

193 

60-5 

189 

59  5 

185 

58-5 

179 

57-5 

172 

56-5 

168 

55-5 

165 

54  5 

160 

53*5 

155 

52  "5 

147 

51-5 

166 

50-5 

141 

49-5 

138 

48-5 

134 

47-5 

129 

46-5 

126 

45-5 

124 

4^4-5 

121 

43-5 

117 

42-5 

114 

41-5 

lU 

40-5 

108 

39-5 

104 

38-5 

101 

37-5 

99 

36-5 

86-8 

35*5 

84-5 

34 '5 

83-5 

33-5 

65-5 
64-5 


63 
62 
61 
60- 


20 

18 

17 

16 

15 

14 

13 

12 

11 

10 

8 

8 

7 

7 

6 

6 

5 

5 


60-0 


51 
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36*5 

35 

34 
33 
32 
31 
30 
29 
28 


5 

5 

5 

75 

25 

75 

25 

75 

25 

75 

25 


223 
217 
210 
203 
107 
192 

190 

146 
140 


87 
83 
80 
77 
75 
73 
71 
65 

32 
50 
48 
47 
45 
43 
42 
40 
38 
36 
44 
42 
41 
40 
40 
39 
39 
39 


6-3 

6-5 
7-0 
6-0 
5*5 
2-6 

4-97 

4  0 

23 


3 
3 
2 
2 
2 
1 
5 

4 

-11 
1 
1 
1 
1 
1 
1 
1 
1 
-4 
2 
2 
2 
1 
1 
0 
0 


65 

64 

63 

62 

61 

60-25 
'60  to 
,51 

50-25 
'49*5  to 
^36*5 

35  -75 

34*5 
33*5 
31-5 
31*5 
30-5 
29*5 
28-5 
^28  to 
[20 
19*25 
18 
17 
16 
15 
14 
13 
12 
11 

9 

8 

8 

7 

7 

6 

6 

5 


•63 

5 
•0 
•5 
•0 

5 
■0 
■5 
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Tablb  XVI — continued. 


First  differentiation. 


First  differentiation. 


P- 


D. 


dp 


dp 

dp " 


33 
32 
31 
30 
29 
28 
27 
26 
25 
24 


21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 

8- 


1663 

1585 

1508 

1434 

1361 

1289 

1225 

1161 

1101 

1039 

982 

926 

871 

817 

774 

724 

675 

628 

584 

540 

498 

457 

418 

381 

348 

326 


78 

3 

32-5 

77 

0 

31-5 

73 

5 

30-5 

73 

0 

29-5 

72 

2 

28*5 

64 

2 

27-5 

63 

•6 

26-5 

60 

7 

25-5 

61 

5 

24*5 

57 

5 

23-5 

56 

0 

22-5 

55 

0 

21-5 

53 

5 

20-5 

33 

5 

19-5 

50 

0 

18-5 

48 

5 

17-5 

46 

8 

16-5 

44 

7 

15-5 

44 

0 

14-5 

41 

8 

13-5 

41 

0 

12-5 

38 

5 

11-5 

37 

7 

10-5 

32 

7 

9-5 

44 

6 

8-7 

•75 


8-5 
8-0 
7-5 
7  0 
6*5 
6-0 
5-6 
5*0 

46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 


326-0 
304-8 
283-8 
263-5 
243-5 
224  0 
204-0 
185-0 
Another 

3042 

2920 

2802 

2681 

2563 

2419 

2336 

2227 

2121 

2018 

1926 

1834 

1747 

1663 

1582 

1506 

1436 

1366 


42-4 

42-0 
40-6 
40  0 
39-0 
40-0 
39-0 

reading. 


122 

45-1 

118 

44  1 

121 

43-i 

118 

42  1 

114 

41-1 

113 

40 -i 

109 

39-, 

106 

38 -1 

103 

37  *i 

92 

36 

92 

35- 

87 

34- 

84 

33- 

79 

32- 

76 

31- 

70 

30- 

70 

29 

8-25 
7-75 
7-25 
6-75 

6-25 
5-75 
5-25 


YOL.  LYU.- 
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Tablb  XVII. — Heat  of  Dissolution  of  Sulphuric  Add  Solutions. 

First  Differentiation  of  the  Ultra-smoothed  Curve  representing  the 

Results. 


D. 


dp 


rfD 

dp' 

P- 

260 

69 

255 

67 

234 

65 

220 

63 

209 

61 

199 

59 

175 

57 

168 

55 

158 

53 

151 

51 

144 

49 

129 

47 

128 

45 

123 

43 

113 

41 

104 

59 

98 

37 

92 

85 

79 

33 

74 

81 

69 

29 

69 

27 

129 

46 

120 

43 

112 

41 

104 

39 

96 

37 

90-5 

35 

82-5 

S3 

76 

31 

71 

29 

65 

27 

60 

25 

57 

23 

53 

21 

49 

19 

47 

17 

44 

15 

41 

18 

38 

11 

35 

9 

100 
99 
98 
97 
96 
95 
94 
•  93 
92 
91 
90 
89 
88 
87 
86 
85 
84 
83 
82 
8L 
80 
79 
78 
77 
76 
75 
74 
73 
72 
71 
70 
68 
66 
64 
62 

78 
77 
76 
75 
74 
73 
72 
71 
70 


24.'^55 

20885 

20240 

19590 

18957 

18335 

17715 

17108 

16520 

15933 

15363 

14793 

14250 

13705 

13190 

12703 

12240 

11790 

11365 

10960 

10565 

10195 

9850 

9513 

9200 

8907 

8615 

8313 

8035 

7765 

7505 

7000 

6525 

6085 

5675 

9877 
9540 
9225 
8910 
8607 
8328 
8037 
7765 
7505 


670 
645 
640 
643 
622 
620 
607 
588 
687 
670 
570 
643 
545 
515 
487 
463 
450 
425 
405 
395 
870 
345 
837 
313 
293 
292 
802 
278 
270 
260 
253 
238 
220 
205 


824 
815 
303 
287 
283 
272 
272 


99-6 
98-5 
97-5 
96*5 
95-5 
94-6 
93-5 
92-5 
5 
5 
5 


91 

90 

89 

88-5 

87-5 


85 
84 
83 


81 

80-5 

79-5 

78-5 

77-5 

76-5 

75-5 

74-5 

73-5 

72-5 

71-5 

70-5 

69 

67 

65 

63 


77 

76 

76 

74 

73 

72 

71-5 

70-5 


70 
68 
66 
64 
62 
60 
58 
56 
54 
52 
50 
48 
46 
44 
42 
40 
38 
36 
34 
32 
30 
28 
26 

46 
44 
42 
40 
88 
86 
34 
82 
80 
28 
26 
24 
22 
20 
18 
16 
14 
12 
10 
8 


7505 


6527 
6088 
5671 
6274 
4902 
4553 
4217 
8902 
8600 
2313 
8055 
2800 
2555 
2330 
2123 
1927 
1743 
1585 
1438 
1300 
1163 

3049 
2791 


2329 

2121 

1929 

1748 

1583 

1431 

1289 

1159 

1039 

926 

820 

722 

629 

541 

460 

384 

814 
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Table  XVIII. — HecU  of  Dissolution  of  Sulphuric  Acid  Solutions. 
Second  DifferefUicUion  from  the  Smoothed  First  Differential  Curve. 


rfD. 
dp 


dp 


dp* 


99-6 

99-2 

98 

94 

93 

92 

91 

90 

89 

88 

80 

79 

78 

77 

76 

76 

74 

73 

72 

70 

68 

66 

64 

62 

60 

59 

68 

57 

56 

55 


547 
695 
637 
602 
614 
606 
590 
567 
537 
542 
871 
356 
842 
329 
317 
305 
295 
287 
277 
258 
240 


213 

201-5 

191 

185-5 

180-5 

175-3 

170-8 

165-5 


-600 


48 

8-56 
12 

8-7 
15-5 
23  0 
30-5 


5-7 
21-4 
15-5 
14 
12-5 
12-5 
11-6 
10-5 

8 
10 

9-25 

9 

7 

6 

6 

5 

5 

5 

5 

5 

4 


•5 

75 

25 

5 

0 

2 

0 

•8 


99-4 
98*6 
98  to  94 
93-5 
92-5 
•5 
•5 
5 
5 


91 
90 
89 
88 
88  to  80 


79 

78 

77 

76 

75 

74 

73 

72-6 

71 

69 

66 

65 

63 

61 

59 

58 

57 

56 

55 


56 
54 
53 
52 
51 
50 
49 
39 
88 
37 
36 
35 
34 
38 
32 
31 
30 
29 
28 
27 
26 
25 
24 
28 
22 
21 
20 
19 
9 
6 


165-6 

161-6 

157-6 

154 

150 

146 

140 

109-5 

101-7 

97-2 

92-3 

88  0 

84-7 

81-0 

78-0 

75  3 

72-7 

70-7 

67-5 

65-7 

63-8 

61-8 

59*6 

57-6 

65- 

53- 

61- 

48- 

36- 

41- 


-6 

•0 
-0 
•4 
•0 
-0 


+  4-0 

64-6 

40 

63-6 

3-6 

52-5 

4  0 

51-5 

40 

60-5 

6  0 

49-5 

3-06 

49  to  39 

7-8 

38-5 

4-6 

37-5 

4-9 

86-5 

4-3 

35-6 

3-7 

34  6 

8-7 

83-6 

80   • 

32-6 

2-7 

31-6 

2-6 

80-6 

3  0 

29-6 

8-2 

28-6 

1-8 

27-6 

1-9 

26-6 

2-0 

25-6 

2-3 

24  6 

2-0 

23-6 

2-0 

22-6 

2-5 

21-6 

2-0 

20-6 

2-6 

19-5 

+  0-84 

19  to  9 

-1-67 

9to6 

N  2 
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PICKERING:  A  STUDY  OF 


Table  XIX. — Heat  evolved  on  mixing  Sulphuric  Acid  Solutions  with 
Water,  Differentiation  of  the  Smoothed  Gwrve  representing  the 
Bestdts. 


First  differentiation. 


Second  differentiation. 


•0 

•8 

•7 

•6 

•6 

•45 

•40 

•35 

•30 

•25 

•20 

•16 

•10 

•OB 


85 
78 
71 
64 
56 
49 
42 
35 
32 
28 
25 
21 
18 
15 
12 
10 
9 


20 
05 
85 
45 
20 
83 
50 
15 
00 
75 
67 
55 
57 
13 
55 
04 
63 
32 
09 
01 
53 
08 


From  D/p 

curve. 

36-72 

32-37 

28-93 

26-63 

22  04 

18-64 

15-30 

12  14 

10-38 
8-91 
7  63 
6  226 
4*838 
3-464 
2-160 
•930 
•560 


40-4 
39-4 
38- 1 
36-9 


35 
43- 
35 
36 
37 


37 

36 

36-8 

35-8 

36-3 

35-4 

35-6 

34-9 

34-4 

35-8 

35-1 

34-1 

33- 1 

32-3 

30-8 

29-6 

29-0 


8-5 
7-5 
6-5 
5-5 
4-6 
3-8 
3-5 
3-3 
3  1 
2-9 
2-7 
2-5 
2-3 


33 

6 

34 

•4 

34 

0 

34 

•9 

34 

0 

33 

•4 

31 

•6 

31 

2 

33 

'4 

25 

■6 

28 

•1 

27 

74 

27 

68 

25 

88 

S4 

60 

18 

50 

•1 

-9 

•7 

•5 

•3 

•15 

•05 

■95 

•85 

'75 

-65 

-55 

■475 

-425 


15 

06 

96 

86 

76 

66 

65 

475 

-425 

375 

325 

275 

225 

176 

126 

09 


1-2 

11 

1 
•9 
•8 
•7 
•6 
•6 
•4 
•35 
•3 
•25 
•20 
•16 

•10 

•08 


40 
39 
38 
37 
36 
34 
35 
36 
36 
36 
36 
36 
36 
36 
36 
36 
35 
35 
34 
36 
35 
34 
33 
32 
31 
30 


33 
83 
34 
84 
34 
33 
32 
31 
29 
27 
27 
27 
26 
24 
22 
20 
U' 


83 

92 

87 

63 

15 

50 

7 

1 

45 

7 

85 

95 

9 

7 

4 

05 

56 

10 

55 

43 
7 

8 
75 

55 
2 


10 
92 
27 
40 
13 
67 
62 
36 
72 
20 
83 
60 
67 
94 
60 
40 
20 


1 
1 

1 
1 

-2 
-1 
-1 


+ 

1 

1 

1 

2 

2 

2 

-15 

+   5 

7 

9 

10 

12 

13 

15 


•91 

8^ 

•05 

7- 

-24 

6- 

'48 

5 

•65 

4^ 

•0 

3- 

•75 

3- 

•25 

3 

•76 

2-1 

-50 

2-' 

•25 

2- 

2-; 

-50 

2- 

•75 

1-i 

•75 

li 

•75 

1  "i 

■50 

•7 

l-( 

■3 

.l 

-5 

.' 

•5 

•1 

-  8-2 

116 

-  36 

1-06 

-13 

•96 

+  2^7 

•86 

6-6 

•76 

9-6 

•66 

12-7 

•56 

16  3 

•466 

+  504 

•376 

-12  6 

•325 

¥  46 

•275 

18-6 

•226 

33-8 

•176 

47-6 

•12 

26  0 


•5 
•5 
•5 
'5 
•5 

•5 
•3 

1 
•9 
-7 
•5 
•3 
-1 
•9 
•7 
•6 

3 

•15 

•05 

•95 

-85 

•75 

-65 

•65 

•45 


•09 
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Fint  difFerentiation. 

Second  differentUtion. 

P- 

D. 

dp' 

P* 

P- 

dp- 

dn> 

dp^^ 

P- 

•08 
•06 
•04 
•02 
0 

•660 
•8042 
•1312 
•0312 
0 

12-79 
3-65 
6 
1-66 

•07 
•06 
•03 
•01 

•08 
•06 
•04 
•02 
0 

lb  to 

10-75 

6-8 

+  8-25 

-       16 

22*8 
198 
178 
170 

•07 
•06 
•08 
•01 

•16 
•14 
•12 
•10 
•08 
•06 
•05 
•02 


2  48 
1-84 
1-304 
•89 
•666 
•30 
•128 
•030 


82  0 

26  8 

28-7 

16^7 

12-8 

8  6 

4-9 

1-5 


Another 

•16 
•13 
•11 
•09 
•07 
•05 
•08 
•01 


reading. 

•016 

•14 

•12 

•10 

•08 

■06 

•04 

•02 

0 


h36  0 

29-26 

23 -85 

19^0 

14-66 

10-56 

6-8 

8-8 

•1 


287  6 

•16 

270  0 

•13 

242  5 

•11 

217  5 

•09 

207-6 

•07 

185 

•06 

175 

•03 

160 

-01 

Tablb  XX. — Decrease  of  Density  of  Sulphuric  Add  Solutions  by  Heat. 

Unreduced  Values, 


Prom 

Prom 

From 

Prom 

Prom 

Prom 

p- 

28 -06°  to 

7 -99°  to     1 

-99°  to 

P- 

28 -06°  to 

7  ^99°  to     1 

r99°to 

38-20°. 

28-06°.       i 

38 -20^.    ' 

38-20°. 

28-06°. 

38-20°. 

99  93 

-009948 

•020314 

030262 

69-98 

-008925 

-018392 

•027317 

9885 

-009664 

•020292 

029956 

68  06 

•008770 

•018084 

C26868 

97  60 

009810 

•020255 

030065 

66-06 

-008648 

•017851 

026497 

96-82 

•009793 

•020338 

030131 

64-09 

-008524 

•017536 

026059 

96  ^95 

•009893 

-020364 

080237 

61-95 

•008115 

•0L7311 

025426 

95  08 

•009952 

-020474 

030426 

60  01 

-008155 

•016959 

025114 

93-97 

•010051 

•020745      • 

030796 

67-90 

•008078 

•016587 

024666 

93-06 

•010160 

-020804 

030964 

56  05 

-007996 

•016416 

024412 

91-93 

•010284 

-021059 

031843 

64*04 

•007868 

•016154 

024022 

91-09 

•010384 

•021249 

031631 

62  07 

-007800 

•015969 

023759 

89-92 

•010489 

•021519 

032008 

60  11 

■007727 

-015743 

023470 

89-09 

-010557 

•021755 

082312 

48  07 

-007642 

•015553 

023195 

87-91 

-010690 

•021936 

032626 

45  76 

•007649 

•015366 

022915 

87-09 

-010709 

•022117 

032824 

43-53 

-007600 

•015421 

022741 

85-92 

-010737 

-022113 

032850 

41-81 

•007471 

•015113 

022584 

85-04 

•010676 

-022040 

032716 

39-68 

•007586 

•014999 

022385 

84^08 

•010639 

•021904 

032543 

37-76 

-007331 

•014880 

022211 

83-04 

•010433 

-021780 

032213 

36-74 

•007263 

•014734 

021997 

81-91 

•010379 

-021280 

031659 

88-87 

•007172 

•014553 

021726 

81-15 

•010134 

-020946 

031080 

81-83 

-007016 

•014346 

021361 

80  03 

•010065 

•020662 

030717 

29-80 

-007010 

•014037 

021047 

79-04 

•009894 

•020306 

030199 

27-77 

•006817 

•013739 

020656 

78  00 

•009747 

-019974 

029721 

26-18 

•006691 

•013394 

•020085 

75 -$6 

•009484 

•019486 

028970 

23-85 

•006481 

•012853 

•019334 

74-04 

•009315 

•019070 

028386 

21-94 

•006291 

•012347 

018638 

72  07 

•009104 

•018697 

•027801 

19  86 

•006074 

•011783 

017857 
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Tablb   XXI. — Decrease  of  Density,  a/nd  Expansion,  of  Stdphuric  Add 
Solutions  by  Heat. 

Eeduced  Values. 

AU  the  VdlueSy  except  those  for  p,  being  multiplied  ^10*. 


28-88». 

18-28*. 

8-18°. 

18— 3«». 

8-28^ 

8--38»,  Diff.  of 
Dena.  (K). 

p« 

Kxpn. 

our.  of 

Expn. 

Diir.of 

1 
Expn. 

Diff.  of 

Diff.  of 

Diff.  of 

Diff.  of 

dE. 

Delia. 

Dena. 

Dena. 

Dena. 

Dena. 

Dena. 

p. 

100 

5448 

9883 

6460 

9940 

5638 

10348 

19823 

20288 

30166 

99-8 

— 

— 

— 

i^ 

10827 

— 

— 

m— 

■^ 

"~ 

99-6 

_ 

_ 



i^ 

— 

10327 

i^ 

__ 

_ 

+82 

99^6 

99-4 

„_ 

«_ 

_ 

.. 

__ 

10313 

.. 

___ 

__ 

99-2 

__ 



__ 

— 

_ 

10291 

.^ 

_ 

.^ 

^ 

"~ 

99 

5487 

9881 

6431 

9924 

5694 

10279 

19805 

20203 

30084 

■^ 

"*■ 

98-8 

.. 

_ 

— 

i^ 

10267 

— 

i^ 

— 

■^ 

98*6 
98*4 

— 

^ 

— 

z 

— 

10266 
10266 

— 

- 

— 

+187 

98^5 

98-2 

__ 

.^ 

«_ 

— 

i— 

10260 

_ 

— 



^ 

"" 

96 

5810 

9658 

6460 

9985 

5693 

10284 

19643 

20269 

29927 

■^ 

"~ 

97-5 

— 

_ 

-.- 

— 

10247 

i^ 

— 

— 

+36 

97-5 

97 

5885 

9704 

6441 

9960 

6668 

10237 

19664 

20187 

29891 

90-6 

— 

i^ 

10227 

— . 

— 

— 

-132 

-163 

-214 

-342 

-319 

-374 

-319 

-366 

-312 

-174 

-13 

+  114 

186 

833 

497 

369 

617 

521 

462 

399 

837 

830 

266 

337 

246 

228 

236 

220 

231 

211 

226 

241 

241 

230 

218 

190 

218 

174 

211 

86 

199 

186 

189 

115 

131 

183 

169 

149 

96*5 
95-6 
94-6 
93*5 
92-5 
91-6 
90« 
89-6 
88-6 
87-5 
86-5 
8,S'5 
84-5 
83  5 
82-6 
81-5 
80*6 
79-6 
78*5 
77-5 
76-5 
76-6 
74-6 
73-5 
72-5 
71-5 
70-5 
69-5 
68-5 
67-6 
66*5 
66 -6 
64-6 
63-6 
62-6 
61-6 
60-5 
69-6 
68-6 
67 -5 
66-6 
55-2 
54-6 
58 -5 
52-5 
61-5 
60-5 
49-5 

96 

5865 

9762 

6463 

10026 

5698 

10246 

19778 

20271 

30023 

95 

5408 

9820 

6622 

10080 

6603 

10286 

19900 

20366 

30186 

94 

5467 

9911 

6642 

10102 

6667 

10387 

20013 

20489 

30400 

98 

5688 

10018 

6637 

10203 

6761 

10621 

20221 

20724 

30742 

92 

6697 

10102 

6694 

10836 

6820 

10623 

20438 

20969 

31061 

91 

5688 

10238 

6802 

10603 

6873 

10694 

20741 

21197 

31436 

90 

6762 

10341 

6907 

10661 

6922 

10762 

21002 

21413 

31764 

89 

6831 

10427 

6961 

10723 

6062 

10969 

21150 

21692 

32119 

88 

5909 

10626 

6061 

10863 

6090 

11043 

21388 

21906 

32431 

87 

5967 

10668 

6130 

10940 

6180 

11097 

21607 

22037 

23606 

86 

5996 

10688 

6185 

10989 

6177 

11041 

21677 

22030 

82618 

86 

6994 

10636 

6177 

10929 

6196 

11014 

21464 

21943 

32478 

84 

5966 

10434 

6164 

10823 

6236 

11036 

21267 

21868 

82292 

88 

6923 

10297 

6146 

10747 

6208 

109-^ 

21044 

21672 

31969 

82 

6890 

10182 

6068 

10660 

6139 

10740 

20732 

21290 

31472 

81 

6869 

10066 

6022 

10407 

6067 

10630 

20473 

20987 

31003 

80 

6848 

9932 

6916 

10194 

6997 

10360 

20126 

20664 

80486 

79 

6771 

9790 

5864 

9988 

5936 

10187 

19778 

20176 

29966 

78 

6727 

9647 

5800 

9834 

6880 

10022 

19481 

19866 

29603 

77 

6702 

9644 

67ft0 

9678 

5837 

9882 

19222 

19669 

29104 

76 

6680 

9368 

6732 

9582 

6H46 

9827 

18940 

19409 

28767 

75 

5686 

9220 

6711 

9481 

6b32 

9736 

18701 

19217 

28437 

74 

5606 

9187 

5693 

9385 

6792 

9600 

18672 

18986 

28172 

78 

6666 

9069 

6696 

9321 

6742 

9465 

18380 

18776 

27836 

72 

6669 

8984 

6674 

9221 

6742 

9384 

18206 

18605 

27589 

71 

6637 

8884 

6668 

9129 

6761 

9848 

18013 

18477 

27361 

70 

6628 

8807 

5666 

9069 

6748 

9269 

17866 

18318 

27126 

69 

5626 

8740 

6663 

8990 

6737 

9175 

17730 

18166 

26906 

68 

6620 

8666 

6633 

8893 

6741 

9116 

17669 

18008 

26674 

67 

6618 

8698 

6636 

8833 

6730 

9082 

17431 

17866 

26463 

66 

6607 

8623 

5639 

8774 

6713 

8940 

17297 

17714 

26237 

65 

6484 

8426 

6684 

8703 

6702 

8867 

17)29 

17660 

26986 

64 

6469 

8341 

6634 

8641 

6682 

8763 

16962 

17404 

26746 

6S 

6451 

8266 

6668 

8613 

6648 

8647 

16868 

17260  ' 

26616 

62 

6424 

8163 

5691 

8602 

5620 

8642 

16766 

17160  , 

25297 

61 

5430 

8105 

5716 

8676 

6684 

8426 

16681 

17002 

26107 

60 

6487 

8066 

5703 

8496 

6666 

8338 

16661 

16883 

24889 

59 

5462 

8034 

6700 

8429 

6648 

8262 

16463 

16681 

24716 

58 

5468 

7971 

6702 

8372 

5526 

8161 

16343 

16633 

24604 

57 

6446 

7930 

6719 

6337 

6669 

8151 

16267 

16488 

24418 

66 

6474 

7881 

6707 

8261 

6648 

8077 

16142 

16338  1 

24219 

56 

6467 

7814 

6707 

8202 

5646 

8017 

16016 

16219  ' 

24033 

54 

6477 

7774 

6688 

8117 

6641 

7953 

16891 

16070  1 

238U 

58 

6474 

7716 

6666 

8019 

5608 

7965 

16744 

16004 

23729 

52 

5492 

7686 

6660 

7960 

5611 

7944 

16686 

15894 

23680 

51 

5618 

7661 

5666 

7916 

6601 

7870 

16677 

16786 

23447 

M) 

5623 

7622 

6667 

7860 

5602 

7816 

16472 

16666  ' 

28288 

49 

5522 

7668 

6653 

7792 

6615 

7779 

16860 

16571  j 

23189 
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2d-38». 

l8-28». 

8- 

-18°. 

IS-SS'. 

8-280. 

Diff.  of 
Dent. 

8-^38^,  Diff.  of 
Dens.  (E). 

p. 

Kxpn. 

Diff.  of 
Dens. 

Expn. 

Diff.  of 

]><>1IS. 

Expn. 

Diff.  of 
Dena. 

Diff.  of 
Dena. 

Diff.  of 
Dent. 

dE. 

P- 

49 
48 
47 
46 
45 
44 

4a 

42 
41 
40 
S9 
S8 
37 
S6 
15 
S4 
3S 
t2 
SI 
SO 
29 
28 
27 
26 
25 
24 
23 
22 
21 

ran 

5522 
5536 
6540 
5558 
5566 
5596 
5611 
5640 
5662 
5663 
5670 
5696 
6704 
5709 
5727 
5729 
5728 
6725 
5721 
5730 
5716 
5670 
5633 
6610 
6565 
5537 
5490 
5445 
6385 
5324 

7968 
7535 
7438 
7461 
7417 
7410 
7380 
7363 
7347 
7298 
7258 
7243 
7204 
7159 
7138 
7093 
7044 
6993 
6943 
6917 
6844 
6745 
6657 
•585 
6490 
6414 
6319 
6224 
61 16 
6007 

5653 
565^ 
6670 
5687 
5682 
5678 
5722 
6731 
6740 
5753 
5784 
5785 
5803 
5788 
5797 
5^7 
5796 
5790 
5769 
5733 
6718 
5704 
5667 
5595 
5545 
5465 
5416 
5341 
5274 
6227 

7792 
7738 
7707 
7677 
7621 
7567 
7568 
7533 
7489 
7467 
7442 
7398 
7372 
7307 
7266 
7230 
7168 
7114 
7027 
6950 
6886 
6824 
6722 
6605 
6502 
6366 
6267 
6141 
6022 
6929 

5615 
5626 
5635 
6639 
6670 
5699 
5687 
5699 
6726 
5790 
5767 
6777 
5786 
5818 
6805 
5804 
6810 
6813 
5820 
5800 
5760 
5738 
5695 
6639 
5571 
5503 
5414 
5339 
5249 
5149 

7779 
7744 
7703 
7656 
76*6 
7632 
7f>66 
7526 
7512 
7495 
7456 
7434 
7392 
7384 
7319 
7264 
7228 
7196 
7144 
7072 
6976 
6903 
6806 
6694 
6569 
6445 
6299 
6169 
6026 
6871 

1 
16360 
15273 
16196 
16138 
15038 
14977 
,  14948 
1  14896 
1  14836 
1  14756 
14705 
14641 
14576 
14466 
14404 
14323 
14212 
14107 
13970 
13857 
13730 
13569 
13379 
13190 
12992 
12780 
12586 
12365 
12138 
11936 

15671 
16482 
15410 
15332 
16276 
15199 
16133 
15059 
15001 
14952 
14902 
14832 
14764 
14691 
14585 
14494 
14396 
14319 
14171 
14022 
13862 
18727 
13528 
18299 
13069 
12811 
12566 
12310 
12048 
11800 

23189 
28017 
22898 
22793 
22698 
22609 
22518 
22422 
22348 
22250 
22160 
22075 
21968 
21850 
21723 
21687 
21440 
21302 
21114 
20929 
20706 
20172 
20185 
19884 
19561 
19225 
18885 
18634 
18164 
17807 

122 

119 

105 

100 

84 

96 

91 

84 

98 

90 

85 

107 

118 

127 

136 

147 

138 

188 

185 

223 

234 

287 

801 

323 

336 

340 

351 

370 

857 

48-6 
47-5 
46-5 
45-6 
44-5 
43-6 
42-5 
41*6 
40-6 
39-5 
88-6 
37-6 
36*5 
36 -6 
34-6 
33 -5 
32-5 
31 -5 
30-6 
29-5 
28-5 
27-6 
26-6 
25.5 
24-5 
23*5 
22-6 
21-5 
20*6 

Table  XXI — contin'ued, — Decreeue  of  Densities  of  Sulphuric  Add 
Solutions  between  8  amd  18". 


p- 

Expn. 

Diff.  of 
Den*. 

p. 

Expn. 

Diff.  of 
Dens. 

P- 

Expo. 

Diff.  of 
Dens. 

19 

5025 

5692 

7 

2777 

8162 

1*8 

1778 

18 

4892 

6504 

6 

2526 

2885 

1-6 

.1. 

1704 

17 

4769 

5329 

6 

2281 

2607 

1-4 

__ 

1646 

16 

4632 

6162 

4  6 

2467 

1-2 

«_ 

1599 

15 

4482 

4937 

4*0 

2067 

2339 

1-0 

1529 

1538 

14 

4312 

4756 

8-6 

2231 

0-8 

1469 

13 

4180 

4649 

3-0 

1806 

2096 

0-6 

_- 

1403 

12 

8976 

4297 

2-8 

— 

2049 

0-4 

—, 

1350 

U 

3807 

4088 

2-6 

.. 

1998 

0*3 

_ 

1339 

10 

3432 

3878 

2-4 

—, 

19i8 

0-2 

.. 

1286 

9 

8240 

3636 

2-2 

_ 

1870 

0-1 

^ 

1232 

8 

SOU 

3418 

2-0 

"• 

1828 

0 

1194 

1195 
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PICKERING:  A  STUDY  OF 


Tabli  XXII. — Decrease  of  Densities  of  Sulphuric  Acid  Solutions  by 

Heat.     Differentiation  of  the  Smoothed  Curve  representing  the 

Results  between  &"  and  SB"". 


First  difierontiation. 


B10«. 


dE 


Second  differentiation. 


dp 


30170 
30110 
30050 
29990 
29950 
29915 
29890 
29945 
80015 
30085 
30185 
30285 
30400 
30535 
30725 
3a890 
31060 
31235 
31415 
31595 
31775 
31960 
32140 
82300 
32435 
82535 
32590 
32620 
3U620 
32585 
32530 
82435 
32315 
32145 
31975 
31470 
30980 
30470 
29970 
29480 
29110 
28760 
28435 
28130 
27840 
27«00 
27360 


120 

99 

75 

120 

99 

25 

120 

98 

75 

80 

98 

25 

70 

97 

75 

50 

97 

25 

-110 

96 

75 

-140 

96 

25 

-140 

95 

75 

-200 

95 

25 

-200 

94 

•75 

-230 

94 

25 

-270 

93 

75 

-380 

93 

25 

-330 

92 

75 

-340 

92 

•25 

-350 

91 

75 

-360 

91 

•25 

-360 

90 

75 

-360 

90 

25 

-370 

89 

•75 

-360 

89 

25 

-320 

88 

75 

-270 

88 

25 

-200 

87 

•75 

-110 

87 

•25 

-  60 

86 

75 

0 

86 

25 

+  70 

85 

75 

110 

85 

•25 

190 

84 

75 

240 

84 

•25 

330 

83 

•75 

350 

83 

•25 

505 

82 

•5 

490 

81 

•5 

510 

80 

'5 

500 

79 

5 

490 

78 

•5 

370 

77 

5 

350 

76 

5 

325 

75 

5 

296 

74 

5 

290 

73 

•5 

240 

72 

•6 

240 

71- 

6 

100 
99-5 
99 

98  5 
98 

97-5 
97 

96-5 
96 
95-5 
95 

94-5 
94 
93-5 
93 
92-5 
92 

91-5 
91 

90-5 
90 
89-5 
89 
88 
84 
83 
78 
77 
73 
72 

63-5 
62-5 
50 
40 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
87 
86 


127 

117 

105 

93 

76 

57 

-  95 

-117 

-142 

-168 

-192 

-222 

-250 

-277 

-215 

-345 

-355 

-357 

-359 

-360 

-362 

-360 

-357 

-227 

+  280 

503 

492 

365 

280 

235 

230 

195 

142 

130 

124 

115 

103 

95 

92 

90 

87 

87 

85 

80 

107 

110 

122 


20 

99^75 

24 

99-26 

24 

98  75 

34 

98-25 

38 

97  76 

304 

97-26 

44 

96  •76 

50 

96-25 

52 

95-76 

48 

95-26 

60 

94-75 

56 

94-26 

64 

93-75 

56 

93-26 

60 

92-75 

20 

92-25 

4 

91-76 

4 

91-25 

2 

90-75 

4 

90-25 

-     4 

89*75 

-     6 

89  25 

-  60 

88-5 

-127 

88  to  84 

+     2 

83 -5  to  78 -5 

21 

77 -5  to  73 -5 

5 

72  5  to 63 -5 

4 

62 -5  to  50 

12 

49-5 

6 

48-5 

9 

47-5 

12 

46-5 

8 

45-6 

3 

44-5 

2 

43*5 

3 

42-5 

0 

41-5 

2 

40-5 

+     5 

395 

-   27 

38^6 

-     3 

37-5 

-   12 

36-5 
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Second  differentiation. 

p- 

E10«. 

^10.. 
dp 

P- 

■ 

^^10-. 
dp 

^10«. 
dp 

P- 

71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
53 
52 

27360 
27315 
27890 
27665 
27446 
27210 
26975 
26745 
26505 
26290 
26095 
25915 
25720 
25560 
25380 
25215 
25040 
24875 
24720 
24570 

225 
245 
225 
220 
235 
235 
230 
240 
215 
195 
180 
195 
160 
180 
165 
175 
165 
155 
150 

70-5 
69-5 
68-5 
67-5 
66-5 
66 -5 
64*5 
63-5 
62-5 
61-5 
60-5 
59-5 
58-5 
57-5 
56-5 
55-5 
54-5 
53-5 
52-5 

36 
35 

1  34 
33 
32 
31 

i  80 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

122 
133 
140 

147 
160 
173 
180 
195 
275 
293 
315 
327 
340 
348 
352 
357 
362 

-  11 

-  7 

-  7 

-  13 

-  13 

-  13 

-  15 

-  80 

-  18 

-  18 

-  12 

-  13 

-  8 

-  4 

-  5 

-  5 

35-5 
84-5 
33-5 
32-5 

31-5 
30-5 
29-5 
28-5 
27-5 
26-5 
25-5 
24-5 
23-5 
22-5 
21-5 
20-6 

Fint  differentiation  continued. 


p- 

E10«. 

dE 

P- 

P- 

E10». 

dE 

P- 

52 
51 
50 
49 
46 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 

24570 
24415 
24280 
24140 
24000 
238«J0 
23785 
23685 
23590 
23495 
23415 
23325 
232iO 
23160 
23080 
22970 
22850 

165 

135 

140 

140 

110 

105 

100 

96 

95 

80 

90 

85 

80 

80 

110 

120 

51-5 

50-5  1 

49-5 

48-5 

47-5 

46-5 

45-5 

44-5 

43-5 

42-5 

41-5 

40-5 

39-5 

38-5 

37-5 

36-5 

36 
,  35 
34 
33 
32 
81 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

22850 
22725 
22590 
22445 
22285 
22105 
21925 
21735 
21470 
21190 
20880 
20565 
20245 
19890 
19535 
19170 
18805 

125 
135 
145 
160 
180 
180 
190 
265 
280 
310 
315 
320 
355 
355 
365 
365 

35-5 
34-5 
33-5 
32-5 
31-5 
30-5 
29-5 
28-5 
27-5 
26-5 
25-5 
24-5 
23-5 
22-6 
21-5 
20-5 
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Table  XXII — continued. 
Fint  differentiation,  between  8**  and  18°. 


E10«. 


rfE. 
dp 


10». 


E10«. 


rfE      , 
dp 


LOO 
99-5 

10350 
10305 

99-0 

10275 

98-5 

10250 

98-0 

10240 

97-5 

10240 

970 

10225 

96-5 

10225 

96  0 

10233 

95-5 

10257 

95-0 

10290 

94-5 

10330 

94-0 

10390 

29 

6980 

28 

6900 

27 

6800 

26 

6695 

25 

6575 

24 

6465 

23 

6315 

22 

6175 

21 

6030 

20 

6870 

90 

99-75 

60 

99-25 

50 

98-75 

20 

98-25 

0 

97-75 

30 

97-25 

0 

96-75 

16 

96-25 

48 

95  75 

6 

95-25 

80 

94-75 

120 

94-25 

80 

28-5 

100 

27-6 

105 

26-5 

120 

25-5 

120 

24-5 

140 

23-5 

140 

22-5 

145 

21-5 

160 

20-5 

20 

19 

I  18 
I  17 

'  15 
1  14 

13 

12 

i  11 
10 
9 
8 
7 
6 
5 
4 

3-5 
3  0 
2-5 
2  0 
1-5 
1-0 
0-6 


5870 
5700 
5515 
5330 
5145 
4940 
4740 
4530 
4315 
4095 
3875 
3640 
8390 
3145 
2875 
2610 
2330 
2220 
2100 
1970 
1830 
1685 
1535 
1875 


170 
185 
185 
185 
205 
200 
210 
215 
220 
220 
235 
250 
245 
270 
265 
280 
220 
140 
260 
280 
290 
200 
220 


19-5 

18-5 

17-5 

16 

15 

14 

13 

12 

11-5 

10-5 

9 

8 

7 

6 

5 

4 

3 


5 
5 

5 

5 

5 

5 

75 
3-25 
2-75 
2-25 
1-76 
1-25 
0-76 


Seooud  differentiation,  between  8°  and  18^. 


p- 

>■ 

d^E 
dp^ 

P- 

1 

P- 

'4-- 

d^  1^- 

P- 

99-76 

97-75 

97-25 

94-26 

28 

19 

m 

6 

27 

-100 

92 

180 

+  43 
-22 

+  42 

-  8 

99-76  to  97-76 

97-5 
97-26  to  94-25 

28  to  19 

19 

10-5 
9-5 
4-6 
4-0 
10 

180 
217 
240 
277 
210 
317 

-  4 

-  5 
-86 

19  to  10-6 
26  to  4-6 
4tol 
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^ABLE  XXrV. — List  of  the  most  convenient  Scales  used  in  the  Working 

Biagrwms. 


m 


Property. 

Scale. 

DeDsities,  Ist  diif.,*  100  to  94  per  cent.    •• 

•002 

and  0  5  per  cent,  to  the  inch. 

100  „  60 

}i 

•002 

»    2 

it 

11 

76  „    0 

»i          •• 

•0006 

»    4 

it 

II 

20  „    0 

»»          •  • 

•0006 

..    2 

it 

M 

10  „    0 

,»          •  • 

•001 

„    0-6  and,, 
0  2 

II 

Oontraotions,  lit  cUif . 

•  •         . « 

Same 

M  for  the  densities. 

ConductiyitieB,  Ist  and  2nd  diff. 

•  •         •  • 

•000001  and  2       per  cent,  to  the  inch. 

Heat  capacities  and  Ist  difE.,  12  to  0  per  cent. 

•01 

,» 

•05 

>i 

II 

»»                   fi              4  „ 

0      „ 

•002 

}) 

.•02 

»» 

II 

Heat  of  dissolution,  100  to  94  per  cent.    •• 

500 

») 

0  5 

ti 

II 

100  „  59 

»»              •• 

500 

>» 

1 

a 

l> 

70  „  29 

l>            •• 

200 

i> 

1 

II 

II 

40,.    6 

>»              •  • 

100 

1, 

1 

II 

II 

9,.    0 

»l            •• 

20 

}> 

1 

II 

l> 

6„    0 

»»          •• 

10 

» 

•2 

n 

II 

2„    0 

1>            •• 

5 

a 

•1 

II 

II 

0  16,,    0 

»»            •• 

•2 

w 

•02 

,1 

II 

„                  1st  diff.,  100  to  40  p.ct. 

100 

fi 

2 

}* 

tt 

Ist  diff.,  47  to  6  p.ct. 

50 

» 

2 

II 

II 

Expansion,  main  onrres 

•001 

it 

2 

II 

II 

„         onrres  for  very  weak  and  rery 

•001 

» 

•5 

II 

II 

strong  solutions 

*  All  the  differentials  here  mentioned  are  those  obtained  directly  from  the 
experimental  values  t  the  scales  used  for  those  obtained  from  readings  of  curyeis  hare 
been  sufficiently  indicated  in  the  text,  p.  68. 
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XI. — A  New  Method  of  Estimating  the  Oxygen  dissolved  in  Water, 

By  John  C.  Thresh,  D.Sc,  M.B.,  Medical  Officer  of  Healtli. 

Some  time  ago,  when  comparing  yarions  processes  for  estimating 
nitrites  in  water,  I  was  struck  by  the  large  amount  of  iodine  which  a 
very  minute  quantity  of  a  nitrite  caused  to  be  liberated  when  iodide 
of  potassium  and  dilute  sulphuric  acid  are  added  to  the  water  con- 
taining it.  When  the  acid  and  iodide  are  added  to  such  a  water,  the 
amount  of  iodine  liberated  varies  with  the  length  of  time  during 
which  the  mixture  is  exposed  to  the  air.  If  air  be  carefully  excluded, 
there  is  no  increase  in  the  amount  of  iodine  set  free  after  tbe  first 
few  minutes,  and  if  tbe  water  be  previously  boiled,  and  allowed  to 
cool  in  an  atmosphere  of  hydrogen  or  coal  gas,  still  less  iodine  is 
liberated. 

In  this  last  case  the  action  of  the  acids  freed  by  the  H2SO4  is 
represented  by  the  equation — 

2HI  +  2HN0,  =  I,  -f  2H,0  +  2N0. 

When  oxygen  has  access  to  the  solution,  the  nitric  oxide  acts  as  a 
carrier,  and  more  hydrogen  iodide  is  decomposed,  the  nitric  oxide 
apparently  remaining  unaffected,  and  capable  of  causing  the  decom- 
position of  an  unlimited  quantity  of  the  iodide. 

•This  reaction  is  the  one  utilised  in  tbe  process  I  have  devised  for 
estimating  the  oxygen  dissolved  in  water.  As  16  parts  by  weight  of 
oxygen  will  liberate  254  parts  of  iodine, 

2HI  +  0  =  H,0  +  la, 

and  tbe  latter  element  admits  of  being  accurately  estimated  theo- 
retically, the  oxygen  should  be  capable  of  very  precise  determination. 
Practically  I  find  such  is  the  case ;  the  oxygen  dissolved  in  drinking 
waters  admits  of  being  estimated  both  rapidly  and  with  precision. 
We  have  simply  to  add  to  a  known  volume  of  the  water  a  definite 
quantity  of  sodium  nitrite,  together  with  excess  of  potassium  iodide 
and  acid,  avoiding  access  of  air,  and  then  to  determine  volumetrically 
the  amount  of  iodine  liberated.  After  deducting  the  proporbion  due 
to  the  nitrite  used,  the  remainder  represents  the  oxygen  which  was 
dissolved  in  the  water  and  in  the  volumetric  solution  used. 

It  would  serve  no  useful  par  pose  to  describe  the  many  experi- 
ments I  have  made  to  devise  tbe  simplest  and  best  form  of  appa- 
ratus, the  most  suitable  strength  for  the  volumetric  solution,  and  the 
proper  proportions  of  acid,  of  sodium  nitrite,  and  potassium  iodide. 
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I  will  merely  mention  that  an  extended  series  of  experiments  have 
been  made  to  determine  all  these  points,  and  the  details  of  the  process 
which  I  have  to  describe  have  all  been  carefully  worked  ont. 
The  following  are  the  reagents  required : — 

(1.)  Solution  of  sodium  nitrite  and  potassium  iodide. 

Sodium  nitrite 0*5  gram. 

Potassium  iodide 200  grams* 

Distilled  water 100  o.c. 

(2.)  Dilute  sulphuric  acid. 

Pure  sulphuric  acid 1  part. 

Distilled  water    3  parts. 

(3.)  A  clear  or  fresh  solution  of  starch. 

(4.)  A  volumetric  solution  of  sodium  thiosulphate. 

Pure  crystals  of  thiosulphate,  7*75  grams. 

Distilled  water  to  1  litre. 

1  c.c.  corresponds  to  025  milligram  of  oxygen. 

The  apparatus  reqnired  is  very  simple,  and  can  readily  be  fitted  up. 
Tt  consists  of  a  wide-mouthed  white  glass  bottle  (A,  Fig.  1),  of  about 
500  c.c.  capacity,  closed  with  a  caoutchouc  stopper  having  four  per- 
forations. Through  one  passes  the  tube  B,  drawn  out  at  its  lower 
extremity  to  a  rather  fine  point,  and  connected  at  the  upper  end,  by 
means  of  a  few  inches  of  rubber  tubing,  with  the  burette,  G,  containing 
the  thiosulphate.  Through  another  opening  passes  the  nozzle  of  a 
separatory  tube,  D,  having  a  stopper  and  stopcock.  The  capacil^  of 
this  tube  when  full  to  the  stopper  must  be  accurately  determined. 
Through  the  third  opening  passes  a  tube  E,  which  can  be  attached 
to  the  ordinary  gas  supply.  Through  the  last  aperture  is  passed 
another  tube,  for  the  gas  exit,  and  to  this  is  attached  a  sufficient 
length  of  rubber  tubing  to  enable  the  cork  G  at  its  end  to  be 
placed  in  the  neck  of  the  tnbe  D  when  the  stopper  is  removed.  A 
small  piece  of  glass  tube  projects  through  the  cork,  to  allow  of  the 
escaping  gas  being  ignited. 

The  apparatus  is  used  in  the  following  manner: — The  bottle  A 
being  cleaned  and  dry,  the  perforated  bung  is  inserted,  the  burette 
charged,  and  the  tube  B  fixed  in  its  place.  E  is  connected  with 
the  gas  supply.  The  tube  D  is  filled  to  the  level  of  the  stopper 
with  the  water  to  be  examined,  1  c.c.  of  the  solution  of  sodium  nitrite 
and  potassium  iodide  added  from  a  1  c.c.  pipette,  then  1  c.c.  of  the 
dilute  acid,  and  the  stopper  instantly  fixed  in  its  place,  displacing  a 
little  of  the  water,  and  including  no  air.     If  the  pipette  be  held  in  a 
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vertical  position  with  its  tip  just  under  the  sarface  of  the  water,  both 
the  saline  solution  and  the  acid,  being  much  denser  than  the  water, 
flow  in  a  sharplj  defined  column  to  the  lower  part  of  the  tube,  so 
that  an  infinitesimallj  small  quantity  (if  any)  is  lost  in  the  water 


Fio.  1. — Apparatus  for  estimating  the  Oxjgen  dissolved  in  Water. 

which  overflows  when  the  stopper  is  inserted.  The  tube  is  next 
turned  upside  down  for  a  few  seconds  for  uniform  admixture  to  take 
place,  and  then  the  nozzle  is  pushed  through  the  bung  of  the  bottle, 
and  the  whole  allowed  to  remain  at  rest  for  15  minutes,  to  enable  the 
reaction  to  become  complete.  A  rapid  current  of  coal  gas  is  now 
passed  through  the  bottle  A,  until  all  the  air  is  displaced  and  the  gas 
burns  at  G  with  a  full  luminous  flame ;  the  flame  is  now  ex- 
tinguished, the  stopper  of  D  removed,  and  the  cork  G  rapidly 
inserted.  On  turning  the  stopcock,  the  water  flows  into  the  bottle  A. 
The  stopcock  is  turned  off,  the  cork  G  removed,  and  the  supply  of 
gas  regulated  so  that  a  small  flame  only  is  produced  when  this  gas  is 
ignited  at  G.  Thiosulphate  is  now  run  in  slowly  until  the  colour  of 
the  iodine  is  nearly  discharged.      A  little  solution  of  starch  is  then 
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poured  into  D,  and  about  1  c.c.  allowed  to  flow  into  the  bottle  by 
taming  tbe  stopcock.  The  titration  with  thiosnlphate  is  then  com- 
pleted. After  the  discharge  of  the  bine  colour,  the  latter  returns 
faintly  in  the  course  of  a  few  seconds,  due  to  the  oxygen  dissolved  in 
the  volumetric  solution ;  after  standing  about  two  minates,  from  0'05 
to  O'l  c.c.  of  thiosnlphate  must  be  added  to  effect  the  final  discharge. 
The  amount  of  volumetric  solution  used  must  now  be  noted.  This 
will  represent  a,  the  oxygen  dissolved  in  the  water  examined,  +  &, 
the  nitrite  in  the  1  c.c.  of  solution  used,  and  the  oxygen  in  the  acid 
and  starch  solution  +  c,  a  portion  of  the  dissolved  oxygen  in  the 
volumetric  solution.  To  find  the  value  of  a,  it  is  obvious  that  h  and 
c  must  be  ascertained.  This  can  be  effected  in  many  ways,  and  once 
known  does  nut  require  redetermination  unless  the  conditions  are 
changed. 

To  Find  the  Value  of  h, — Probably  the  beat  plan  is  to  complete  a 
determination  as  above  described,  and  then,  by  means  of  the  stoppered 
tube,  introduce  into  the  bottle  in  succession  5  c.c.  of  nitrite  solution, 
dilute  acid,  and  starch  solution.  After  standing  a  few  minutes, 
titrate.  One-fifth  of  the  thiosnlphate  used  will  be  the  value  re- 
quired. 

To  Find  the  Value  of  c. — This  correction  is  a  comparatively  small 
one  and  admits  of  determination  with  sufficient  accuracy  if  we  assume 
that  the  thiosnlphate  solution  normally  contains  as  much  dissolved 
oxygen  as  distilled  water  saturated  at  the  same  temperature.  Com- 
plete a  determination  as  above  described,  then  remove  the  stoppered 
tube,  and  insert  a  tube  similar  to  that  attached  to  the  burette,  and 
drop  in  from  it  10  or  20  c.c.  of  saturated  distilled  water  exactly  as 
the  thiosnlphate  is  dropped  in.  Allow  to  stand  a  few  minutes  and 
titrate.  One-tonth  or  one-twentieth  of  the  volametric  solution  used, 
according  to  the  number  of  c.c.  of  water  added,  will  represent  the 
correction  for  each  c.c.  of  volumetric  solution  used.    Call  this  value  d. 

Let  e  be  the  number  of  c.c.  of  thiosnlphate  used  in  an  actnal 
determination  of  the  amount  of  oxygen  in  a  sample  of  water. 

/  =  the  capacity  in  c.c.  of  the  tube  employed  —  2  c.c,  the  volume 

of  reagents  added. 
g  =  the  amount  of  oxygen  in  milligrams  dissolved  in  1  liti*e  of  the 

water; 

then  g^l^ie^h^ed). 

With  a  tube  made  to  hold  exactly  250  c.c,  the  most  convenient 

1000 
quantity  to  use  -^j-  becomes  unity,  and 

g  =s  e  ^  b  ^  ed. 
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In  my  experiments  I  have  used  two  nitrite  solniions;  in  the  first 
b  =  2-1  C.C.,  in  the  second  3'1  c.c.  I  made  a  number  of  determina- 
tions of  d  at  tempei*atares  varying  from  40^  to  60°  F.,  the  tempera- 
tare  extremes  in  my  laboratory  daring  the  past  two  months,  and  f onnd 
the  valne  of  d  to  vary  between  0*03  and  0*0315.  In  all  my  recent 
experiments  d  Las  been  taken  as  0*031. 

Before  passing  on  to  the  results  obtained  by  this  process,  one  or 
two  points  are  worthy  of  mention. 

In  reference  to  the  length  of  time  which  ought  to  elapse  between 
the  addition  of  the  nitrite  -solution  and  acid  and  the  titration,  it  is  to 
be  observed  that  I  have  fixed  this  interval  at  15  minutes.  Five 
minutes  is  probably  sufficient,  and  the  gpreater  the  value  of  e,  that  is, 
the  stronger  the  nitrite  solotion,  the  shorter  the  period  required  to 
complete  the  reaction. 

When  6  =  3  c.c.  the  reaction  aeems  to  be  complete  in  five 
minutes,  but,  to  be  on  the  safe  side,  1  prefer  to  fix  the  minimum  at 
15  minutes.  To  show  the  effect  of  time,  I  will  quote  a  series  of  ex- 
periments made  one  after  the  other  with  the  same  sample  of  water. 


Quantity  of 
water  taken. 

Time. 

Thiosulphate 
used. 

«  —  4  —  cd. 

Milligrams 
Oj  per  litre. 

Means. 

232-5 
822  0 
232-5 
322-0 
282  5 
822-0 
232-5 

5  mins. 

5  „ 
15  „ 
15  ., 
80  „ 
30    „ 

4  hours 

11-8 

15-1 

12  0 

15-2 

11-95 

15-20 

11-9 

8-33 
11-54 

8-53 
11-64 

8-48 
11-64 

8-48 

8-96 
8  96 
9-17 
9-04 
9-12 
9-04 
9-07 

8-96 

9  10 

9-06 
9  07 

The  use  of  coal-gas  is  recommended,  and  nothing  has  been  said 
about  passing  it  over  alkaline  pyrogallol  or  otherwise  treating  it 
before  allowing  it  to  pass  through  the  apparatus.  I  have  used  it 
after  passing  through  long  tubes  full  of  beads  moistened  with  pyro- 
gallol solution,  and  I  have  not  be  able  to  ascertain  that  there  was  the 
slightest  advantage  in  so  doing,  providing  the  process  is  performed 
as  I  have  described.  I  have  also  tried  to  ascertain  whether  there  is 
any  loss  of  iodine,  either  by  chemical  action  of  any  constituent  of  the 
gas  or  by  the  mechanical  action  of  the  current.  I  have  not  been  able 
to  discover  any  appreciable  effect. 

The  results  obtained,  however,  can  be  made  to  vary,  the  extreme 
limit  being  less  than  0*5  milligram  of  oxygen  per  litre  of  water, 
using  250  c.c.  for  the  estimation.  To  quote  an  extreme  case.  In  one 
experiment  (1),   after  the  air  had  been  wholly  expelled  from  the 

TOL.  LYIl.  0 
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bottle  A,  no  more  gas  wan  passed  tbrongh,  and  the  titration  was 
effected  in  the  closed  apparatus,  the  Yolnmetric  solution  being  run  in 
as  rapidly  as  possible.  The  end  reaction  was  not  well  defined.  In 
the  second  experiment  (2),  the  yolumetric  solution  was  run  in  yery 
slowly  drop  by  drop,  and  a  brisk  current  of  gas  was  kept  passing 
through  the  apparatus.     End  reaction  well  defined. 


Yolmne  of  water. 

Thiosulphate. 

Oxygen  per  litre. 

(1) 

322  c.C. 

15-35  C.C. 

9*14  milligrams 

(2) 

....     322    „ 

14-9      „ 

8-80 

The  difference  is  probably  due  to  nearly  all  the  oxygen  dissolved  in 
the  thiosulphate  being  used  up  in  the  first  case,  and  being  lost  by 
diffusion  in  the  second. 

In  the  examination  of  waters  from  various  sources,  and  making 
the  experiments  in  pairs,  using  tubes  of  different  sizes,  I  convinced 
myself  that  exceedingly  concordant  results  could  easily  be  obtained. 

A  few  of  these  may  be  quoted : — 


Source  of  water. 


Amount  of 
water  employed. 


Thiosulphate 
required. 


6  —  h  ^  ed. 


MilligmmaO 
per  litre. 


1.. 
2.. 
3.. 
4.. 
5.. 


Spring  water.  • . . 

Bain  water 

ShaUow      weil'j 

water \ 

Bain  water 

Distilled  water  f 
shaken  with  air  \ 


232 


232- 

822* 

232-5 

822  0 

282-6 

822-0 


9-6 
12-36 
10-15 
18  05 

8-96 
11-36 

9-9 
12  95 
12  06 
16-00 


7-11 
9-87 
7-74 

10-56 
6-57 
8-90 
7-49 

10-45 
9-58 

18-40 


7-64 
7-66 
8-32 
8  19 

7  07 
6-91 
8*05 

8  11 
10-30 
10-40 


As  Sir  Henry  Boscoe  and  Mr.  Lunt  have  recently  determined  with 
great  care  the  amount  of  oxygen  which  water  freshly  distilled  can 
dissolve  when  agitated  with  air  until  saturated,  I  conducted  a  series  of 
experiments  determining  the  oxygen  by  my  process  at  temperatures  of 
10°,  15^  20°,  25°,  and  30°  C.  respectively. 

The  following  are  the  results  obtained  : — 
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QuftDii^  of 
water  taken. 


Tbiora]i>liate 
naea. 


e  ^  b  ^  cd. 


MilligitUDB  of 
Oxjgen  per  litre. 


Difference 
from  mean. 


1., 

2.. 
3., 

4.. 
5., 
6.. 

7.. 


232-5 
232-5 
322-0 
232-5 
232-5 
822  0 
232-6 


13  0 

12-9 

16-95 

12-85 

12-92 

17-00 

12-85 


10-50 
10-40 
14-32 
10-36 
10-42 
14-37 
10-35 

Mean.. 


+  0-12 
+0  01 
-0  05 
-0  04 
+  0-03 
-0  01 
-0  04 


11-17 


Barometer  reading  80  *05  in. 
1117  milligramB  -  7*82  c;c.  at  N.P.T. 
Boscoe  and  Lent  fonnd  7*77  ,,  Diffarenca  +  0  '05  co. 


Temperature  16**  G. 

Quantitj  of 
water  taken. 

ThioBulpfaaAe 

e  -  6  -  cA 

Milligrams  of 
Oxygen  per  litn. 

Difference 
from  mean. 

1.. 

2.. 
3.. 
4.. 

822  0 
822-0 
232-5 
232  6 

16-46 
16-56 
11-90 
11-70 

12-87 
12-97 

9-43 

9-23 

Mean... 

9-99 
10  07 
10  14 

9-92 

-0  04 
+  0-04 
+  011 
-Oil 

10-03 

Barometer  reading  30  in. 
10-03  milligramB  -  7-02  c.c.  at  N.P.T. 
Bosooe  and  Lunt  found  6-96  ,,  Differenee  +0-06. 


Temperature,  20"*  C. 

Water 
emplojed. 

Thioaulphate 
usea. 

e  ^  h  —  cd. 

MilHgrams  of 
oxygen  per  litre. 

Difference 
from  mean. 

1.. 

2.. 
3.. 
4.. 
5.. 

6.. 

322  Occ. 
232-6   „ 
322  0   „ 
232-6   „ 
3220   „ 
322-0   „ 

14-9 

11-66 

15-0 

11-65 

16  1 

14-9 

11-34 

8  09 
11*44 

8  19 
11-63 
11-34 

Mean... 

8-80 
8-70 
8-88 
8-81 
8-95 
8-80 

8-82 

-0-02 
-012 
+  0  06 
-0  01 
+  0-13 
-0-02 

Mean  barometer  reading  30  -06. 
8  -82  milligrams  »  617  c.c.  at  N.P.T. 


Boscoe  and  Lunt  found  6*22 


Difference,  — 0  05. 
0  2 
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Tem§^erature^  25°  C. 
Series  1. 


Water 
taken. 

Thiosulphate 

tf  -  ft  -  «f  . 

Milligrams  of 
oxygen  per  litre. 

Difference 
from  mean. 

1.. 

:2.. 

232-5 
822  0 

Ba 

282  6 
322  0 
232  5 
232 '5 

11-2 
14-3 

jroxn.,  3015. 

10-76 
18-9 
10-8 
10  9 

7-77 
10-76 

Mea 

Series  2, 

7-32 

10-87 

7-86 

7-46 

Mean... 

8-35 

8-38 

-0-015 
+  0  016 

1.. 
2.. 
3.. 
4.. 

n...,     8-365 

7-88 
8-05 
7-91 
802 

+  1  +  1 
oooo 

7-965 

Barometer  reading,  80-1  in. 

The  cause  of  tbe  different  results  obtained  in  Series  OL  and  2,  at  tbis 
temperature  and  also  at  the  temperature  next  to  be  considered  will  be 
referred  to  shortly. 

Mean  of  tbe  2  series  8*165. 
8165  milligrams  =  5*72  c.c.  at  J^^.P.T. 
Roscoe  and  Luntfoand  5*60  c.c.  at  N.P.T.    Difference  +  012. 

Tempehiture  SO""  0. 
Series  1. 


Quantity  of 
water  used. 

Thiosnlpbate 

.tf  -  a  -  cd. 

Mflligrams  of 
oxygen  per  litre. 

Difference 
from  mean. 

a.. 

232-5 
822-0 

Ba 

282-6 
822-0 
232-6 

11  0 
18-9 

rom.,  30*16. 

10-6 

18*25 

10-4 

7-56 
10-37 

Mear 

Series  2. 

7  07 
9-75 
6-98 

Mean... 

8-12 
8-05 

+  0  085 
-0-085 

1.. 

2.. 
8.. 

....     8-086 

7-60 
7-67 
7-61 

+  0  02 
+  0  01 
-0-06 

7-66 

Sarometer,  30-1 
Mean  of  both  series, 782  =  5*47  o.o.  at  N.P.T. 

Bosooe  and  Lunt's  calc.  6-43  „  Difference,  +  0*04. 
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FiDding  ID  the  first  series  of  experiments  that  mj  results  at  25"" 
and  30^  C.  were  higher  than  those  obtained  b^  Boscoe  and  Lnnt, 
whilst  at  the  lower  temperatures  they  were  almost  identical,  it  struck 
me  that  the  dilEerence  was  probably  due  to  the  mode  of  saturation.. 
The  agitation  in  a  couple  of  Winchesters  was  done  as  directed  bj  them, 
but  the  water  used  had  been  previously  saturated  at  the  lower  tem^ 
peratures,  and  probably  was  slightly  super-saturated.  I  then  made 
a  further  series  of  experiments  (Series  2)  with  freshly. distilled 
water,  which  was  not  agitated  with  air  until  it  had  attained  the 
desired  temperature.  The  results-  prored  that  this  surmise  was 
correct.  Probably  some  such  explanation  accounts  for  the  uniformly 
higher  results  obtained  by  Dittmar. 

In  the  subjoined  table,  the  slight  corrections  necessary  for  variation 
in  observed  barometric  pressure  have  been  made,  and  the  figures  so 
obtained  compared  with  Roscoe  and  Lunt's  determinations^ :^ — 


Temperature. 

Fownd. 

Boflooe  and 
Lunt. 

Difference.- 

lO'C. 
15^0. 
2(fC. 

26- C.     { 
30°C.     I 

7-81 
7-02 

7-77 
6-96 
6*22 

5-48 

+0O4 
+  0  06 
-0  06 

+  0-09 
+0  02 

It  is  obvious  from  the  results  so  obtained  that,  at  any  rate  in  pure 
water,  the  oxygen  can  be  determined  readily  and  with  great  accuracy 
by  this  process ;  but  now  the  question  artseSj  is  the  process  applic- 
able for  all  ordinary  river,  spring,  and  well  waters  P  I  believe  that 
it  is.  No  doubt  there  will  be  exceptional  cases  in  which  the  process 
cannot  be  used,  and  others  in  which  some  modification  may  be  required. 
A  water  containing  nitrites  will  require  the  amount  of  the  nitrous 
acid  to  be  determined  if  the  utmost  accuracy  is  required.  (A 
water  containing  1  part  of  HNO^  in  1,000,000,  will  afieot  the  results 
4- 0*17  milligram  of  oxygen  per  litre,  94  parts  of  the  acid  corre- 
sponding to  16  of  oxygen.)  Where  nitrites  are  present  in  sufficient 
quantity  to  interfere,  the  amount  may  be  determined  by  any  of  the 
ordinary  processes,  but  I  prefer  the  following  method : — 

Take  250  c.c.  of  the  water  to  be  examined,  rendered  faintly 
alkaline  if  not  already  so,  add  a  few  drops  of  strong  solution  of 
potassium  iodide,  and  boil  vigoroasly  for  a  few  minutes.  Then 
transfer  to  the  -bottle  A  used   in   the  oxygen   determination,   and 
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allow  to  get  quite  cold  in  a  slow  cnrrent  of  coal  gas.  Then  add  a 
few  drops  of  dilnte  snlphnric  acid  and  solution  of  starch,  and  titrate 
with  the  hyposulphite.  The  correction  to  be  made  in  the  ozjgen 
determination  is  thus  ascertained.  One  or  two  experimental  results 
may  be  quoted. 


QuHntity 
of  water. 


ThioBulphate 
luea. 


Corrected. 


Milligrams  of 
oxygen  per  litre. 


Tap  water 

Tap  water  +  5  milli- 
grams oommeroial 
sodium  nitrite 

Tap  water  -I-  10  milli- 
grams sodium  nitrite 


232-6 
232*5 

282-5 


18-2 
16-95 

18-6 


9-7 
9-56 

9*48 


10*43 
10*27 

10  19 


In  number  2,  the  thiosulphate  used  by  2hO  c.c.  of  the  boiled  water 

was  2^8  c.c. 
•  In  number  3,  the  -thiosulphate  used  by  250  c.c  of  the  boiled  water 
was  5*45  c.c. 

'  The  results  are  fairly  satisfactory,  even  with  snch  large  proportions 
of  nitrite,  proportions  far  larger  than  are  likely  to  be  met  with  in 
!  practice.     With  reference  to  this  method  of  estimating  small  quanti- 
ties of  nitrites,  I  may  have  something  to  say  on  a  future  occasion. 

Nitrates  do  not  interfere,  even  when  present  in  large  quantities ; 
'but  fresh  urine,  when  present  to  the  extent  of  1  per  cent.,  has  a  small 
but  very  appreciable  effect,  as  the  following  experiments  show : — 


1. 


Water  used. 


232*6... 

232*6    +   0*25  gram  of 

ammonium  nitrate 
822  0   +   0-25  gram  of 

ammonium  nitrate 


322*0 

822*0  (containing   1   per 
cent,  of  fresh  urine) 


Thiosulphate 
required. 


U-9 
11-76 

15*4 

16  1 
14*4 


Corrected. 


8*48 
8*29 

11-82 

11*64 
10*86 


Milligrams  of 
oxygen  per  litre. 


9*07 
8*91 

9  17 

9  04 
8*48 


Should  this  process  work  as  satisfactorily  in  the  hands  of  others  as 
it  has  in  mine,  the  determination  of  the  dissolved  oxygen  in  water, 
instead  of  being  one  of  the  most  tedious  and  most  unsatisfactory,  will 
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beoome  one  of  the  simplest  and  most  accurate  of  processes  in  the 
domain  of  water  analysis.  The  apparatus  required  is  of  the  simplest 
description,  the  solutions,  <fec.,  required  are  already  to  be  found  in 
eyery  laboratory,  and  the  whole  determination  can  be  effected  in  con- 
siderably less  than  half  an  hour. 

Since  reading  the  paper,  I  have  determined  the  oxygen  dissolved 
in  distilled  water  saturated  at  V  and  5°  C.  respectively  with  the 
following  results : — 


Temperature^  1°  C. 

Qiumtitjof 
water  ujBed. 

Thiosulphate 
required. 

e^h^ed. 

MilligramB  of 
oxygen  per  litre. 

Difference 
from  mean. 

1.. 

2.. 
8.. 

232-5 
322  0 
232-5 

16*50 
21-90 
16*50 

12*99 
18-22 
12*99 

13-97 
14-16 
18-97 

-0  06 
+  0-12 
-0-06 

Mean  14*  03 

14-03  milligrams  «  9 '82  c.e.  at  N.P.T. 
Calculated  Erom  Boacoe  and  Liint's  table,  9  '30  c.c.    Difference  -f  0'  52  c.c. 


Temperature,  6°  C. 

Qoaotity  of 
water  taken. 

Thiosulphate 
used. 

«  -  &  -  0(2. 

Killigrams  of 
oxygen  per  litre. 

Difference 
from  mean. 

1.. 

2., 
8.. 
4.. 

232-5 
322-0 
232-5 
822  0 

15-3 
19-9 
15*1 
20  0 

11.83 
16-28 
11*64 
16-38 

12-72 
12-64 
12-62 
12-72 

+  0  07 
-0-01 
-0  13 
^0  07 

Mean  12-65 

12  -65  milligiams  «  8  -85  c.c.  at  N.P.T. 
Boscoe  and  Lunt  gire  8  '68         „         Difference  +  0  '17. 
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Xll.^The  ConstituenU  of  Flax, 

By  C.  F.  Ceoss  and  E.  J.  Bevan. 

In  the  exogenous  stem  of  the  flax  plant,  the  three  types  of  compoond 
celluloses  ave  represented.  In  commercial  flax,  there  is  associated 
with  the  fibre  proper,  which  is  a  pure  pectocellnlose,  a  certain  pro- 
portion of  wood  and  cuticular  tissue,  varying  according  to  the  nature 
of  the  "  retting,"  "  scutching,"  and  other  processes  through  which  it 
has  passed. 

The  present  communication  has  reference  to  certain  constituents  of 
flax,  which  were  isolated  from  it  by  solution  in  hot  alcohol,  being 
derived  from  and  associated  with  the  cuticular  tissues. 

In  previous  investigations  these  constituents  have  usually  been 
p:rouped  together  as  "  alcoholic  extract,"  "  fat  and  wax,"  Ac.  Even 
Kolb,  in  his  report  on  flax  to  the  Soc.  Ind.  of  Mulhouse  (1868),  has 
^ven  no  special  account  of  them.  The  most  complete  investigation 
is  that  of  F.  Hodges,  of  Belfast,  in  a  paper  published  in  the  Pro- 
ceedings of  the  Royal  Irish  Academy,  vol.  3,  460.  The  subject  has 
been  brought  under  our  notice  in  connection  with  certain  new  pro- 
cesses for  the  treatment  of  flax,  and  we  will  briefly  describe  such  of 
the  results  of  our  investigations  as  may  be  of  interest  to  the  Society. 

The  method  of  preparation  consisted  in  treating  a  large  quantity 
of  carefully  prepared  Irish  flax  yams  with  boiling  alcohol.  On 
cooling  the  filtered  solution,  a  large  proportion  separated  in  the  form 
of  a  pale-green  magma,  which  melted  in  warm  water  and  formed  a 
greenish,  resinous  mass;  this  we  shall  refer  to  as  A.  The  filtrate 
had  a  bright,  chlorophyll-green  colour,  and  on  distilling  o£E  the  alcohol, 
a  brownish-green,  pasty  mass  remained  (B). 

Several  varieties  of  flax  were  quantitatively  examined  in  this  way 
with  the  following  results  : — 

Irish.  CoortraL  Flemish. 

Percentage  A 1*5  21  20 

B 21  1-3  17 

The  two  products  from  the  Irish  flax  were  first  examined  for 
nitrogen  and  mineral  matter — 

Mineral  Phosphoric  aoid  (PjOi). 

Nitrogen.  matter.  on  100  parte  ash. 

A 009  17  70 

B 0-29  M  18  4 
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The  nitrogen  and  pbosphoric  acid  indicated  the  presence  of  chloro- 
phyll, or  products  of  its  decomposition. 

An  elementary  analysis  of  A  gave  the  following  numbers : — C  78*8, 
H  12*9;  from  these  and  from  its  general  behaviour  it  was  evident 
that  we  were  dealing  with  a  wax  complex.  It  combined  directly  with 
acetic  anhydride,  yielding  an  acetate  melting  at  64 — 65°,  from  which 
we  concluded  that  it  contained  free  wax  alcohol ;  the  saponification 
numbers  of  the  acetate  showed  that  this  was  ceryl  alcohol  (see 
below). 

Before  proceeding  further  with  our  results  we  will  give  a  short 
account  of  Hodges*^  investigations.  By  exhausting  flax  with  ether  he 
obtained  3'88  per  cent,  of  an  extract,  and  on  subsequently  treating 
with  alcohol  an  additional  0^45  per  cent. 

The  portion  of  the  whole  mass  insoluble  in  cold  alcohol,  corre- 
sponding to  our  A,  he  analysed,  and  found  it  to  contain  C  79*1 — 79*9, 
H  13'2 — 13*5.  Of  nitrogen  and  mineral  matter  he  makes  no 
mention. 

He  then  fused  it  with  potash,^  and  from  the  product  there  was 
finally  obtained  a  wax  alcohol  melting  at  82°,  and  therefore  assumed 
to  be  ceryl  alcohol,  and  a  small  quantity  of  a  wax  acid  melting  at  82° 
(cerotic),  which  was  converted  into  an  ethyl  ether  melting  at  60 — 61°. 
Accompanying  these  substances  there  was  a  large  proportion  of  ill- 
defined  products  of  decomposition. 

Our  investigation  of  the  portion  insoluble  in  cold  alcohol  (A)  was 
more  detailed,  and  we  find  it  to  be  a  more  complex  mixture  than 
wonld  appear  from  the  above. 

On  saponifying  with  normal  alcoholic  potash  and  converting  into 
barium  salts,  we  obtained  55  per  cent,  soluble  in  alcohol,  and  48  per 
cent,  insoluble  and  combined  with  barium.  Accompanying  the  wax 
alcohol  was  an  oily  mixture  of  substances  soluble  in  cold  alcohol,  the 
solution  having  an  orange-green  fluorescence.  They  are  soluble  in 
solution  of  sodium  acetate,  and  are  precipitated  therefrom  by  phenyl - 
hydrazine  salts  in  orange  flocks,  which  become  crystalline  on  standing. 
They  appear  to  be  ketones  or  ketols. 

The  wax  alcohol  was  fractionated  with  ether  alcohol,  and  the 
extreme  fractions  analysed  with  the  following  results : — 

No.  1.  0-2204  gram  gave  02830  H,0  and  0-6665  CO.. 
No.  2.  0-2200  „         0-2766        „        0-6665  CO,. 


C. 
H. 


No.l, 
811 

No.  2. 
813 

Calculated  for 
CoH,,OH. 

81-2 

Calculated  for 

CvH«OH. 

81-8 

U-2 

141 

141 

141 
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These  results  agree  more  closely  with  the  Co  than  the  Cjt  formala, 
and  in  a  preliminary  note  (Ghem,  News^  59,  135)  we  assigned  the 
former  formula  to  the  alcohol.  The  results  of  the  saponification  of 
the  acetate,  however,  indicate  the  higher  molecular  weight. 

Mol.  wt.  caL  for 
Mol.  wt.      C37HuC,H,Os. 

1000  gram  required  220  c.c.  ^-NaOnl    ^^  ^03 


1-793  „  391 


/ 


The  combastion  of  the  acetate  gave  the  following  results  : — 

0-2230  gram  gave  0-2672  H.O  and  0*6408  CO,. 

Calculated  for 

C 79-1  79-4 

H 133  13-2 

The  alcohol  melts  at  81*5— 820",  and  the  acetate  at  65-5°. 

These  results  lead  us  to  conclude,  as  Hodges  had  predicted,  that 
the  characteristic  wax  alcohol  of  flax  is  ceryl  alcohol.  Prolonged 
treatment  (18  hours)  with  stronger  solutions  of  alkalis  (an  alcoholic 
solution  containing  40  grams  sodium  hydrate  and  30  grams  potassium 
hydrate  in  1000  c.c.)  showed  no  further  resolution.  But  on  fusing 
the  portion  unresolved  by  alcoholic  potash  with  soda,  precipitating 
the  solution  with  barium  chloride,  and  exhausting  the  dried  precipi- 
tate with  boiling  alcohol,  we  obtained  a  further  small  quantity  of 
wax  alcohol  melting  at  86°,  and  two  fatty  acids  (a  and  &),  which  were 
separated  by  taking  advantage  of  the  difference  in  solubility  of  their 
sodium  salts  in  alcohol. 

a.  The  yield  of  this  amounted  to  6  per  cent,  of  the  original  product 
A.  It  melted  at  82°,  from  which  fact  and  from  the  molecular  weight, 
396,  calculated  from  the  amount  of  soda  necessary  to  neutralise  it 
(0*648  required  16*9  c.c.  N/10  solution),  we  concluded  it  to  be  oerotic 
acid. 

b.  The  yield  of  this  acid  was  about  the  same.  It  melted  at  53°, 
and  had  a  molecular  weight  of  298  (0*745  required  25  c.c.  N/10  soda). 

That  portion  of  the  extract  soluble  in  cold  alcohol,  which  we  have 
called  B,  proved  to  be  a  complicated  mixture  consisting  chiefly  of 
degradation-products  of  chlorophyll.*     For  the  sake  of  comparison, 

*  On  treatment  with  sodium  thiosulphate  (SchutEenberger)  in  presence  of 
alkali,  the  greenish-brown  colour  of  the  alkaline  solution  gare  plaoe  to  a  bright 
chlorophjll  green. 
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we  intend  to  investigate  the  alcoholic  extracts  of  fresh  grasses:*  in 
the  meantime  we  give  a  brief  account  of  its  general  properties. 

Boiling  water  dissolves  a  tarrj  substance  which  reduces  Fehling*s 
solution,  and  yields  furfuraldehyde  on  hydrolysis.  It  forms  insoluble 
compounds  with  the  halogens,  and  soluble,  yellow  acid  derivatives 
when  treated  with  nitric  acid.  This  portion  of  the  extract  is  doubt- 
less derived  from  the  lignified  tissue  of  the  flax.  The  portion  insoluble 
in  boiling  water,  on  saponification  with  alcoholic  potash  and  treat- 
ment with  barium  chloride,  yields  a  further  quantity  (about  10  per 
cent.)  of  ceryl  alcohol,  and  about  15  per  cent  of  a  peculiar  oil  soluble 
in  oold  alcohol,  the  solution  having  an  orange-green  fluorescence. 
This  **  oil "  proved  to  be  a  ketone :  it  does  not  reduce  Fehling*s  solu- 
tion, but  it  yields  a  bright-orange,  crystalline  precipitate  with  phenyl- 
hydrazine  salts,  and  is  resolved  into  a  mixture  of  hktij  acids  on 
oxidation.  It  has  the  characteristic  odour  of  raw  flax.  The  portion 
of  the  barium  precipitate  insoluble  in  alcohol  consists  of  a  mixture  of 
substances  of  a  very  indefinite  character  loosely  combined  with  the 
barium,  and  which  we  have  found  it  impossible  to  resolve  satisfac- 
torily into  proxirruUe  constituents. 

As  a  general  summary  of  the  results  of  investigations  of  this 
important  group  of  flax  .constituents,  we  may  note:  (1)  they  are 
compounds  for  the  most  part  of  very  high  molecular  weight ; 
(2)  "  neutral "  in  character ;  (3)  when  proximately  resolved,  yield 
alcohols  and  ketones,  but  no  acidSf  except  under  severe  treatment 
involving  oxidation. 

We  now  wish  to  record  a  few  observations  on  the  constituents  of 
the  flax  fibre  proper.  Associated  with  the  cellulose  there  is  about 
25  per  cent,  of  a  group  of  pec  tic  substances  easily  soluble  in  weak 
boiling  alkali  (1 — 2  per  cent.),  which  at  the  same  time  colours  them 
deep-yellow.  They  yield  mucic  acid  on  oxidation  with  nitric  acid  of 
sp.  gr.  1'15.  In  one  instance  we  obtained  from  18  grams  of  flax  as 
muc^  as  0*4  gram  of  mucic  acid,  equal  to  a  yield  of  9  per  cent,  on  the 
original  non-cellulose  constituents. 

In  the  light  of  the  results  previously  given,  we  have  repeated  the 
experiments  described  in  a  recent  paper  by  B.  Godeffroy  {Mitt,  d, 
K.K.  Techn.  Oer.  Mus,,  1888-9 ;  and  J.8.0.L,  18B9,  576).  From  these 
he  concluded  that  flax  cellalose  could  be  distinguished  from  cotton  by 
the  fact  that  it  reduces  neutral  silver  nitrate  solution  when  boiled 
with  it.  Our  experiments  with  pure  flax  celluloae^  as  yielded  by  the 
method  of  grass  bleaching  and  very  carefully  prepared  silver  nitrate » 
gave  entirely  negative  results,  no  reduction  whatever  being  observed. 

*  The  flax  having  been  snbjeoted  to  the  retting  prooesB,  it  will  be  more  satis- 
tmdary  to  obtain  resulta  with  unaltered  products  as  a  basis  for  the  further  inyesti- 
gaiion  of  the  flax  constituents. 
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We  can  only  explain  the  redaction  of  the  silver  salt  observed  bj 
assuming  that  GodefEroj  experimented  with  imperfectly  purified  flax 
cellulose,  retaining  a  portion  of  the  constituents  we  haye  been  describ- 
ing; their  entire  removal  without  injuring  the  cellulose  is  a  matter 
of  great  difficulty,  as  shown  in  their  resistance  to  drastic  reagents, 
both  alkalis  and  oxidants.  From  our  experience  of  the  methods  of 
bleaching  adopted  in  the  north  of  Ireland,  we  know,  however,  that 
their  complete  removal  is  a  matter  of  daily  practice,  and  our  investi- 
gations of  the  pi'oduct,  that  is,  pure  flax  cellulose,  comparatively  with 
cotton  cellulose,  have  failed  so  far  to  reveal  any  chemical  dilFerence 
between  them.  Oxidised  with  nitric  acid  under  similar  conditions, 
they  yield  oxycellulose  and  oxalic  acid  in  identical  proportions :  in 
this,  and  with  the  experimental  evidence  before  us,  we  can  only  con- 
clude that  linen  and  cotton  celluloses  are  substantially  identical. 

Cellulose  oxidised  with  alkaline  permanganate  yields,  besides  oxy- 
cellulose  and  oxalic  and  carbonic  acids,  intermediate  products  of 
aldehydic  character.  These  when  isolated  are  hygroscopic,  with  a 
strong  odour  of  caramel,  and  yield  fnrfuraldehyde  on  hydrolysip. 
From  22'6  grams  of  flax  cellulose  treated  with  50  grams  of  potassiun^ 
permanganate,  dissolved  with  25  grams  of  sodium  hydrate  in  400  c.c. 
of  water,  the  temperatui'e  of  the  reduction  being  40—50'',  we 
obtained — 

Grams.  Per  cent. 

Oxycellulose 10*5  46*4 

Intermediate  products . .        3'5  15*5 

Oxalic  acid 43  19*4 

Volatile  acid  ^ Equivalent  to  012  gram  NaiO. 

Further  researches  in  the  various  directions  opened  out  by  these 
investigations  are  in  progress. 

In  conclusion,  we  beg  to  acknowledge  our  obligations  to  Mr.  G.  0. 
Connor,  M.A.,  of  Belfast^,  and  Mr.  B.  N.  Davies,  of  the  Apothecaries' 
Hall,  for  much  kind  assistance  in  connection  with  this  work. 
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XIII. — Milk  of  Abnormal  Quality, 

By  Frederick  James  Llotd,  F.I.G. 

Perhaps  Forae  apology  is  needed  for  bringing  tliese  notes  before  tbe 
Chemical  Society,  which  is  mainly  concerned  with  the  recondite  in- 
vestigations of  those  who  are  extending  the  boandaries  of  chemical 
science.  My  apology  is,  that  the  following  facts  not  only  materially 
affect  views  at  present  universally  accepted  as  to  the  limits  in  the 
composition  of  genuine  milk,  but  are  also  interesting  physiologically. 

On  the  13th  of  November  last,  among  some  samples  of  milk  for- 
warded for  analysis,  were  two  marked  No.  40,  which  gave  the  results 
shown  in  the  accompanying  table.  On  the  19th,  farther  samples  were 
received  from  the  same  sonrce,  with  a  message  that  the  former  samples 
came  from  the  sender's  own  cows,  as  also  the  samples  then  forwarded. 
Two  of  these,  marked  No.  41,  gave  the  results  shown  in  the  table.  I 
then  visited  the  sheds,  saw  these  cows,  Nos.  40  and  41,  obtained  fall 
particalars  as  to  their  feeding,  and  requested  further  samples,  which 
reached  me  on  the  22nd  November.  The  analyses  of  these  confirmed 
the  previous  results.  Periodical  analyses  have  since  been  made  of  the 
milk  from  these  cows,  with  the  following  results  (see  table,  p.  202). 

The  fat  estimations  have,  in  several  cases,  been  made  in  more  than 
one  way,  whilst  all  have  been  calculated  by  Fleischmann's  formula 
^m  the  total  solids  and  specific  gravity.  The  results  have  varied 
not  more  than  0*15  per  cent.,  and  seldom  so  much  as  that.  Some  of 
the  milks  were  passed  through  a  separator  to  determine  if  the  fat,  as 
estimated,  could  be  removed  as  cream.  This  was  so.  The  separated 
milks,  upon  analysis,  confirmed  the  analyses  of  the  whole  milk  as  to 
the  percentage  of  solids  other  than  fat.  The  ash  has  been  estimated 
on  nine  occasions,  and  gave  0-70,  076,  078,  078,  078,  0'80,  080, 
0'84,  0'86.  The  utmost  precaution  was  taken  to  ensure  perfect  com- 
bustion of  the  carbon. 

Some  complete  analyses  of  the  milk  were  made  to  discover  whether 
the  loss  fell  on  any  special  constituent  or  on  all  alike. 

The  following  are  the  results  obtained : — 
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No.  40. 

No.  40. 

No.  40. 

No.  41. 

No.  41. 

No.  41. 

& 

25th  Nov. 

25th  NoY. 

5th  Dec. 

25thNov. 

25th  Nov. 

5th  Dec. 

§ 

Morn. 

Eren. 

Even. 

Mom. 

Even. 

Even. 

^ 

Fat 

3-89 

4-50 

5  12 

3-80 

4-61 

4-50 

4-32 

Ciwem 

2-54 

2-78 

2-64 

2-76 

2-69 

2-76 

2-69 

Albamin  . . . 

0  39 

0-29 

0-24 

0-45 

0-45 

0-26 

0-35 

Other  Ncon- 

T      — 

1     — 

0-44 

1 

— 

0-42 

0-43 

etitaenU* 

. 

L 

I 

. 

5t::::::: 

4-76 

4-55 

4-36 

r  511 

4-43 

4-30 

4-19 

0-70 

0-76 

0-80 

J 

0  84 

0-78 

0-78 

11-78 

12-88 

13-60 

12-18 

13-02 

1302 

12-76 

Solids  ofcher 

thftnfat.. 

8-39 

8-38 

8-48 

8-88 

8-41 

8-52 

8-44 

*  Nitrogen  determined  x  6  '25. 

The  composition  of  the  solids  other  than  fat  of  good  milk,  judging 
from  the  preliminary  resnlts  of  experiments  still  in  progress,  may  be 
taken  to  be  as  under.  By  deducting  one- twelfth  (the  amount  of 
solids  other  than  fat,  lacking  in  the  milks  under  consideration),  the 
remainder  would  have  the  composition  also  here  shown. 

Normal  composition  of  ll/12t.h 

solids  other  than  fat.  thereof. 

Casein   300  275 

Albumin    0-38  035 

Other  nitrogenous  bodies  0-36  0  33 

Sugar 4-56  4-16 

Ash 0-70  0-64 


9-00 


8-23 


Upon  comparing  these  last  figures  with  those  of  the  complete  milk 
analyses,  it  will  be  seen  that  they  agree  closely ;  hence  the  falling  off 
has  been  equally  distributed  over  both  the  casein,  sugar,  and  other 
constituents,  except  the  ash. 

Some  of  the  worst  of  these  milks  were  drawn  in  my  presence,  by 
one  milker,  and  the  samples  taken  by  me  then.  When  not  present 
myself,  the  owner  of  the  cows  supervised  the  milking  and  sample- 
taking,  being  deeply  interested  in  the  results  of  the  inquiry.  Hence 
the  purity  of  the  samples  cannot  be  doubted. 

What  then  is  the  cause  of  the  abnormal  results  P  Three  causes 
appear  probable.  1st,  that  the  cows  were  suffering  from  a  disease 
which,  though  at  first  un noticeable,  would,  in  time,  become  manifest. 
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But  tbe  cows  have,  as  yet,  shown  no  sign  of  disease.  2nd.  That 
the  food  they  received  was  either  insufficient  or  ill-apportioned  in  it« 
constituents.  This,  however,  was  not  the  case  ;  the  food  was  ample, 
and  had  been  most  carefully  apportioned.  As  all  the  cows  in  the 
shed  were  receiving  the  same  food,  on  each  occasion  of  taking  samples 
other  cows  were  milked,  and  their  milk  analysed.  But  in  no  single 
instance  has  any  other  cow  in  the  shed  given  milk  which  differed  in 
any  way  from  rich  normal  milk.  To  make  more  certain,  the  milk  ot 
the  whole  shed  was  mixed,  and  a  sample  of  the  mixed  milk  analysed. 
The  solids  other  than  fat  have  only  once  (6th  January)  fallen 
below  9  per  cent.  Hence,  the  food  was  not  at  fault,  even  assumiuGf, 
which  is  doubtful,  that  the  food  could  affect  the  milk  to  such  an  extent. 
The  third  and  last  explanation,  and  the  conclusion  to  which  we  are 
forced,  is  that  owing  to  some  inherent  quality  of  these  animals,  the 
normal  composition  of  their  milk  is  such  as  has  never  before  been 
recorded.  They  are  cross-bred  shorthorns,  and  No.  41  appears  to 
have  Dutch  blood  in  her.  But  No.  40  has  no  appearance  of  foreign 
blood,  and  is  to  all  intents  and  purposes  a  shorthori>.  The  animals 
^re  the  property  of  Mr.  A.  Tisdall,  of  Holland  Park  Dairy,  Kensing- 
ton, who  has  retained  them  mainly  for  the  purpose  of  this  investiga- 
tion. 

The  quantity  of  milk  they  yield  has  not  been  large,  and  is  decreasing 
rapidly. 


XIV,— Ethyl  aai'Diacetyladipate, 

By  W.  H.  Pbrkin,  Jun.,  Ph.D. 

Ethtl  nodioacetoacetate  and  ethylene  bromide,  when  heated  together, 
react  readily  with  elimination  of  sodium  bromide  and  formation  of  an 
almost  colourless  oil,  which  consists  for  the  most  part  of  two  sub- 
stances, mixed  always  with  varying  quantities  of  unchanged  ethylene 
bromide  and  ethyl  acetoacetate. 

The  first  of  these  (which  has  already  been  described  in  detail  in 
this  Journal,  1885,  47,  801;  1887,  51,  820)  is  ethyl  acetyltri- 
methylenecarboxylate,  produced  according  to  the  equation — 

^COOcfn  >CHNa  +  BrCH,CH,Br  = 

C00c!h,>^<CH    "*■  CH»-CO-CH,-COOC,H.  +  2NaBr. 
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The  second  substance,  which  has  been  called  ethyl  Mn-diacetyl- 
adipate,  is  the  prodoct  of  the  direct  action  of  1  mol.  of  ethylene  bromide 
on  2  mols.  of  ethyl  sodioacetoacetate,  thus : — 

^COOcIS^^^^*  +  BrCH,CH,Br  = 

CoS(S>CH-CH..CH..CH<g^^^^      +  2NaBr. 

Some  time  since,  I  carried  out,  in  conjunction  with  M.  Obrembsky 
(Berichtey  19,  2045),  a  short  investigation  of  this  substance,  in  the 
coarse  of  which  we  obtained  several  interesting  derivatives;  these 
however,  we  were  then  able  to  examine  only  superficially. 

Dnring  the  progress  of  some  researches  on  the  internal  condensa- 
tion .  of  diketones,  on  which  I  am  at  present  engaged,  it  became 
necessary  to  repeat  all  the  experiments  originally  carried  out  with 
ethyl  diacetyladipate,  and  also  to  institute  a  number  of  new  ones ;  and 
I  beg  now  to  lay  the  results  obtained  before  the  Society. 

Ethyl  diacetyladipate  cannot  be  separated  by  fractional  distillation 
from  the  ethyl  acetyl trimethylenecarbozy late  and  other  impurities 
which  accompany  it,  as  by  this  treatment  it  undergoes  a  more  or  less 
complete  decomposition  even  when  distilled  under  greatly  reduced 
pressure  (50  mm.) ;  an  almost  perfect  separation  may,  however,  be 
accomplished  by  distilling  the  crade  product  obtained  in  the  action 
of  ethylene  bromide  on  ethyl  sodioacetoacetate  in  a  current  of  steam. 
By  this  treatment,  all  the  ethyl  acetyltrimethylenettarbozylate  as  well 
as  unchanged  ethylene  bromide  and  ethyl  acetoacetate  pass  over  along 
with  the  water,  leaving  in  the  retort  a  thick,  oily  residue,  which  con- 
sists of  slightly  impure  ethyl  diacetyladipate. 

From  this,  pure  ethyl  diacetyladipate  may  be  obtained  by  two 
methods : — 

I.  The  crude  substance,  dissolved  in  ether,  is  treated  with  sodium 
ethylate,  and  the  precipitated  disodium-componnd  collected,  washed 
free  from  impurities,  and  decomposed  by  an  acid — 

CO?CA>CNa-CH.-CH..NaC<ggJJjj^  +  H.SO.  = 
DiBodium  eoxnpound. 

Ethyl  diacefcyladipate. 

U.  The  crude  product  is  treated  with  concentrated  alcoholic 
ammonia,  the  crystalline  diamido-compound  which  separates  col- 
lected, purified  by  recrystallisation,  and  decomposed  by  dilute  hydro- 
chloric acid — 

TOL.  LVU.  P 
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CH,.C-NH.     NH,-C-CH,  +oHri  +  2HO  = 

COOCH.-C-CH,  -  CHj-CCOOCH,  ^       ^  i-      ^ 
Ethyl  diamidodiethyladipste. 

Pure  ethyl  diacetjladipate  is  a  thick,  colonrless  oil,  possessing 
properties  very  similar  to  those  noticed  in  the  case  of  mono-sab- 
stitnted  derivatives  of  ethyl  acetoacetate. 

When  heated  with  2  mols.  of  phenylhydrazine  on  a  water-bath,  it 
yields  as  primary  product,  ethyl  diphenylhydrazinediacctyladipate, 

a  yellowish -white,  crystalline  substance  which  melts  at  145**,  and,  when 
heated,  readily  loses  2  mols.  of  alcohol  being  converted  into  bis* 
phenylmethylmethylenepyrazolone, 

C.H5N  N-CH, 

N    (j30  CO  N 

CH,-C— CH-CH,-CH,-CH-C-CH,. 

This  pyrazolone-derivative  crystallises  from  acetic  acid  in  white 
needles,  which  are  almost  insoluble  in  most  organic  solvents,  and  do 
not  melt  at  250*".  In  its  other  properties  this  interesting  substance 
shows  considerable  similarity  to  other  pyrazolones  substitated  in  the 
methylene-group. 

The  carefal  study  of  the  products  of  the  distillation  of  ethyl 
diacetyladipate  has  led  to  very  interesting  resolts. 

This  substance,  when  fractioned  under  diminished  pressure 
(225  mm.),  distils,  with  apparently  very  slight  decomposition,  as  a 
yellow  oil,  only  a  small  quantify  of  a  thick,  dark-coloured  residue 
remaining  in  the  retort.  The  oily  distillate,  on  repeated  distillation, 
yields  a  large  fraction  boiling  constantly  at  230 — 231°  (225  mm.), 
which,  on  analysis,  gives  numbers  agreeing  with  the  formula  CuHaoOs. 

Careful  investigation  has  shown  that  this  apparently  pure  product 
is  a  mixture  very  probably  of  three  substances,  namely  : — 

I.  Ethyl  diacetyladipate  = 

C00CaH5>^^^^>  ^^'  ^^<COOC,H.- 
II.  Ethyl  methyldihydropentene- 1  ^  CHa-C C'CO-CH, 

methylketonecarboxylate*  J       COOCHb-CH-CHj'CH,. 
III.  Ethyl  methyldihydropentene.  1  ^  CHa-C C'COOCaH^ 

dicarboxylate* /      COOCHj-CH-CH^-CH,. 

*  See  "  Nomenclature  of  uniaturated  closed  carbon  chains,  p.  212." 
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In  order  to  separate  these  substances,  the  crude  oil  is  dissolved  in 
ether,  and-  well  shaken  with  a  dilute  solation  of  potassium  hydrate, 
by  which  means  a  considerable  quantity  of  a  dark-coloured  snbstance 
is  removed.  The  oil  is  then  redistilled,  treated  again  with  potassium 
hydrate,  and  the  operation  repeated  several  times  until  the  potash 
has  no  further  action  on  the  oil. 

The  alkaline  extract,  on  being  acidified,  deposits  a  quantity  of  a 
dark-brown  oil,  which  it  was  found  impossible  to  purify. 

On  distilling  this  crude  substance  under  reduced  pressure  (100  mm.), 
carbonic  anhydride  is  first  given  off  and  then  a  yellow  oil  distils, 
leaving  a  fairly  large  amount  of  a  dark  residue  in  the  retort. 

The  distillate,  on  repeated  refractionation,  distils  for  the  most  part 
between  195"*  and  200^  (100  mm.),  and  on  analysis  gave  numbers 
agreeing  with  the  formula  GnHieOi.  This  new  substance,  on 
hydrolysis  with  alcoholic  potash,  deposits  a  quantity  of  potassium 
carbonate,  and  yields  two  principal  products,  namely,  methyldehydro- 
pentene  methyl  ketone  and  w-acetyl valerianic  acid. 

These  facts  can  be  explained  on  the  supposition  that  on  distilling 
ethyl  diacetyladipate,  a  certain  amount  passes  over  unchanged ;  on 
subsequent  treatment  with  potassium  hydrate,  this  is  partially  hydro- 
lysed  and  passes  into  solution  as  potassium  ethyl  diacetyladipate. 
The  free  ethyl  hydrogen  salt,  liberated  by  the  addition  of  an  acid, 
is  decomposed  on  distillation  into  carbonic  acid  and  ethyl  a<i7-diacetyl- 
valerate,  thus : — 

Ethyl  hydrogen  diaoetyladipate. 

(,QQj;^g^>CH-CH,.CH,-CH,-CO-CH,  +  CO.. 

Ethyl  ow-diacetylTalerate. 

Ethyl  drw-diacetylvulerate,  on  hydrolysis,  yields  w-acefyltralerianic 
acid  and  methyldihydropentene  methyl  ketone,  thus : — 

I.  (,g^^^>CH-CH,-CH,CH,-CO-CH,  +  2K0H  = 

CH,-CO-CH,-CH,-CH,-CH,-COOK  +  CH,COOK  +  C.H,-OH. 
Fotufinm  awaoetylTalerate. 

11.  (jgJ^^>CH-CH,-CH/CH,-CO-CH,  +  2K0H  = 

CH,-C=Z=C-CO-Ch,      ^„^      ^„  ^„      „^ 
Xh,-OH.-(^H,  ■*'  ^•°^'  "^  C»^»'OH  +  H,0. 

Methyldihydiopentene  methyl  ketone. 

It  is  very  probable  that  this  repeated  fractionation  and  treatment 

p  2 
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of  the  crude  product  of  the  distillation  of  ethyl  diocetyladipate  with 
potash  removes  other  substances  besides  unchanged  ethyl  diacetyl- 
adipate ;  but  no  attempts  have  been  made  to  isolate  them. 

The  oily  substance,  which  had  been  left  unattacked  by  the  potash, 
and  which  forms  by  far  the  greater  portion  of  the  whole,  distilled 
almost  constantly  at  191 — 192°  (35  mm.),  and  gave  on  analysis 
numbers  agreeing  approximately  with  the  formula  CnHicOs. 

This  oil  consists  of  two  substances  represented  above  by  formnlad 
II  and  III,  the  latter  being  present  in  very  small  quantity. 

On  hydrolysis,  this  oil  yields  methyldihydropentene  methyl  ketone 
and  small  quantities  of  methyldibydropentenedicarboxylic  acid.  The 
former  is  produced  from  ethyl  methyldihydropentene methylketone- 
carboxylate,  thus : — 

nnn.''2'"Sr^X2°'''^     +  2K0H  = 
COOCHfi-CH-CHj-OH, 

The  latter  results  from  the  hydrolysis  of  ethyl  methyldihydro- 
pentenedicarboxylate : — 

CH,.C=9.C00CH. 
COOC:^,-CH-CH,-CH,  ^  ~ 


CH,-C C-COOK      „„„  ^„ 

COOK.6h.CH.-6h.         +  2C.H..0H. 


Methyldihydropentene  methyl  ketone  is  a  colourless,  mobile  oil, 
possessing  in  a  most  pronounced  manner  the  odour  of  peppermint. 
It  boils  constantly  at  191''  (760  mm.)  and  enters  into  a  number  of 
extremely  interesting  reactions,  which  will  be  fully  described  later  on. 

Methyldihydropentenedicarboxylic  acid  crystallises  from  water  in 
large,  silky  needles  which  melt  at  188'.  It  combines  with  bromine 
and  gives  Baeyer's  permanganate  test,  and  behaves  in  all  respects 
like  an  unsaturated  chain  acid.  When  heated  with  hydrobromic  acid, 
it  is  decomposed  with  evolution  of  carbon  dioxide  and  formation  of  a 
neutral  brominated  oil,  which  appears  to  be  methylbromopenta- 
methylene — 

CH..C=ZI=C.C00H   .   „o   _ 
C00H.CH-CH,'CH,         +  ^^  - 

CH..9Hz=z9HBr 

CH.CH.-CH,     +^^°- 

It  is  nnfortnnate  that  flie  unonnt  of  this  acid  obtained  by  the 
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above  reaction  is  so  small  (1  per  cent.) ;  as,  owing  to  its  pecaliar 
stmctare,  many  interesting  results  might  be  expected  from  tlie  farther 
stndj  of  its  properties. 

The  hydrolysis  of  ethyl  diacetyladipate  by  means  of  alcoholic  potash 
has  been  carefully  studied  by  Dr.  Marshall  and  myself,  and  a  numbei* 
of  interef^ing  substances  have  been  obtained. 

If  ethyl  diacetyladipate  is  boiled  only  for  a  short  time  with  alcoholic 
potash,*  o^fltfi-diacetylbutane  is  the  principal  prodnct  formed,  thns  : — 

CH,-C0-[CH,]4'C0-CH,  +  2K:,C0,  +  CH.-OH. 
DiAcetjlbutane. 

This  new  diketone,  which  is  the  next  lowest  in  the  series  to 
diacetylpentane,  described  a  short  time  since  by  Dr.  Kipping  and 
myself,  is  a  colourless  crystalline  mass,  melting  at  43 — 44^.  It  is 
characterised  by  the  ease  with  which  it  loses  1  mol.  HtO  with  forma- 
tion of  methyldihydropentene  methyl  ketone,  thus : — 


CH,CO-CH,-CH,-CH,-CH,-00-CHt  = 

CH,-C  C'CO'CH, 


yC C'CO 


+  HaO. 


this  change  taking  place  on  simply  boiling  it  with  alcoholic  potash. 

If,  therefore,  ethyl  diacetyladipate  is  boiled  for  some  time  with  an 
excess  of  a  strong  solution  of  potash  in  alcohol,  the  whole  of  the 
diketone  is  decomposed,  methyldihydropentene  methyl  ketone  being 
the  sole  product ;  this  reaction  serving  as  the  best  method  for  prepar- 
ing this  Hubstance.  That  it  is  identical  with  the  methyldihydropentene 
methyl  ketone  obtained  by  the  hydrolysis  of  the  oil  CiiH|«Oa,  as 
described  above,  is  shown  by  the  fact  that  both  products  boil  at  191° 
and  both  yield  an  oxime  melting  at  86**. 

As  by  this  method  considerable  quantities  of  the  ketone  could  be 

obtained  with  comparative  facility,  numerous  experiments  were  tried 

with  it,  with  the  object  of  obtaining  data  in  proof  of  the  formula 

CH,0 C'CO'CH,        .       ^,    .,   ^        ^     X.,.. 

I„  I^  ,  assigned  to  it  throughout  this  paper. 

When  subjected  to  the  action  of  excess  of  sodium  in  moist  ethereal 

*  Prof.  V.  Baeyer  baa  called  my  attention  to  the  nomenolatnre  nsed  m  theee 
reseaTchee,  and  Bn^gesta  that  it  is  better  to  designate  diketones  of  the  formula 
CHs-00*[CHj««CO*CHs  as  a>a>i'deriTatiyes  instead  of  aw-deriTatives.  ow-Diaoetyl- 
pentane  and  the  other  similarly  oonstitated  diketones  lately  described  by  Dr. 
Kipping  and  myself  should  therefore  be  called  wcui-diacetylpentane,  &o. 
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Bolntion,  this  ketone,  CbHisO,  takes  ap  4  atoms  of  hydrogen  and  is 
converted  into  a  well  characterised  alcohol, 

CH,-(j)H CH-CH(OH)-CH, 

Cfl2'CHa'CH2 
which  has  receiyed  the  name  methjlpentamethylene  methyl  carbinol. 
This  alcohol  is  a  colourless  oil,  boiling  constantly  at  180°.  Its 
acetate,  CeH^OCCaHjO),  boils  at  145—150°  (130  mm.).  Methyl 
pentamethylene  methyl  carbinol  is  not  acted  on  by  boiling  with 
alcohol  and  excess  of  sodinm,  and  it  is,  therefore,  evidently  a 
saturated  compound.  Fuming  hydriodic  acid  converts  it  into  its 
iodide,  CgHuI,  and  this,  when  heated  with  fuming  hydriodic  acid  and 
amorphous  phosphorus  at  250°  for  several  hours,  is  reduced  to  methyl* 
ethylpentamethylene  (1.2), 

CH. 

CH,-H,c— CHa-cja:.. 

It  is  a  colourless  oil  boiling  constantly  at  124°  and  having  an  odour 
closely  resembling  that  of  the  normal  paraffins. 

In  studying  these  reactions  one  cannot  but  be  struck  with  the  great 
similarity  existing  between  mothyldihydropentene  methyl  ketone  and 
the  product  of  the  internal  condensation  of  diacetylpentane  (methyl- 
tetrahydrobenzene  methyl  ketone),  described  by  Dr.  Kipping  and 
myself  some  time  since.  Both  these  substances  form  oximes ;  both, 
on  reduction  with  sodium  in  moist  ethereal  solution,  take  up  4  atoms 
of  hydrogen  and  yield  alcohols  which,  on  treatment  with  hydriodic 
acid,  are  reduced  to  saturated  hydrocarbons  of  the  general  formula 

The  arguments,  based  on  these  reactions,  which  were  used  in  dis- 
cussing the  formula  of  methyltetrahydrobenzene  methyl  ketone 
(this  vol.,  p.  14)  apply  equally  well  to  the  present  case,  and  need  not 
be  again  repeated.  There  is,  however,  one  confirmatory  test  which  was 
used  in  determining  the  constitution  of  methyltetrahydrobenzene  methyl 
ketone  which  we  have  unfortunately  not  been  able  to  apply  to  the 

dihydropentene-denvative.     If  the  formula  T       ^rr  rirr 

represents  the  constitution  of  methyldihydropentene  methyl  ketone, 
it  is  obvious  that  diethyldiacetylbutane, 

CH,-COCH(C2H5)-CH,-CH,-CH(C,H5)-CO-CHa. 

could  not  yield   a  similar  condensation-product,  and    this   fact,   if 
demonstrated,  would  go  far  to  prove  the  formula  given  above. 
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In  order  to  obtain  this  Bnbstanoe,  it  was  necessary  first  to  prepare 
ethylic  diethjldiacetyladipate. 

As  this  compound  was  not  formed  hy  the  action  of  ethylene  bromide 
on  ethyl  sodioethylacetoaoetate,  we  endeavoared  to  obtain  it  by 
treating  the  disodiam  compound  of  ethyl  diacetyladipate  with  ethyl 
iodide. 

The  product  of  the  reaction,  on  hydrolysis,  gave  a  neutral  oil, 
which,  on  fractioning  first  under  reduced  pressure  and  then  under 
the  ordinary  pressure,  distilled  for  the  most  part  between  200'*  and 
260°. 

From  this  crude  product,  a  substance  was  readily  obtained  boiling 
at  210 — 215^  which  on  analysis  gave  numbers  agreeing  with  the 
formula  GioHisO ;  this  oil,  when  treated  with  hydrozylamine,  gave  an 
ozime  CioHnNO.  The  general  properties  of  the  substance,  and 
especially  the  strong  odour  of  peppermint,  agree  so  closely  with  those 
of  methyldihydropentene  methyl  ketone  that  there  can  be  no  doubt 
that  this  new  compound  is  simply  the  ethyl-deriyative  of  this  ketone, 
produced  by  the  hydrolysis  of  ethylic  monethyldiacetyladipate. 

COOftH!><'(«I.)-CH.CH.0H.<!<Cg;^  +  «KOH  = 

A  second  fraction,  250 — 255*',  gave,  on  analysis,  numbers  agreeing 
only  approximately  with  the  formula  of  diethyldiacetylbutane,  and 
ovnng  to  the  very  small  quantity  of  this  substance  produced,  we  were 
unable  to  purify  it  further. 

Some  experiments  were  next  made  with  the  object  of  proving  the 
presence  of  an  acetyl-group  in  methyldihydropentene  methyl  ketone, 
as  this  would  in  a  great  measure  confirm  the  formula  given  to  this 
substance,  and  more  particularly  distinguish  between  this  and  the 
formula — 

CH3-9  OH 

(Compare  formula  for  methyltetrahydrobenzene  methyl  ketone,  this 
vol.,  p.  14.)     The  oxime  CgHuNO  was  heated  in  a  sealed  tube  with  a 
mixture  of  acetic  acid,  acetic  anhydride,  and  hydrogen  chloride  at 
lOO"*  for  two  hours. 
According  to  the  beautiful  researches  of  Beckmann  on  "  intermole* 
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cnlar  change  in  oximes,*'  this  experiment  shonld  have  converted  the 
ozime  into  methjldihjdropenteneaoet&mide, 

CH,-C C'NH-CO'CH, 

CH2-CH,-6h, 

a  substance  which  on  hydrolysis  should  have  yielded  methyldihydro* 
penteneamine,  T  i  ,  and  acetic  acid,  as  described  m 

detail  in  the  body  of  this  paper. 

From  tbe  product  of  this  reaction  a  remarkable  base  waa  isolated, 
which  boiled  constantly  at  164 — 165**,  and  volatilised  readily  with 
steam;  on  analysis  it  gave  numbers  agreeing  with  the  formula 
CsHijNO,  and  behaved  in  all  its  reactions  like  a  strong  base.  The 
platinochlorideCCsHi  J5rO),,H,PtCU,  crystallises  from  water  in  beautifnl, 
orange-red  prisms,  and  is  very  stable. 

This  substance  ia  evidently  not  methyldihydropenteneacetamide,  as 
even  prolonged  boiling  with  dilute  hydrochloric  acid  does  not  appear 
to  affect  it,  and  it  is  thought  possible  that  by  intermolecular  change 
the  ozime  has  been  converted  into  a  ring-derivative  having  the 
formula — 

«''-<SFnh>"(°='-^«- 

I  am  at  present  engaged  in  a  further  study  of  this  base. 

Crude  ethyl  diacetyladipate,  which  results  from  distilling  the  pro- 
duct of  the  action  of  ethylene  bromide  on  ethyl  sodioacetoacetate 
with  steam,  appears  to  be  a  very  fairly  pure  substance,  as  is  proved 
not  only  by  analysis,  but  also  from  the  fact  that  when  treated  with 
phenylhydrazine  a  very  large  yield  of  phenylhydrazine-derivatives 
can  be  obtained.  This  is  also  borne  out  by  the  study  of  various  other 
decompositions  of  this  crude  product,  and  yet,  curiously  enough,  when 
treated  with  ammonia,  even  under  tbe  most  varied  conditions,  only 
30  per  cent,  of  the  theoretical  yield  of  ethyl  diimidodiethyladipate  is 
obtained.  As  it  was  thought  that  this  might  be  due  to  some  secondary 
action  of  the  ammonia,  pure  ethyl  diacetyladipate  (prepared  from  ethyl 
diimidodiethyladipate)  was  treated  with  alcoholic  ammonia,  with  the 
result  that  over  90  per  cent,  of  the  theoretical  amount  of  the  crystal- 
line diimido-compound  was  obtained. 

This  diimido-compound  is  extremely  insoluble  in  cold  alcohol,  and 
an  examination  of  the  crude  oily  products  contained  in  the  mother 
liquors  obtained  by  treating  crude  ethyl  diacetyladipate  with  ammonia 
showed  that  it  contained  an  imido-compound,  which,  however,  could 
not  be  obtained  in  a  pure  state.     These  and  other  considerations 
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make  it  appear  probable  thafc  crude  ethyl  diacetjrladipate  contains  two 
stmctnrallj  physical  isomerideS|  namely : — 

CH,-CO-(j^H-COOC,H.  CH,-C0-(j3H-C00C,H, 

rCH,J,  and  [CH,], 

CH5-CO-CH-COOC»H5  COOCHftCHCO-CH,. 

a  supposition  supported  to  some  extent  by  recent  work  on  the  di- 
substituted  succinic  acids. 

A  somewhat  similar  case  has  been  noticed  in  studying  the  forma- 
tion of  ethyl  dibenzoyhuccinate,g«^*^^J.>^^'^^<COO^^  hj 
the  action  of  iodine  on  the  sodium  compound  of  ethyl  benzoylacetate. 
The  ethereal  salt  usually  obtained  melts  at  128^,  but  under  certain 
conditions,  which  have  not  as  yet  been  clearly  established,  an  isomeric 
substance,  m.p.  154^,  results. 

It  is  hoped  that  further  investigation  will  clear  up  this  interesting 
point. 

NOMENCLATUEB  OF  UNSATURATED  ClOSBD   CaRBON   ChAINS. 

Considerable  difficulty  attaches  to  the  question  of  the  nomenclature 
of  partially  saturated  ring-derivatives,  such  as  occur  in  this  and  the 
following  papers. 

In  previous  researches  on  the  synthetical  formation  of  closed  carbon 
chains,  only  derivatives  of  fully  saturated  rings  have  been  dealt  with ; 
such  were  named  tri-,  tetra-,  penta-,  hexa-methylene- derivatives, 
according  to  the  number  of  '*  methylene  '*  groups  contained  in  the 
ring. 

Formulas  derived  from  such  methylene  rings  by  the  abstraction  of 
pairs  of  hydrogen-atoms  might  be  distinguished  by  prefixing  the 
words  dehydro-,  didehydro-,  tridehydro-,  &c.,  according  to  the  number 
of  pairs  of  hydrogen-atoms  removed. 


Thus  the  ring   CH,| 


|CH  would  be  dehydropentamethylene ; 

CH,^ CH 

CH, 
the  ring  CH[|     ||CH  would  be  didehydropentamethylene,  4c 

chLIIch 


Quite  apart  from  the  inconvenient  length  of  such  words,  and  the 
difficulty  of  pronouncing  them,  the  use  of  the  word  "  dehydro-  "  in 
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this  sense  might  easily  cause  eonfnsion,  on  account  of  the  fact  that 
this  term  usually  implies  **  elimination  of  water." 

A  system  of  nomenclature  which  avoids  this  difficulty,  and  which 
is  also  of  general  applicability,  may,  it  seems  to  me,  be  obtained  by 
naming  the  entirely  unsaturated  rings,  containing  double  Unkings^  by 
following  scheme,  in  which  the  position  of  the  double  linkings  is 
shown  by  prefixing  the  sign  A  with  the  commencing  number  of  the 
double  linkings,  reading  in  the  direction  of  the  hands  of  a  watch, 
(compare  Baeyer,  Annalen^  245,  111). 


Cfl. 


CHLli iLcH 


CH 


A^-^-Tetrene. 


A***'Pentene, 


CH 


CH. 


CH 


CH 


C» 


CH 

A^'^'^'Hexene  (Benzene). 


CH 


&c. 


A^*'^-Beptene. 


These  names  ending  in  -ene  could  not  be  confounded  with  unsaturated 
chain  derivatiyes,  because  these  have  always  received  names  ending 
in  -ylene,  such  as  ethylene,  tetrylene,  pentylene,  Ac. 

Partially  saturated  derivatives  of  the  above  rings  would  then  be 
named  according  to  the  number  of  hydrogen-atoms  taken  up ;  the 
position  of  the  remaining  double  likings  might  be  (as  above)  repre- 
sented by  A,  with  the  number  attached  at  which  the  double  linking 
starts,  coanting  always  in  the  direction  of  the  hands  of  a  watch. 

The  following  examples  illustrate  this  point  clearly: — 


CH. 


CH» 


CH. 


C^ 


&o. 


A^-Dibjdrotetrene.  A^-Dihydropentene. 


A''*-Dihjdroheptene. 
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The  fnlly  saturated  rings  would  be  methjlene-deiivatives,  as 
before. 

Isomeric  bjdrocarbons,  with  double  linkings  in  positions  different 
from  the  above,  could,  if  prepared,  of  course  be  similarly  named, 
thus : — 


CH. 


CH 


CH 


CB^      >^ 


CH 


CH 


CH 


&c. 


A»*.Tetarene. 


C 

A"-Pentene. 


The  substances  described  in  this  paper  fall  under  the  heading  of 
pentene-derivatives. 


CH,-C: 


iC'CO'CHj   is    A'   methyldihydropentene    methyl 


CH.-C: 


ketone  (2,  3). 


. zlC'COOH  is  A*  methyldihydropentenedicarboxylic 

COOH-CH-CHa-AH»  acid  (2,  3,  1). 

Ac.^  the  numbers  placed  after  the  name  in  a  bracket  referring  to  the 
position  of  the  side  chains  (Trans.,  1885,  47,  801).  In  most  cases, 
where  there  is  no  fear  of  confusion,  these  numbers,  as  well  as  the 
symbol  A,  may  be  left  out,  as  has  been  shown  in  the  body  of  this 
paper. 


Ethyl  «i«^Diacetyladipatb,  c00cS>^^*^^*'^^»'^^<C00(?H5- 

In  preparing  this  substance  the  following  quantities  are  con- 
veniently employed : — 

Ethyl  acetoacetate 260  grams. 

Ethylene  bromide    190       „ 

Sodium 46       „ 

The  sodium  is  dissolved  in  500  grams  of  absolute  alcohol,  the 
solution  well  cooled,  and  then  the  mixture  of  ethyl  acetoacetate  and 
ethylene  bromide  gradually  added,  the  temperature  being  kept  below 
S5**  by  repeatedly  cooling  with  cold  water.  The  resulting  clear  solution 
is  then  heated  to  boiling  in  a  large  flask  connected  with  a  reflux  appa- 
ratoa  for  five  hours,  the  alcohol  distilled  off,  sufficient  water  added  to 
completely  dissolve  the  cake  of  sodium  bromide,  and  the  oily  layer 
which  separates  extracted  three  times  with  small  quantities  of  ether. 
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The  ethereal  solution  on  evaporation  deposits  about  240  grams  of  a 
slightly  brownish  oil,  which,  besides  ethyl  diacetyladipate,  contains 
considerable  quantities  of  ethyl  acetyl trimethylenecarbozylate,  as 
well  as  unchanged  ethyl  acetoaoetate  and  some  ethylene  bromide.  In 
order  to  remove  these,  advantage  is  taken  of  the  fact  that  ethyl 
diacetyladipate  is  not  volatile  with  steam,  whereas  the  other  sub- 
stances mentioned  are  readily  carried  over.  The  crude  product  is 
therefore  submitted  to  rapid  distillation  in  a  current  of  steam,  the 
operation  being  continued  until  no  more  oily  drops  are  visible  in  tho 
condensed  water.  Tho  residue  is  extracted  three  times  with  ether,  the 
ethereal  solution  washed  twice  with  a  dilute  solution  of  sodium  car- 
bonate, dried  over  anhydroos  potassium  carbonate,  filtered,  and  tho 
ether  distilled  off. 

In  this  way  about  60  grams  of  a  slightly  brownish  oil  is  obtained, 
which,  after  standing  for  some  days  over  sulphuric  acid  in  a  vacuum, 
gave  the  following  numbers  on  analysis : — 

0*1330  gram  substance  gave  0*2910  gram  GOs  and  0'0920  gram 
H,0. 

Theory.  Found. 

C  5874  per  cent.  69-67  per  cent. 

H 7-69        „  7-69 

O 33-57        „  32-64 

Pure  ethyl  diacetyladipate  may  be  readily  prepared  from  this  crude 
product  by  either  of  the  following  methods : — 

I.  By  conversion  into   the   disodium-derivative,   and   subsequent 
decomposition  of  the  purified  salt  by  dilute  acids. 
II.  By  the  hydrolysis  of  ethyl  diimidodiethyladipate. 

These  two  methods  will  be  given  in  detail  in  the  follo?ring 
sections. 

IHsodium  Compound  of  Ethyl  BiacetyladipcUe^ 
C0?6S!>CNa.CH,.0H..CNa<ggJ^^. 

This  is  best  prepared  in  the  following  way : — 

3*3  grams  of  sodium  is  dissolved  in  30  grams  of  warm  absolute 
alcohol,  and  the  solution,  while  still  warm,  mixed  with  50  grams  of 
pure  dry  ether.  20  grams  of  crude  ethyl  diacetyladipate  dissolved 
in  200  grams  of  pure  dry  ether  is  now  added,  and  the  yellow  floocu- 
lent  disodium  compound,  which  immediately  separates,  rapidly 
filtered  ofE,  well  washed  with  ether,  and  at  once  transferred  to  a 
vacuum  desiccator. 
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The  analysis  of  this  compoand  gave  the  following  numbers : — 

I.  0*2884  gram    sobstanoe   gave    (after    ignition  with  HsSO«) 
01190  gram  NatSO*. 

II.  0*2605    gram    substance    gave    (after  ignition  with    HsSOi) 

0*1062  gram  Na,SOi. 

Found. 

Theory.  r * ^ 

CuH»N8,0ft.  I.  II. 

Na 13*94  p.  e.  13*37        18*23  p.  c. 

This  disodinm  compound  is  readily  soluble  in  alcohol,  almost  inso- 
luble in  ether.  It  is  decomposed  at  once  by  dilute  acids,  with 
regeneration  of  ethyl  diacetyladipate ;  water  acts  in  the  same  way, 
but  hot  so  readily. 

In  preparing  pure  ethyl  diacetyladipate,  the  disodium  compound, 
after  being  freed  from  impurities  by  washing  with  ether,  as  explained 
above,  is  at  once  thrown  into  a  considerable  volume  of  very  dilute 
hydrochloric  acid,  and  the  oily  compound  thus  liberated  extracted 
three  times  with  pure  ether.  The  ethereal  solution,  after  washing 
with  dilute  sodium  carbonate  solution,  and  drying  over  potassium 
carbonate,  is  allowed  to  evaporate,  when  it  deposits  an  almost  colour- 
less oil ;  this,  after  standing  over  sulphuric  acid  in  a  vacuum  for 
24  hours,  was  analysed  with  the  following  result : — 

I.  0*2116  gram  substance  gave  0*4572  gram  CO,  and  01380  gram 

H,0. 
IL  0*2130  gram  substance  gave  0*4530  gram  COj  and  01630  gram 
H,0. 

III.  0*1988  gram  substance  gave  0*4244  gram  CO,  and  0*1409  gram 

H,0. 
17.  0*1226  gram  substance  gave  0*2632  gram  CO,  and  0*0921  gram 
H,0. 

Found. 

Theory.  I.  II.  III.             IV. 

C 58*74  58*92  58*00  58*22  58*55 

H 7*69  7*24  7*98  7*87          8*34 

0 33*57  33*84  3402  33  91  33*11 

Ethyl  diacetyladipate  is  a  thick,  colourless  oil,  possessing  a  faint, 
fruity  odour.  It  does  not  solidify  when  cooled  to  O"*.  It  is  miscible 
with  ether,  alcohol,  and  most  other  organic  solvents,  almost  insoluble 
in  water,  slightly  solable  in  dilute  aqaeous  solutions  of  potassiam 
and  sodium  hydrates.  The  addition  of  a  drop  of  fen*ic  chloride  to 
the  aloohoHo  solution  gives  an  intense  violet-red  coloration.  When 
aj^tated  for  some  weeks  with  a  saturated  solution  of  sodium  hydrogen 
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snlphite,  the  ethereal  salt  gradnallj  dissolves,  forming  a  very  readily 
solable  double  componnd.  This,  on  the  addition  of  dilute  acids  or 
carbonate  of  soda,  deposits  colourless,  oily  drops,  which  consist 
probably  of  regenerated  ethyl  diacetyladipate. 

Ethyl  diacetyladipate  is  readily  hydrolysed  by  boiling  with  alco- 
holic potash,  and  in  this  way  a  number  of  interesting  compounds  have 
been  obtained,  which  are  described  in  the  next  paper. 


Ethyl  Diimidodiethyladtpatef 

This  important  compound  is  best  prepared  in  the  following  way : — 
50  grams  of  crude  ethyl  diacetyladipate  are  dissolved  in  about 
150 — 200  grams  of  absolute  alcohol,  and  the  solution  thoroughly 
saturated  with  gaseous  ammonia,  the  temperature  being  kept  below 
30*  during  the  operation  by  means  of  cold  water. 

The  solution  on  standing  gradually  deposits  beautiful,  glittering 
crystals,  which,  after  36  hours,  are  collected,  well  washed  with 
alcohol,  and  dried  on  a  porous  plate. 

The  residual,  beautifully  white,  glistening,  crystalline  mass,  after 
recrystallisation  from  benzene,  gave  the  following  results  on 
analysis : — 

I.  0*1880  gram  substance  gave  0'4081  gram  CO,  and  01485  gram 

H,0. 
II.  01728  gram  substance  gave  0'3744  gram  GOs  and  01338  gram 

H,0. 
III.  0*1838  gram  substance  gave   16*5  c.c.  N ;   ^  =  14* ;   bar.  = 
724  mm. 


Theory. 


Found. 


CuH,4N,04.  I.  II.  in. 

C 69-15  p.  c.  59-20  6909          —    p.  c. 

H 8-45    „  8-77  8-60          —       „ 

N 9-85    „  —  —  1009    „ 

Ethyl  ditmidodtethyladipate  melts  at  173 — 174*.  It  is  readily 
soluble  in  hot  alcohol,  bensene,  and  toluene,  and  crystallises  from 
these  solvents,  on  cooling,  in  beautiful,  glittering  plates  or  long,  flat 
needles,  which,  when  examined  under  the  microscope,  are  seen  to 
be  of  the  following  forms  :  — 
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Twin  crystals  were  also  sometimes  noticed. 

It  is  almost  insoluble  in  water  and  only  sparingly  soluble  in  ether, 
light  petrolenm,  or  cold  alcohol.  Hydrochloric  acid  dissolves  ethyl 
diimidodi^thyladipate  readily,  especially  on  gentle  warming;  the 
addition  of  platinic  chloride  to  the  solution  produces  at  first  no  pre- 
cipitate, but  on  standing,  glistening  octahedra  separate,  which  on 
examination  were  identified  as  crystals  of  ammonium  platinochloride. 
This  solution  of  ethyl  diimidodiacetyladipate  in  hydrochloric  acid 
remains  clear  for  a  considerable  time,  even  when  diluted  with  con- 
siderable quantities  of  water,  but  on  gently  warming  on  a  water-bath, 
the  liquid  suddenly  becomes  turbid  owing  to  the  separation  of  minute 
particles  of  ethyl  diacetyladipate,  and  the  solution  on  boiling  with 
alkalis  gives  off  quantities  of  ammonia  : — 

CHa-C-NHa    NH,-C-CH,  __^,        _ _  ^ 

COOC.H..C.CH,-.CH,.C.COOCaH,  "^  ^^^^  "^  ^^'^  = 

This  decomposition  serves  as  a  ready  means  of  preparing  pure  ethyl 
diacetyladipate  from  the  crude  product,  without  the  necessity  of  using 
the  disodium  compound.  For  this  purpose  the  finely-divided  diimido- 
compound  is  agitated  with  just  suflBcient  hydrochloric  acid  (sp.  gr.  1*16) 
to  dissolve  it,  the  clear  solution  diluted  with  3  vols,  of  water  and 
warmed  on  a  water-bath  to  about  80°.  Long  before  the  solution 
attains  this  temperature  a  cloudiness  suddenly  appears,  and  in  a  short 
time  a  thick,  oily  layer  of  ethyl  diacetyladipate  settles  down  in  the 
aqueous  solution. 

This  is  extracted  twice  with  pure  ether,  the  ethereal  solution 
washed  with  sodium  carbonate,  dried  over  potassium  carbonate,  and 
evaporated.  The  resulting  colourless  oil,  after  standing  for  some 
hours  over  sulphuric  acid  in  a  vacuum,  consists  of  pure  ethyl  diacetyl- 
adipate, as  the  following  analysis  shows  : — 

0-1505  gram  substance  gave  01046  gram  H3O  and  0*3228  gram  CO,. 
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Theory. 

CmHsOs.  Found. 

G   58*74  per  cent.  58*49  per  cent. 

H 7-69        „  7*72 

O  33-56        „  8379 

Tbis  metbod  is  tbe  most  oonveniont  for  preparing  pure  ethyl 
rliacetyladipate,  althoagli  the  yield  obtained  is  only  30  per  cent,  of 
the  crude  product  employed. 

In  preparing  ethyl  diimidodiethyladipate,  as  described  above,  rarely 
more  than  30  per  cenfc.  of  the  crystalline  substance  is  obtained,  not- 
>vitb8tanding  that  the  efchyl  diacetyladipate  employed  could  have 
contained  only  a  small  quantity  of  impurity,  as  shown  by  the  yields 
of  other  derivafcives  obtained  from  it. 

The  mother  liquors  from  tbe  crystals  were  found  on  ezaifaination  to 
contain  a  large  quantity  of  an  oily  ammonium  compound  which  could 
not  be  obtained  in  a  pure  state.  In  order,  if  possible,  to  improve  the 
yield  of  ethyl  diimidodietbyladipate,  various  experiments  were  tried, 
using  not  only  different  solvents,  but  also  varying  quantities  of 
ammonia,  but  without  success.  If  crnde  ethyl  diacetyladipate  is 
sbaken  with  an  excess  of  strong  aqueous  ammonia,  and  the  solution 
allowed  to  stand  for  some  days,  the  globules  of  oil  gi*adually  become 
more  and  more  viscid  and  at  last  break  up  entirely  into  semi-solid 
particles.  These  are  collected,  freed  from  oil  by  spreading  on  a  porous 
plate,  and  washed  with  alcohol.  The  colourless  crystalline  mass  thus 
obtained  is  identical  with  the  substance  described  above,  and  the  yield 
is  almost  the  same  as  that  obtained  with  alcoholic  ammonia. 

As  the  yield  of  crystals  by  all  methods  was  so  small,  it  seemed 
probable  that  the  ammonia  exerted  some  secondary  influence  on  the 
ethyl  diacetyladipate,  converting  it  possibly  into  an  acid  amide.  In 
order  to  test  this,  5  grams  of  pure  ethyl  diacetyladipate  (prepared 
from  ethyl  diimidodietbyladipate)  was  dissolved  in  20  grams  of  pure 
methyl  alcohol,  the  solution  saturated  with  ammonia  and  allowed  to 
stand  for  24  hours.  The  crystals  of  the  diimido-compound  thus 
formed  were  collected,  washed  with  alcohol,  aud  found  to  weigh 
41  grams.  The  mother  liquor,  on  evaporation  at  the  ordinary  tem- 
perature, deposited  0'53  gram  of  crystals,  but  no  trace  of  an  oily 
ammonia  compound  had  been  formed.  Tbe  yield  obtained  was  there- 
fore about  93  per  cent,  of  the  theoretical. 

The  obvious  conclusion  to  be  drawn  from  these  facts  is  that  crude 
ethyl  diacetyladipate  contains  two  structurally  isomeric  substances, 
one  of  which  gives  a  crystalline,  the  other  an  oily  diimido-,  compound. 
It  has  not  as  yet  been  possible  to  prove  this  supposition,  but  farther 
experiments  on  the  subject  are  in  progress. 
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Action  of  Phenylhydrazine  on  Ethyl  IHacetyladtpate. 

Ethyl  diacetjladipate  reacts  very  readily  with  phenylhydrazine, 
giving  rise  to  well-characterised  prodacts,  the  formation  of  which 
proves  beyond  doubt  that  this  substance  really  has  the  constitution 
assigned  to  it  in  this  paper. 

If  equal  volumes  of  crude  ethyl  diacetyladipate  and  phenylhydrazine 
are  mixed  together,  a  considerable  rise  of  temperature  takes  place,  and 
in  a  short  time  the  mixture  becomes  cloudy,  owing  to  the  separation 
of  water.  This  product,  when  heated  on  a  water-bath,  soon  separates 
into  two  layers,  and  on  prolonged  heating,  the  whole  solidifies  to  a 
crystalline  cake.  In  order  to  purify  this  crude  substance,  the  mass  is 
first  ground  up  in  a  mortar  with  ether,  filtered  from  the  dark-brown 
ethereal  solution,  the  residue  washed  with  ether  till  colourless,  and 
then  dried  by  spreading  it  on  a  porous  plate.  The  colourless  crystal- 
line mass  thus  obtained  is  a  mixture  of  two  substances,  one  of  which 
is  soluble  in  methyl  alcohol,  the  other  insoluble. 

In  order  to  separate  these,  the  crystalline  powder  is  extracted  two 
or  three  times  with  boiling  methyl  alcohol,  filtered,  and  the  solution 
concentrated  and  allowed  to  stand.  In  a  short  time  ethyl  diphenyl- 
hydrazinediacetyladipate  separates  in  faintly  yellowish  plates,  which 
after  drying  first  on  a  porous  plate  and  then  over  sulphuric  acid  in 
a  vacuum,  gave  the  following  results  on  analysis. 

I.  0-2191  gram  substance  gave  0*5374  gram  CO,  and  0*1480  gram 

H,0. 
II.  01615  gram  substance    gave    18  c.c.  N ;    *  =  20** ;    bar.  = 
720  mm. 

Found. 

C^„l<04.  I.               II. 

C 66-95  per  cent.  6689           —    per  cent. 

H 7-30        „  7-50          — 

N 1202        „  —  1206 

This  substance  is  formed  by  the  union  of  1  mol.  of  ethyl  diacetjl- 
adipate with  2  mols.  of  phenylhydrazine,  with  elimination  of  2  mols. 
HaO,  thus:— 

Ethyl  diphenylhydrazinediacetyladipate  melts  at  about  143 — 145**, 
but  when  heated  above  this  point  decomposition  sets  in  very  rapidly;  at 
VOL.  LHI.  Q 
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200°,  the  mass  again  becomes  solid,  owing  to  its  conyersion  into  bis- 
phenylmethjlmethjlenepyrazolone  (see  below). 

It  is  readily  soluble  in  strong  adds,  bnt  insoluble  in  alkalis.  It 
dissolves  moderately  easily  in  boiling  methyl  aloohol,  but  only  very 
sparingly  in  ether,  toluene,  ethyl  acetate,  chloroform,  acetone,  or 
light  petroleum  in  the  cold.  From  its  solution  in  hot  methyl  or 
ethyl  alcohol,  it  crystallises  on  slowly  cooling  in  thin,  colourless  four- 
sided  plates  or  long,  slender  needles. 

The  second  substance  which  is  formed  when  ethyl  diaoetyladipate 
and  phenyhyldrazine  react,  and  which  remains  as  a  white  powder 
after  extracting  the  ethyl  diphenylhydrazinediacetyladipate  by 
boiling  methyl  alcohol  aa  described  above,  is  best  purified  by  recrys- 
tallisation  from  dilute  acetic  acid.  For  this  purpose  the  substance 
is  dissolved  in  boiling  acetic  acid,  the  hot  liquid  filtered,  and  water 
added  until  a  very  slight  turbidity  is  produced.  The  solution,  on 
standing,  then  deposits  the  new  compound  in  colourless,  prismatic 
crystals,  which,  after  collecting,  washing  first  with  dilute  acetic  acid 
and  then  with  water,  and  drying  at  130^,  gave  the  following  results 
on  analysis : — 

L  0-1537  gram  substance  gave  0*3960  gram  COs  and  0*0853  gram 

II.  0*2830  gram  substance  gave   37*6  c.c.  N;    *  =  10°;    bar.  = 
722  mrm. 

Found. 

Theory.  / * ^^ 

C»H«N40,.  I.  II. 

C 70-58  per  cent.        70*26  —    per  cent. 

H 5-88        „  6*16  — 

N 14*97        „  —  15-06 

This  substance  is  formed  from  ethyl  diphenylhydrasinediacetyl- 
adipate  by  elimination  of  two  molecules  of  alcohol,  thus : — 

• 
and  is,  therefore,  bi8-l-phenyl-3-methyl-4-methylene-5-pyraBolone.  It 
is  almost  insoluble  in  neutral  organic  solvents,  but  readily  soluble  in 
acetic  acid.     From  dilute  acetic  acid  it  separates  in  colourless,  pris- 
matic crystals,  which  do  not  melt  at  250°. 

This  pyrazolone  is  readily  soluble  both  in  acids  and  alkalis.  If  the 
pure  substance  be  warmed  with  moderately  dilate  hydrochloric  acid, 
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it  dissolyea  readily,  forming  a  colourless  solution,  whioh  on  cooling 
deposits  tlie  salt,  either  as  a  gelatinons  mass  or  in  the  form  of  micro- 
scopic needles,  according  to  whether  the  solntion  was  strong  or  weak. 
The  gelatinons  precipitate,  on  rubbing  or  warming  gently,  at  ODce 
becomes  crystalline.  On  boiling  the  hydrochloric  solution  with 
either  ferric  or  platinic  chlorides,  a  white,  sparingly  soluble  crystal- 
line substance  is  precipitated,  which  is  possibly  an  oxidation-product. 
Warm  dilute  sulphuric  acid  also  dissolves  the  pyrazolone  readily; 
on  cooling  the  solution  sets  to  a  transparent  jelly,  which,  on  rubbing, 
eventually  becomes  crystalline,  although  not  so  readily  as  the  hydro- 
chloride. A  delicate  test,  which  seems  to  show  the  presence  of  very 
small  quantities  of  this  substance,  is  the  following : — ^A  trace  of  the 
pyrazolone  is  gently  boiled  with  concentrated  nitric  acid,  until  the 
oxidation,  which  sets  in  at  once,  is  complete  (after  about  two 
minutes).  The  resulting,  almost  colourless  solution,  on  the  addition 
of  a  few  drops  of  water,  deposits  a  yellow,  crystalline  substance, 
which  dissolves  in  potassium  hydrate,  forming  an  intensely  reddish- 
brown  liquid. 

Bis-phenylmethylmethylenepyrazolone  combines  very  readily  with 
alkalis.  The  potassium  salt  was  obtained  as  follows : — The  substance 
was  dissolved  in  a  little  warm  potassium  hydrate  (sp.  gr.  1*2),  and  then 
mixed  with  a  concentrated  solution  of  the  alkali  (sp.  gr.  1*4),  until  a 
decided  precipitate  was  obtained.  This  dissolved  on  boiling,  and  on 
allowing  the  solution  to  cool  slowly,  the  potassium  salt  crystallised 
out  in  large,  transparent,  flaky  crystals.  These  were  collected, 
washed  four  or  five  times  with  small  quantities  of  water,  and  freed 
from  mother  liquor  as  completely  as  possible  by  spreading  on  a 
porous  plate.  The  resulting  satiny  crystals  dissolved  in  water  very 
readily,  producing  a  faintly  alkaline  solution,  whioh  showed  the 
following  behaviour  with  precipitante  : — Oopper  sulphate, — ^A  pinkish- 
white  precipitate,  very  sparingly  soluble  even  in  boiling  water. 
Cadflmum  chloride. — ^A  heavy  white,  crystalline  precipitate,  very  spar- 
ingly soluble  in  water.  Silver  nitrate. — A  white,  gelatinous  pre- 
cipitate, which  on  boiling  turned  black.  Uranium  nitrate. — An 
orange-white  precipitate,  resembling  ferric  benzoate  in  appearance. 

From  the  study  of  these  properties  it  is  at  once  evident  that  a 
great  similarity  exists  between  this  substance  and  bis-phenylmethyl- 
pjrazolone : — 

which  Knorr  (Bar.,  17,  2050)  obtained  by  the  action  of  phenyl- 
hydrazine  on  ethyl  diacetylsuccinate. 

There  is,  however,  one  characteristic  difference  between  these  two 

q2 
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sabfltances,  bis-phenylmethylpyrazolone  on  oxidation  with  ferric 
■or  platinio  chlorides  yields  pyrazole-blue : — 

Knorr,  (Annaien,  238,  171),  whilst  bis-phenylmethylmethylenepyr- 
azolone,  as  might  be  expected  from  an  examination  of  its  constitution, 
yields  no  trace  'Of  colouring  matter  when  subjected  to  similar  treat- 
ment. 

If,  however,  a  solution  of  the  substance  in  dilute  hydrochloric  acid 
is  boiled  with .  excess  of  ferric  chloride,  a  crystalline  precipitate  is 
soon  produced.;  this  is  deposited  from  its  solution  in  hot  dilute  acetic 
acid  as  a  sandy  crystalline  mass,  insoluble  in  alkalis.  It  was  not 
analysed. 


Decomposition  of  Ethtl  Diacbttladipatb  by  Heat. 

In  studying  this  interesting  decomposition,  crude  ethyl  diacetyl- 
adipate  in  quantities  of  15  grams  at  «  time,  was  first  submitted  to 
rapid  distillation  under  reduced  pressure  (225  mm.)  from  retorts  not 
fitted  with  thermom«teirs.  A  large  quantity  of  a  slightly  yellowish 
oil  distilled  over,  leaving  a  considerable  carbonaceous  residue  in  the 
retorts.  The  distillatian  from  several  such  operations  was  next  very 
carefully  fractioned  under  225  mm.  pressure.  Below  180^  a  small 
quantity  of  ethyl  •acetyltrimethylenecarboxylate  passed  over;  then 
the  thermometer  rose  rapidly  to  200°,  between  which  temperature  and 
240°  the  greater  .part  distilled  as  a  yellowish  oil,  leaving  a  small 
residue  in  the  extort  which  was  not  further  examined. 

On  repeatedly  fractioning  this  distillate  under  the  same  pressure, 
a  considerable  quantity  of  an  -almost  colouriess  oil  was  obtained, 
which  boiled  fairly  constantly  at  230 — 231°.  This  oil  on  analysis 
gave  the  following  numbers,  each  analysis  being  made  from  a  different 
preparation. 

I.  0*2165  gram  substance  gave  0*5013  gram  GOs  and  0*1553  gram 
H,0. 
II.  0-1^47  gram  suhstance  gave  0*4483  gram  COs  and  0*1342  gram 

H,0. 
III.  0*1522  gram  substance  gave  0*3504  gram  COa  and  0*1092  gram 

H,0. 
lY.  0-1669  gram  substance  gave  0*3859  gram  COs  and  01164  gram 
H4O. 
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Foundi. 

Theory  for  r * ^ 

C^HmO,.  I.  II.         III.  IV. 

C- 62-68  p.  c.        6315    6274    6279    63-Oap.  c, 

H 7-47    „  7-96      T^      797      774    „ 

0 29-84    „  28-89    29-60    2924    29-23    „ 

From  this  result  the  conclusion  was  at  once  drawn  that  the 
substance  is  formed  simply  by  the  elimination  of  1  mol.  n20  from 
I  mol.  eth jl  diacetyladipate,  thus  : — 

CuHaO.  =  CiiHwOft  +  HjO. 

Subsequent  experiments  showed  that,  in  spite  of  its  constant 
boiling-point,  it  was  a  mixture  of  at  lea.st  three  compounds,  and 
this  rendered  a  rery  careful  reinvestigation  of  this  product  very 
desirable.  A  large  quantity  of  crude  ethyl  diacetyladipate  which  had 
accumulated  ad  a  bye-product  from  various  researches,  was  submitted 
to  distillation  under  a  pressure  of  160  mm.  The  crude,  oily  distil- 
late was  carefully  fractioned,  and  all  passing  over  between  200 — 225** 
(160  mm.)  collected  apart.  This  oil,  which  on  analysis  gave  numbers 
closelj  agreeing  with  those  obtained  above,  was  dissolved  in  five 
times  its  bulk  of  ether,  and  thoroughly  agitated  with  a  small  quantity 
of  a  moderately  dilute  solution  of  potassium  hydrate,  the  aqueous 
layer  was  8epai*ated,  and  the  operation  repeated  until  the  potash 
solution  was  coloured  slightly  yellow  only.  The  alkaline  solutions  were 
carefully  preserved  and  investigated  in  the  way  to  be  explained  later. 
The  ethereal  solution  was  dried  over  anhydrous  potassium  carbonate, 
the  ether  distilled  off,  and  the  resulting  oily  residue  submitted  to  very 
careful  fractionation  under  a  pressure  of  17u  mm.  In  this  way  a 
slightly  yellowish  oil  was  obtained,  boiling  constantly  at  215—217° 
(170  mm.),  which  on  analysis  gave  the  following  numbers : — 

I.  0*1549  gram  substance  gave  01170  gram  HsO  and  0*3720  gram 
COg 
II.  0-1544  gram  substance  gave  0*1189  gram  H,0  and  03698  gram 

CO,. 

Found. 

t ' ^ 

L  II. 

C 65-49     65-32  per  cent. 

H 8*39      8-55 

0 2612     26-13 

As  this  operation  had  evidently  removed  a  considerable  quantity 
of  a  substance  containing  a  lower  percentage  of  carbon  than  the 
principal  constituent  of  the  oil,  it  was  thought  that  if  the  treatment 
with  potash  were  repeated,  a  pure  product  might  be  obtained.  The 
oil  was  therefore  again  dissolved  in  ether,  and  the  agitation  with 
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potash  continued  until  the  alkali  apparently  had  no  further  action 
on  it. 

The  product,  after  two  or  three  fractionations,  distilled  very  con- 
stantly at  21^—217^  (167  mm.),  aoid  gave  the  following  numbers  on 
analysis : — 

1.  0*1947  gmm  fiubstanoe  gave  0*1465  gramH,0  and  0*4718  gram 
CO.. 
ill.  01710  gram  substance  gave  0*1250  gram  HsO  and  0*4140  gram 

Found. 


£  a. 

•C 6604  6602  per  cent. 

H 8-36  812 

O 26-60  2586 

As  this  result  was  still  considered  unsatisfactory,  the  treatment  with 
potash  was  twice  more  repeated,  the  oil  being  redistilled  between 
each  operation.  Tbe.  resulting,  almost  colourless  oil  passed  over  for 
the  most  part  at  191 — 192°  (35  mm.).     Analysis  : — 

I.  0*2220  gram  substance  gave  0*1640  gram  n,0  and  0*5450  gram 

CO,. 
II.  01919  gram  substance  gave  0:1433  gram  H,0  and  0*4730  gram 
CO.. 
.III.  0*1756  gram  substance  gayeO'1285  gram  H|0  and  0*4320  gram 

CO2. 

Fonnd. 


Theory.  / ^ 

CuHnO,.  I.  IL  III. 

,C 67*34  66-95      6722      6709  p.  c. 

H 816  8*20        8-29        8*13    „ 

O. -24-49  24*85      24*59      24*78    „ 

^Further  treatment  with  potash  had  practically  no  effect  on  the 
ethereal  solution  of  this  substance,  as  the  pi*oduct  boiled  at  the  same 
•temperature,  and  gave  on  analysis  C  =  67*28,  H  =  8*21. 

In  order  to  test  further  the  composition  of  this  oil,  its  molecular 
weight  was  determined  in  acetic  acid  solution  by  Baoult's  method 
with  the  following  result : — 

Weight  of  substance 1*2680  grams. 

Weight  of  acetic  acid 51*07  „ 

M.  p.  of  acetic  acid 14*76*^ 

M.  p.  of  mixture 14*27° 

Depression  of  m.  p 0*49° 

Mol.  wt.  CjiHieO,.  Found. 

196  197 
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Although  this  substance  boils  so  constantly,  it  is  evident  from  the 
study  of  its  decomposition  on  hydrolysis  (see  p.  231)  that  it  mast 
consist  of  two  compounds,  having  their  boiling  points  either  iden- 
tical or  lying  very  near  to  one  another ;  the  second  substance  being 
present  in  very  small  quantity  only. 

I.  Ethyl  methyidihydropentene.  1  CH,'(j?  -^  CO-CH, 

methylketonecarboxylate, .  J  COOCflft'CH-CHa'CHi 
n.  Ethyl  methyidihydropentene- 1  CH,'C=CC00C»H5. 

dicarboxylate J  COOCtHs'CH-CHj-CH, 

This  oil  is  almost  colourless,  has  a  disagreeable  odour,  and  does  not 
solidify  when  cooled  to  0**.  It  is  almost  insoluble  in  water,  but 
readily  soluble  in  alcohol,  ether,  and  most  other  organic  solvents. 

Its  alcoholic  solution  does  not  give  any  coloration  with  ferric 
chloride,  although  the  crude  oil  before  treatment  with  pot^h  gives 
an  intense  violet  coloration. 

It  next  appeared  interesting  to  determine  the  nature  of  the  subk 
stance  which  had  been  removed  by  the  alkali  in  the  purification  of 
the  oil  CiiHifOs,  as  described  above. 

During  this  operation,  each  small  amount  of  potasli  which  was 
used  was  at  once  run  into  a  large  bottle  containing  excess  of  dijate 
sulphuric  acid,  in  order  that  the  excess  of  potash  might  have  no 
further  effect  on  the  dissolved  oil.  The  combined  extracts  were 
extracted  three  times  with  ether,  the  ethereal  solution  washed  once 
with  water,  dried  over  calcium  chloride,  and  evaporated ;  in  this  way 
a  considerable  quantity  of  a  dark-brown  oil  was  obtained,  which, 
in  alcoholic  solution,  gave  an  intense  violet  coloration  with  ferric 
chloride. 

As  this  oil  could  not  be  made  to  crystallise,  it  was  thought  that 
some  idea  as  to  its  constitution  might  be  obtained  on  examining  the 
products  formed  on  distillation  under  reduced  pressure.  On  gently 
heating  in  a  fractionation  flask  (under  a  pressure  of  100  mm.), 
decomposition  rapidly  set  in  with  abundant  evolution  of  carbon 
dioxide,  and  as  the  temperature  rose  a  yellow  oil  distilled  without 
farther  decomposition.  The  oily  distillate  was  mixed  with  ether, 
extracted  twice  with  dilute  potash,  to  remove  acid  substances,  and 
then  repeatedly  fractioned  under  a  pressure  of  100  mm.  In  this 
way  a  coloarless  oil  was  obtained  boiling  at  195 — 200^  (100  mm.), 
which,  on  analysis,  gave  the  following  numbers : — 

I.  0*1840  gram  substance  gave  0'1402  gram  HjO  and  0*4150  gram 

CO,, 
n.  0-1650  gram  substance  gave  0*1248  gram  HiO  and  0  3740  gram 
CO.. 
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Found. 

Theory.  t " n 

C„Hx804,  1.  II. 

C 61-68  per  cent.        61-45        61-81  per  cent.. 

H 8-41        „  8-47  8-28 

0 29-90        „  30-08        2991 

This  new  oomponnd  is  a  colourless  oil,  readily  soluble  in  ether  and 
alcohol,  sparingly  soluble  in  water.  Its  alcoholic  solution  gives  a 
violet  coloration  with  ferric  chloride.  A  clear  insight  into  the  consti- 
tution of  this  oil  is  obtained  from  the  study  of  its  behaviour  on  hydro- 
lysis, when  it  is  decomposed  into  acetovaleric  acid,  acetic  acid,  and 
small  quantities  of  methyldibydropentene  methyl  ketone  (see  page 
229).  This  behaviour  can  only  be  explained  on  the  assumption  that 
the  substance  is  ethyl  ow-diacetjl  valerate, 

CH,-C0-0H-C000,H5 

a  compound  which  would  readily  be  formed  by  the  disiillation  of 
ethyl  hydrogen  diaoetyladipate,  thus  : — 

CHs-COs^p„.ppr  .pxT  ^CO-CH,  _ 


'a. 


The  formation  of  ethyl  hydrogen  diaoetyladipate  can  be  explained 
on  the  supposition  that  the  crude  product  of  the  distillation  of  ethyl 
diaoetyladipate  still  contains  some  unchanged  substance,  and  that 
this,  on  shaking  with  potash*  is  partially  hydrolysed,  and  passes  into 
solution  as  ethyl  potassium  diaoetyladipate. 

In  order  to  test  this  supposition,  some  crude  ethyl  diaoetyladipate 
was  dissolved  in  ether  and  repeatedly  agitated  with  dilute  potash 
solution.  The  slightly  brownish  extract  was  run  into  dilute  sulphuric 
acid,  the  resulting  turbid  solution  extracted  with  ether,  and  the 
ethereal  solution  again  agitated  with  very  dilute  potash  solution. 
The  alkaline  liquid,  on  acidifying,  deposited  yellowish  oily  drops, 
which  were  extracted  with  ether.  The  ethereal  solution,  after  drying 
over  calcium  chloride  and  evaporating,  deposited  a  considerable 
quantity  of  a  thick,  brownish  oil.  This  oil  was  completely  soluble 
in  sodium  carbonate  solution ;  its  alcoholic  solution  gave  an  intense 
violet  coloration  with  ferric  chloride,  and  on  heating  in  a  small 
Wiirtz  flask  it  readily  decomposed  with  evolution  of  carbon  dioxide, 
and  formation  of  a  slightly  yellowish,  neutral  oil,  which  also  gave  the 
violet  coloration  with  ferric  chloride.  These  reactions  are  exactly 
similar  to  those  of  the  oil  which  was  deposited  on  acidifying  the 


Digitized  by  VjOOQIC 


PERKIN:  ETHYL  «aj-DUOETTLADIPATK  229 

alkaline  extract  of  the  product  of  the  disiillation  of  ethyl  diacetyl- 
adipate,  and  this  experiment  tends  to  strengthen  the  view  of  the 
formation  of  ethyl  diacetyWalerate  given  above.  That  the  crude 
substance  obtained  as  described  above  was  in  reality  ethyl  hydrogen 
diacetyladipate  is  rendered  the  more  probable  by  the  results  of  the 
following  analysis  of  a  sample  of  the  crude  product,  which  had  been 
dried  over  sulphuric  acid  in  a  vacuum  for  24  hours  : — 

0*1171  gram  substance  gave  0*2420  gram  GOi  and  00736  gram 
H2O. 

Theory. 
OisHigOe.  Found. 

C 55*81  per  cent.  5636  per  cent. 

H 6*97  „  6*99 

0 37*21  „  36-65 


Htdeolysis  op  Ethyl  Diacetylvalerate. 

In  studying  this  decomposition,  crude  ethyl  diacetylvalerate  (b.  p. 
190 — 210*  under  100  mm.)  was  mixed  with  an  excess  of  a  strong 
solution  of  potash  in  methyl  alcohol,  and  gently  boiled  on  a  water- 
bath  in  a  flask  connected  with  a  reflux  apparatus.  Hydrolysis  set  in 
rapidly,  the  liquid  became  brownish-coloared,  and  a  quantity  of 
potassium  carbonate  separated.  At  the  end  of  two  hours  the  alcohol 
was  distilled  off,  water  added,  and  the  alkaline  liquid,  which  smelt 
strongly  of  peppermint,  extracted  twice  with  ether.  The  ethereal 
solution,  after  drying  over  calcium  chloride  and  evaporating,  depo- 
sited a  small  quantity  of  an  oil  which  smelt  strongly  of  peppermint, 
and  which,  on  distillation,  passed  over  for  the  most  part  between 
185**  and  200**,  and  possessed  all  the  properties  of  methyldihydropen- 
tene  methyl  ketone. 

The  alkaline  solution  was  evaporated  on  a  water-bath  till  free  from 
alcohol,  mixed  with  a  considerable  quantity  of  water,  and  acidified 
with  dilute  sulphuric  acid.  The  small  quantity  of  a  dark-brownish, 
resinous  mass  thus  precipitated  was  filtered  off,  and  the  clear  filtrate 
extracted  repeatedly  with  ether.  The  ethereal  solution,  after  drying 
over  calcium  chloride  and  evaporating,  deposited  a  quantity  of  a 
brownish  oil  which  smelt  very  strongly  of  acetic  acid. 

On  purifying  this  by  fractionating  under  reduced  pressure 
(280  mm.),  a  small  quantity  of  a  very  acid  liquid  passed  over  below 
120^  which  was  readily  recognised  as  acetic  acid ;  then  the  thermo- 
meter rose  rapidly  to  240"^,  between  which  temperature  and  260"*  the 
greater  part  distilled.  On  refractioning,  an  oil  was  obtained  boiling 
at  250 — 253**  (280  mm.)  which,  when  cooled  in  a  freezing  mixture, 
solidified  to  a  mass  of  crystals.    These  were  freed  from  oily  impurities 
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by  spTeading  on  a  porous  plate,  remelted,  allowed  to  solidify,  again 
spread  on  a  porous  plate,  and  the  colourless  crystals  thus  obtained 
dried  over  sulphuric  acid,  and  analysed  with  the  following 
result : — 

01792  gram  substance  gave  0*1378  gram  HsO  and  03820  gram 
CO,. 

Theory. 

0Ha-CO[0Hjj40OOH.  Found. 

0 58'33  per  cent.  58' 14  per  cent. 

H 8-33        „  8-54 

0 33-33        „  83  32 

Acetovaleric  acid  thus  purified  melts  at  40 — 42^,  and  when  heated 
in  small  quantities  appears  to  distil  at  the  ordinary  pressure  without 
decomposition.  It  is  readily  soluble  in  water,  alcohol,  ether,  and 
most  other  organic  solvents.  Its  aqueous  solution  haa  a  decidedly 
acid  reaction,  and  gives  with  phenylhydrazine  acetate,  after  a  short 
time,  a  precipitate  of  an  oily  phenylhydrazine  compound. 

Acetovaleric  acid,  which  is  isomeric  with  a-ethyl-/3-aoetopropionic 
acid,  CB[,-C0-CH,-CH(0,H5)-C00H,  completes  the  series  of  w-aceto- 
carboxylic  acids  up  to  C9,  thus : — 

M.p. 

Pyruvic  acid,  CH,CO-COOH Oil 

Acetoacetic  acid,  CH,-CO-CH,-COOH. Oil 

Levulinic  acid,  CH,-CO-[CH,],-COOH 33° 

fti-Acetobutyric  acid,  CEU-CO-[CH,]a-COOH, .      Oil 
w^Acetovaleric  acid,  CH«-C0-[CH,]4-C00H  . .     40-42° 
iu.Acetocaproio  acid,  CH3-CO*[CHj]5-COOH  .     30° 

Salts  of  Acetovaleric  Acid. 

The  salts  of  this  acid  are  mostly  soluble  in  water.  For  the  follow- 
ing experiments,  an  aqueous  solution  of  the  acid  was  exactly  neutral- 
ised with  ammonia,  and  the  resulting  solution  of  the  very  readily 
soluble  ammonium  salt  employed.  Silver  nitrate  gives  a  white,  crys- 
talline precipitate  which  dissolves  readily  in  boiling  water,  and  crys- 
tallises out  on  cooling  in  beautiful,  colourless,  leafy  masses.  For 
analysis,  the  salt  was  collected,  well  washed  with  water,  and  dried 
over  sulphuric  acid  in  a  vacuum. 

I.  0-2516  gram  substance  gave  0*0980  gram  HaO,  0*3054  gram 

CO,,  and  0*1082  gram  silver. 
II.  0*2032  gram  substance  gave  0*0780  gram  H,0,  02476  gram 

COa,  and  0*0876  gram  silver. 
III.  0*2596  gram  substance  gave  0*1117  gram  silver. 
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Found. 

Theory.  , • ^ 

CyHuAgO,.  I.  II.  III. 

C 33-46  p.  0.  33-10    3323       —    p.  c. 

H 4-38    „  4-33      426       —      „ 

Ag 43-04    „  43-00    4306    43-02    „ 

This  silver  salt  is  very  stable,  and  not  readily  affected  by  light. 

Copper  sulphate  gives  no  precipitate  when  mixed  with  a  moderately 
dilute  solution  of  the  ammonium  salt.  On  boiling,  however,  a 
greenish- white  precipitate  separates,  which  has  a  crystalline  appear- 
ance. When  examined  under  the  microscope,  it  was  found  to  consist 
of  a  mass  of  minute,  transparent  spherules. 

HTDROLTStS  OF  THB   OiL  GuHmOs. 

In  order  to  obtain  some  clue  as  to  the  constitution  of  this  oil, 
its  behaviour  when  treated  with  alcoholic  potash  was  next  very 
carefully  investigated. 

52  grams  of  the  oil  (1  mol.)  was  dissolved  in  a  little  methyl  alcohol, 
heated  to  boiling  in  a  flask  connected  with  a  reflux  apparatus,  and  a 
solution  of  40  grams  of  pure  potash  (4  mols.)  in  methyl  alcohol  run 
in  drop  by  drop.  During  this  operation,  which  occupied  about  half- 
an  hour,  the  solution  became  brownish  and  deposited  a  quantity  of 
potassium  carbonate ;  as  soon  as  all  the  potash  solution  had  been 
run  in,  the  alcohol  was  quickly  distilled  off,  and  the  dark-coloured  oil 
which  was  precipitated  on  the  addition  of  water  extracted  three 
times  with  ether.  The  ethereal  solution,  after  well  washing  witti 
water,  drying  over  potassium  carbonate,  and  evaporating,  deposited 
19  grams  of  a  dark-coloured  oil,  which,  on  fractionating,  distilled  for 
the  most  part  between  180**  and  210",  leaving,  however,  a  consider- 
able quantity  of  a  thick,  oily  residue  of  high  boiling  point  in  the 
retort.  After  repeated  fractioning  in  a  Wiirtz  flask,  provided  with 
a  long  neck,  8  grams  of  oil  were  obtained  boiling  constantly  at 
191—191-6°  (Analysis  I). 

Analyses  II  and  III  were  made  with  a  different  preparation  which 
boiled  at  188— 190'  (720  mm.). 

I.  0-1680  gram  substance  gave  01473  gram  HsO  and  0*4771 

gram  GOt. 
II.  0-1868  gram  substance  gave  0-1665  gram  H,0  and  05293 

gram  GOs. 
III.  0-1668  gram  substance  gave  01458  gram  H,0  and  04709 
gram  COf 
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Found. 

Theory.  » * x 

C«H„0.  I.  II.  III. 

C 77-42  p.  0.  77-39    7722    7691  p.  c. 

H 9-68    „  9-74      9-90      972     „ 

O 12-90    „  12-87    12-88    13-37    „ 

This  substance  is  a  colourless,  very  volatile  oil,  possessing  a  pene- 
tTating  odour  of  peppermint.  It  is  readily  soluble  in  most  organic 
solvents,  insoluble  in  and  lighter  than  water.  It  combines  readily  with 
pheuylhydrazine  and  with  hydroxylamine,  forming  in  the  former  case 
an  oily  hydrazine  compound,  in  the  latter  case  a  beautifully  crystalline 
oxime. 

This  interesting  substance,  CgHisO,  is  identical  with  the  compound 
produced  by  the  action  of  dehydrating  agents  on  ftuc^i-diacetylbntane 
(see  next  paper). 

CH,CO-0H,-CH,-0H,-CH,-CO-CH,  =  CeHwO  +  HaO. 

When  treated  with  reducing  agents,  it  takes  up  4  atoms  of  hydrogen 
and  is  converted  into  an  alcohol,  CgHieO,  and  this  on  treatment  with 
hjdrogen  iodide  at  260**  yields  the  hydrocarbon  CsHh. 

Arguing  from  these  and  other  decompositions,  which  have  been 
fully  explained  in  the  introduction,  it  is  probable  that  the  constitution 
of  this  substance  is  represented  by  the  formula — 

CH,-C=CCO-CH, 
CH,-CH,CH,  ' 

which,  according  to  the  nomenclature  proposed  in  the  introduction,  is 
the  formula  of  methyldihydropentenfi  methyl  ketone. 

The  alkaline  liquors  obtained  in  the  hydrolysis  of  the  oil,  CuHieOst 
which  had  been  freed  from  methyldihydropentene  methyl  ketone  by 
extraction  with  ether,  as  described  above,  were  acidified  with  dilute 
sulphuric  acid,  and  extracted  10  times  with  ether. 

The  ethereal  solution,  after  washing  with  small  quantities  of  water 
till  free  from  alcohol,  deposited,  on  evaporation,  about  5  grams  of  a 
thick,  brown  oil,  which  even  after  long  standing  showed  no  signs  of 
cryst-allisation.  It  was,  therefore,  found  necessary  to  submit  this  crude 
product  to  some  process  of  purification,  and  after  numerous  experi- 
ments, the  following  method  was  found  to  give  the  best  results.  The 
crude  oil  was  mixed  with  half  a  litre  of  water,  heated  to  boiling,  and 
a  hot  concentrated  solution  of  barium  hydrate  added  until  the  liquid 
had  acquired  a  distinctly  alkaline  reaction.  The  excess  of  baryta  was 
removed  by  passing  a  stream  of  carbon  dioxide,  the  hot  solution  filtered, 
and  the  barium  carbonate  precipitate,  which,  owing  to  its  having 
carried  down  a  quantity  of  impurity,  was  distinctly  brownish,  was 
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well  washed  with  hot  water.  The  filtered  solution  was  acidified  with 
hydrochloric  acid,  extracted  10  times  with  ether,  the  ether  evaporated, 
and  the  residnal  oil  treated  a  second  time  with  barTta- water,  and 
again  extracted.  The  resulting  yellowish  oil  was  boiled  with  1  litre 
of  water,  filtered  from  a  little  dark  coloured  insoluble  matter,  and  re- 
peatedly extracted  with  ether.  The  ethereal  solution,  after  drying 
over  calcinm  chloride  and  evaporating,  deposited  about  12  grams  of  a 
yellowish  oil ;  this,  on  being  allowed  to  remain  for  some  days  over 
sulphuric  acid  in  a  vacuum,  deposited  crystals,  but  did  not  entirely 
solidify. 

The  crystals  were  roughly  freed  from  oily  mother  liquor  by  means  of 
a  vacuum  filter,  and  the  yellowish  semi-solid  mass  spread  on  a  porous 
plate  and  allowed  to  stand  for  two  weeks.  The  resulting,  almost 
colourless,  crystalline  product  was  then  readily  purified  by  reorystal- 
lisation  from  water,  with  the  aid  of  a  little  animal  charcoal ;  in  this 
way,  beautiful  glittering  needles  were  obtained,  which,  after  drying  at 
100**,  gave  the  following  results,  on  analysis  : — 

1.  01231  gram  substance  gave  0'0676  gram  H,0  and  0*2560 

gram  00^. 
II.  0-1843  gram  substance  gave  0*0894  gram  n,0  and  03848 

gram  GOs. 
III.  0-1540  gram  substance  gave  0*0845  gram  H^O  and  0*3180 
gram  COa. 

OHjOn^^kj-COOH  ^^?^^' 

C00H-6HCH,.(iH,         '  I.  II.  m. 

C 56-47  p.  c.  56-71  56*94  56*31  p.  c. 

H 5-88    „  6-04  5-39      6-09    „ 

0 37-65    „  37-25  37*67  3760    „ 

Methyldihydropentenedicarboxylic  acid  melts  at  188^.  It  is  readily 
soluble  in  hot  water,  alcohol,  and  acetone,  but  only  sparingly  in  cold 
light  petroleum,  benzene,  carbon  bisulphide,  and  chloroform.  This 
acid  usually  crystallises  from  water  in  long,  thin,  colourless  prisms, 
but  on  several  occasions  thick  groups  of  plates  have  been  obtained 
which  are  very  different  from  the  needle-shaped  crystals.  If  the 
needles  be  dissolved  in  boiling  water,  the  solution  crystallises  very 
rapidly  on  cooling,  whereas  the  hot  solution  of  the  plates  takes  one  or 
two  hours  to  crystallise.  Both  forms  give  the  same  melting  point,  and 
the  same  results  on  analysis,  bat  I  have  not  yet  succeeded  in  obtaining 
the  needles  from  the  plates  or  vice  versd. 
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Salts  of  Methyldihydropentensdicarhoxylic  Acid. 

Ammonium  Salt, — In  preparing  this  salt  the  pnre  acid  was  dissolved 
in  a  little  hot  water,  the  solution  rendered  slightly  alkaline  by  the 
addition  of  ammonia,  and  allowed  to  cool  over  sulphuric  acid  in  a 
vacuum.  This  salt  is  extremely  soluble  in  water,  and  if  the  solution 
is  allowed  to  evaporate  over  sulphuric  acid,  a  gelatinous  residue  is 
obtained. 

Normal  SHoer  Salt,  CeHgOiAgi. — If  silver  nitrate  in  considerable 
excess  is  added  to  a  faintly  alkaline  solution  of  the  ammonium  salt,  a 
heavy  white  precipitate  of  the  normal  silver  salt  is  thrown  down. 
This  was  collected,  washed  with  a  little  warm  water,  and  dried  over 
sulphuric  acid  in  a  vacuum.     Analysis : — 

I.  0*1579  gram  substance  gave  0*0355  gram  H,0  and  0*1450 

gram  COt. 
la.  0*1438  gram  substance  gave  0*0801  gram  kg. 

Theory. 

C^tPiA^^.  Found. 

C 25-00  per  cent.  24*89  per  cent. 

H 2*09        „  2*49 

Ag 56*25        „  55*70 

This  salt  darkens  very  readily  when  exposed  to  light.  When  heated 
it  decomposes  all  at  once,  giving  a  very  voluminous  mass  of  carbon 
and  silver. 

Hydrogen  Siher  Salt,  CsH^OiAg. — In  preparing  a  quantity  of  the 
normal  silver  salt  for  some  experiments,  the  mother  liquors  on 
standing  deposited  a  considerable  crop  of  fine  needles.  These  were 
collected,  washed  with  a  little  water,  dried  over  sulphuric  acid,  and 
analysed  with  the  following  results : — 

0*2001  gram  substance  gave  00594  gram  H,0,  0*254  gram  G0„ 
and  0*0798  gram  Ag. 

Theory. 
CgHfOfAg.  Found. 

0 34*66  per  cent.  34*22  per  cent. 

H 3*25        „  3*29 

Ag 38*99        „  39*88        „ 

This  salt  is  readily  soluble  in  hot  water.  The  solution  on  cooling 
deposits  a  mass  of  very  slender  needles.  The  same  salt  may  be 
obtained  by  adding  nitrate  of  silver  to  a  dilute  neutral  solution  of  the 
ammonium  salt,  filtering  off  the  slight  precipitate  which  forms,  and 
allowing  the  solution  to  stand  in  a  dark  place;  after  some  time  fine 
needles  of  the  hydrogen  silver  salt  separate.     The  tendency  to  form 
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this  salt,  even  in  nentaral  solntions,  is  so  great  that  it  was  found  ex- 
tremely difficult  to  prepare  a  specimen  of  normal  salt  pore  enoufj^h  to 
give  good  numbers  on  analysis,  most  of  the  analyses  showing  a 
deficiency  of  1  to  1*5  per  cent.  Ag. 

A  nentral  solution  pf  the  ammonium  salt  shows  the  following 
behaviour  with  reagents : — Copper  sulphate  gives  a  deep,  bluish-green 
precipitate,  which  is  very  sparingly  soluble  even  in  boiling  water. 
Lead  acetate  gives  only  a  slight  precipitate  in  the  cold ;  on  warming, 
the  solution  becomes  turbid  and  a  white  amorphous  salt  separates, 
which,  however,  dissolves  again  on  cooling.  Gadmium  chloride  gives 
no  precipitate. 

The  following  experiments  were  conducted  with  the  small  quantity 
of  acid  at  my  disposal. 

Action  of  Bromine  on  Methyldihydropenienedicarhoxylic  Acid. 

A  solution,  of  the  pure  acid  in  glacial  acetic  acid  seems  not  to  be 
acted  on  by  bromine  even  on  warming.  If,  however,  an  aqueous 
solution  of  the  acid  is  mixed  with  bromine  water,  decolorisation  takes 
place  in  the  cold.  On  evaporating  the  solution,  a  syrupy  residue  is 
obtained,  which  when  warmed,  rapidly  turns  black  and  gives  oft 
hjdrogen  bromide.  It  was  also  found  that  when  the  acid  was  first 
converted  into  the  chloride  by  means  of  PCU,  and  then  treated  with 
bromine  (as  recommended  by  Baeyer  (Annalen,  245,  162),  that 
addition  took  place  at  once;  but,  in  spite  of  several  attempts,  the 
dibrominated  acid  coald  not  be  obtained  in  the  crystalline  condition. 

Action  of  Hydrohromie  Add  on  the  Acid, 

Two  grams  of  the  pure  acid  were  heated  with  14  c.o.  of  hydro- 
bromic  acid  (sp.  gr.  1*65)  in  a  sealed  tube  for  4  hours  at  100**  and 
then  for  3  hours  at  120°.  On  opening  the  tube  mnch  carbon  dioxide 
escaped,  and  the  product  on  examination  was  found  to  consist  of 
an  almost  colourless  liquid  in  which  light-brown,  oily  drops  were 
suspended.  The  whole  was  extracted  with  ether,  the  ethereal  solution 
rapidly  washed,  dried  over  calciam  chloride,  and  the  ether  evaporated. 
The  residual,  light'brown  oil,  which  weighed  1'3  gram,  was  placed 
over  sulphuric  acid  in  a  vacuum,  and  then  analysed  with  the  following 
result : — 

01907  gram  substance,  heated  at  180°  for  4  hours  with  fuming 
nitric  acid,  gave  on  precipitation  with  AgNOs,  02164  gram  AgBr. 

TheoiT. 

CsHiiBr.  Found. 

Br 4908  per  cent.  48-22  per  cent. 
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It  is  extremely  probable  that  this  snbstanoe  is  methjlbromopenta- 
metbjlene,  formed  according  to  tbe  equation — 

CH..C=:C.COOH  _ 

COOH-CH-CH,-CH,  "^  " 

CH,.9H 9HBr 

CH,-CH.-CH,      ^         • 

The  substance  was  a  brownish  oil,  haying  an  odonr  somewhat  re- 
sembling that  of  trimethjlene  bromide.  On  standing,  it  became  darker 
and  darker,  and  ultimately  almost  black,  considerable  quantities  of 
hydrogen  bromide  being  evolved. 

Action  of  Sodiwn  Amalgam  on  the  Acid, 

Two  grams  of  the  pure  acid  were  dissolved  in  a  little  sodium  car- 
bonate, and  gradually  mixed  with  250  grams  of  3  per  cent,  sodium 
amalgam.  The  product  was  filtered,  acidified  with  sulphnric  acid, 
the  precipitate  collected,  and  recrystallised  from  water.  In  this  way 
beautiful  colourless  needles  were  obtained  which  melted  at  188**,  and 
possessed  all  the  properties  of  the  original  acid.  The  analysis  showed 
that  no  addition  of  hydrogen  had  taken  place : — 

01446  gram  substance  gave  00762  gram  H,0  and  0*2996  gram 
CO.. 

TheoiT. 

CrHio04.  Found. 

C 66*47  per  cent.  66*57  per  cent. 

H 5*88        „  5*85        „ 

0 87*65        „  87*68 

Further  experiments  on  the  action  of  reducing  agents  on  this  acid 
are  in  progress. 

Mbthtldihtobopbktenbmbthtlketonboxime. 

CH,C  =  C-C(NOH)-CH,. 
CHj'CHa'CHj 

In  order  to  prove  the  ketonic  nature  of  methyldihydropentene 
methyl  ketone,  its  behaviour  towards  hydroxylamine  was  carefully 
studied. 

Six  grams  of  the  pure  substance  dissolved  in  a  little  methyl  alcohol 
was  mixed  with  a  solution  of  5  grams  of  hydroxylamine  hydrochloride 
in  as  little  water  as  possible,  and  then  12  grams  of  pure  potassium 
hydrate  dissolved  in  methyl  alcohol  slowly  added.  After  standing  for 
24  hours  the  product  was  mixed  with  water,  gently  evaporated  to 
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expel  the  alcohol,  well  cooled,  and  then  rendered  faintlj  acid  by  the 
addition  of  dilnte  hydrochloric  acid.  A  considerable  quantity  of  a 
white,  crystalline  precipitate  separated,  which  was  collected,  well 
washed  with  water,  dried  on  a  porous  plate,  and  recrystallised  from 
light  petrolenm.  A  small  quantity  of  oxime  which  remains  dissolyed 
in  the  aqueous  liquors  may  be  obtained  as  a  thick  oil  by  extracting 
with  ether,  drying  over  calcium  chloride,  and  evaporating.  This 
solidifies  for  the  most  part  on  standing,  and  may  be  readily  purified 
by  leaving  it  in  contact  with  a  porous  plate  till  free  from  oily  mother 
liquor,  and  then  recrystallising  from  light  petroleum.     Analysis : — 

01301  gram  substance  gave  03290  gram  CO,  and  01118  gram 

H,0. 
01210  gram  substance  gave  105  c.c.  N ;  bar.  =:  759 ;  t  =  14°. 

Theory. 
CgHiaNO.  Found. 

C 6906  per  cent.  6896 per  cent. 

H 9-36        „  9-54 

N 10-07        „  10-31 

Methyldihydropentenemethylketoneoxime  crystallises  from  light 
petroleum  in  thick,  colourless  prisms  which  melt  at  85°.  It  is  readily 
soluble  in  alcohol,  ether,  and  most  other  organic  solvents,  also  in  acids 
and  alkalis. 

Heated  in  small  quantities  in  a  test  tube,  it  distils  with  only  slight 
decomposition  as  a  colourless  oil,  which  on  cooling  solidifies  com- 
pletely. 

Action  of  Bechmawtis  Mixture  on  Methyldihydropentenemethylketone' 

oxime. 

The  following  experiments  were  instituted  with  the  object  of 
proving  the  presence  of  an  acetyl-group  in  methyldihydropentene 
methyl  ketone. 

E.  Beckmann,  in  his  interesting  researches  on  intermolecular  change 
in  oximes,  has  shown  that  methylketoneoximes  under  the  influence 
of  various  reagents,  such  as  phosphorus  pentachloride,  concentrated 
sulphuric  acid,  acetyl  chloride,  and  especially  a  mixture  of  acetic  acid 
and  anhydride  saturated  with  hydrogen  chloride,  are  converted  into 
substituted  aoetamides,  and  these  when  submitted  to  hydrolysis  yield 
acetic  acid  and  the  corresponding  primary  amine,  thus :-~ 

R-C(N0H)-CH3  =  RNH-CO-CH, 
BNH-CO-CHs  +  H,0  =  RNH,  +  COOH-CH,. 

Acetophenoneoxiine  under  these  conditions  yields  acetanilide,  whilst 
methylpropylketoneoxime,    CsH7'(CHs)C!N0H,    is    converted    into 
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propylacetamide,  CHs'CO'NH-CsHt,  which  then  on  hydrolysis  yield 
acetic  acid  and  aniline,  or  propylamine  respecfcively.  This  reaction 
may  therefore  be  very  widely  employed  in  determining  the  composi- 
tion of  ketones. 

J^ethyldihydropentenemethylketoneoxime,  under  like  treatment, 
might  be  expected  to  yield  in  the  first  place  methyldihydropentene- 
acetamide : — 

CH3-Czzzz=CC(NOH)-CH3  ^  CH3:C=:C-NH-CO-CH3 

which  on  hydrolysis  would  then  yield  methyldihydropenteneamine, 
and  acetic  acid  : — 


CHa'C iC'NH'CQ'CHa 


X^~^Xr.  '+H,0  = 


CH3-C C-NH,  ^  CH3-C00H. 

Cj3.j'CHj|*CMa 

In  order  to  test  this,  9  grams  of  the  oxime  was  dissolved  in  90  grams 
of  glacial  acetic  acid,  20  grams  of  acetic  anhydride  added,  and  the 
mixture  saturated  with  hydrogen  chloride,  care  being  taken  that  the 
temperature  remained  below  30°  during  the  operation.  The  reddish- 
brown  solution  thus  obtained  was  heated  in  foar  sealed  tubes  at  100° 
for  two  hours,  the  resulting,  bluish-black  liquid  transferred  to  a 
beaker,  mixed  with  an  equal  bulk  of  water,  and  rendered  distinctly 
alkaline  by  the  addition  of  sodium  hydrate.  The  dark-coloured 
product,  which  contained  a  quantity  of  a  black  tarry  mass  in  suspen- 
sion, was  extracted  ten  times  with  ether,  the  ether  distilled  off,  and 
the  residual,  dark-brown  oil  submitted  to  rapid  distillation  in  a 
current  of  -steam.  The  strongly  alkaline  distillate,  containing  a 
minute  quantity  of  oil  in  suspension,  was  acidified  with  hydrochloric 
acid,  extracted  twice  with  ether,  rendered  alkaline  again,  saturated 
with  anhydrous  potassium  carbonate,  and  the  basic  substance  which 
was  precipited  as  an  oil  extracted  by  agitating  ten  times  with  pure 
ether.  The  ethereal  solution  was  dried  over  freshly  ignited  potassium 
carbonate,  filtered,  and  the  resulting  colourless  oil  carefully  fractioned, 
when  the  whole  passed  over  between  160  and  170°. 

After  repeated  fractionation  over  freshly  ignited  barium  oxide,  the 
new  substance  was  readily  obtained  pure,  boiling  constantly  at 
164 — 165°.     Th«  analysis  gave  th-e  following  results : — 

I.  01548  gram   substance  gave  03899  gram  CO,  and  01332 
gram  H,0. 
II.  01921   gram   substance  gave  04820  gram   CO,  and  01621 
gram  HyO. 
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Ta.  0*1317  gram  substance  gave  12  c.c.  N ;  bar.  =  740  mm, ;  ^  =  18. 
Ila.  0"1267  gram  substance  gave  lO'Sc.c.  N ;  bar.  =  741  mm. ;  f  =  18. 
III.  0*1626  gram  substance  gave  14*5  c.c.  N ;  bar  =  740  mm. ;  ^  =  17. 

Found. 

Theory.  ( * x 

CsHiaNO.  I.  n.  III. 

C 6906  p.  c.  68-79    6890       —    p.  c. 

H 9-86    „  9-55      937       —       „ 

N 1007     „  10*45     1005     10*25     „ 

This  substance,  CsHisNO,  is  a  colourless  oil  possessing  a  very 
pungent  and  disagreeable  odour,  closely  resembling  that  of  penta- 
methylenediamine. 

It  mixes  with  water  in  all  proportions  with  considerable  evolution 
of  heat,  and  it  is  also  soluble  in  most  organic  solvents.  With  acids, 
it  forms  readily  soluble  salts ;  the  platinochloride,  which  will  be  de- 
scribed further  on,  crystallises  from  water  in  magnificent,  orange- red 
prisms. 

This  base  is  isomeric  with  methyldiliydropentenemethylketone- 
oxime,  and  had  the  reaction  proceeded  normally,  it  should  have  the 
constitution — 

CHa'C C-NH-CO'CH, 

CH,-CH,-CH, 

From  its  method  of  purification,  and  especially  on  account  of  its 
powerful  basic  properties,  it  is  very  evident  that  this  formula  cannot 
possibly  represent  its  constitution.  Such  a  substance  would  on  dis- 
tillation with  dilute  sodium  hydrate  be  at  at  once  split  up,  yielding 
methyldihydropenteneamine  and  sodium  acetate ;  the  amides,  more- 
over, have  but  very  feeble  basic  properties ;  they  are  mostly  solid 
substances,  and  boil  at  very  high  temperatures  (capronamide, 
C«HmNO,  boils  at  255°).  It  is,  however,  extremely  probable  ihat  the 
first  step  in  the  formation  of  this  base  is  the  conversion  of  the  oxime 
into  methyldihydropenteneacetamide— which  then  undergoes  further 
intermolecular  change — being  converted  into  a  stable  base,  contain- 
ing two  5-ring8 ;  the  one  made  up  of  carbon-atoms  only,  the  other  con- 
taining four  carbon-  and  one  nitrogen-atoms ;  thus : — 

IBlatinocldcynde  cf  CgHisNO. 

This  magnificent  salt  is  readily  obtained  by  mixing  the  moderately 
concentrated  solution  of  the  base  in  hydrochlonc  acid  with  an  excess 
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of  platinnm  chloride.  The  solatioD  usually  remains  clear  for  some 
time,  but  ou  standing  beautiful,  orange-coloured  tufts  of  crystals 
appear.  After  24  hours  these  were  collected,  washed  with  water, 
recrystallised  from  this  solvent,  and  analysed  with  the  following 
results : — 

I.  2081  gram  substance  gave  0-0788  gi-am  H^O,  0-2140  gram 
CO,,  and  0-0586  gram  Pt. 
la.  0-1479  gram  substance  gave  4*3  c.c.  N  ;  ^  =  15® ;  bar. = 750  mm. 
II.  0-2957  gram  substance  gave  00839  gram  Pt. 
III.  0-1129  gram  substance  gave  0*0320  gram  Pt. 

Found. 

Theory.  t * ^ 

(C8H„N0)APtCl«.  I.  II.  III. 

C 27-95  p.  c.  2804  —         —    p.  c. 

H 4-08     „  4-20  —         —      „ 

N 4-08    „  4-32  —         —      „ 

Pt 28-24    „  28-16  2838  2835    „ 

This  salt  is  very  readily  soluble  in  hot  water,  moderately  soluble 
in  cold.  The  strong  solution  in  hot  water,  which  has  a  deep  orange- 
red  colour,  deposits  the  salt  on  cooling  in  magnificent,  red  crystals, 
of  the  following  forms : — 


The  crystals  dissolve  readily  in  boiling  absolute  alcohol,  forming  a 
light-yellow  solution;  on  cooling,  the  substance  crystallises  out  in  long, 
thin,  pale-yellow  needles. 

When  heated  in  a  tube,  the  dry  substance  decomposes  rapidly  at 
190 — 193**,  turning  perfectly  black  and  giving  off  a  quantity  of  gas. 

K&riot  Wait  Collegey 
Edinburgh, 
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XV. — tvwi'DicLcetylbutane, 

Bj  T.  Bhyheb  Marshall,  D.Sc,  and  W.  H.  Pbekin,  Jun.,  Ph.D. 

This  paper  which  is  a  oontinnation  of  the  preceding  one,  contains  a 
deficription  of  the  preparation  and  properties  of  the  following  sub- 
stances : — 

»«i-Diacetylbntane  . . .  CHs-CO-CCHal^-CO'CHj. 

Methyldihydropentene-  1  nH^-n              n-nn-flTTj 

metbjl  ketone J              CHaCHj-CHj 

Methylpentamethylene-  1  CH,-CH CH-CH(0H)-CH8 

methyl  carbinol J              CH,  •  CH,  -CHa 

together  with  the  iodide  and  acetate  of  this  alcohol. 

Methylethylpentamethyl-  1  CH,-CH CH-CHa-CHg 

ene J  6h,-CH,-CH, 

Methylethyldihydropen-     1  CH,-Czinz:^-CO-CH, 

tene  methyl  ketone..      J  CaHj-CH-CHa'CH, 

and  also  of  nameroas  other  substances  obtained  as  bye-products,  in 
the  preparation  of  the  above  compounds. 

uwi^Diacetylbutane,  CHs-C0[CH,]4-C0-CH,. 

Owing  to  the  ease  with  which  diacetylbutane  is  converted  into 
methyldihydropentene  methyl  ketone,  it  has  been  found  extremely 
difficult  to  prepare  this  substance  in  a  pure  state.  The  following 
method  has,   however,  on  two  or  three   occasions  been  used  with 


Five  grams  of  pure  ethyl  diacetyladipate  (prepared  from  the  am- 
monium compound,  p.  219)  were  dissolved  in  a  little  methyl  alcohol, 
mixed  with  a  slight  excess  of  a  strong  solution  of  pure  potash  in  methyl 
alcohol,  and  heated  to  boiling  on  a  water-bath  for  15  minutes.  The 
alcoholic  solution  was  filtered  from  the  precipitated  potassium  car- 
bonate, the  filtrate  mixed  with  twice  its  volume  of  water,  neutralized 
with  dilute  sulphuric  acid,  and  the  alcohol  distilled  off.  The  residue 
was  extracted  three  times  with  ether,  the  ethereal  solution  washed 
with  water,  dried  over  anhydrous  potassium  carbonate,  and  evapo- 
rated. The  resulting,  almost  colourless  oil,  after  standing  over  sul- 
phuric acid  in  a  vacuum  for  some  days  in  a  cold  place,  deposited  a 
quantity  of  flaky  crystals,  and  in  one  ease  solidified  almost  entirely. 
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These  crystals  were  freed  from  oily  irapnrities  by  spreading  on  a 
porous  plate,  and  in  this  way  a  beautiful,  colourless,  flaky,  crystalline 
mass  was  obtained,  which  on  analysis  gave  the  following  numbers  : — 

01380    gram    substance    gave  01220  gram   H,0   and  0*3410 
gram  COf 

Theory. 
0HjCO[CH.]4COCHa.  Found. 

C 67-60  per  cent.  67*39  per  cent. 

H 9*86        „  9-82 

0 22-64        „  22-79 

Diacetylbutane  is  a  colourless,  crystalline  substance  which,  when 
purified  as  above,  melts  at  about  43 — 44°.  It  is  readily  soluble  in 
almost  all  organic  sol  venial,  sparingly  so  in  water.  It  combines 
readily  with  hydrogen  sodium  sulphate,  with  phenylhydrazine,  and 
with  hydroxylamine,  forming  well  characterised  derivatives,  which 
were  not  prepared  in  any  quantity,  or  analysed  owing  to  the  difficulty 
experienced  in  obtaining  sufficient  pure  diacetylbutane. 

Under  the  influence  of  dehydrating  agents,  or  by  simply  boiling 
with  alcoholic  potash,  and  apparently  also  on  distillation,  diacetyl- 
butane undergoes  internal  condensation,  yielding  methyldihydro- 
pentene  methyl  ketone. 

CH3CO-[CH,]4-CO-CH,  =  CH,-(jJzi=(jJ-CO-CH,  ^ 

GH|*CH|*GHt 

Methyldihydropentene  methyl  ketone,         '  i  Y 

CHj'CHj'CHj 

This  substance  is  readily  obtained  by  the  action  of  strong  boiling 
alcoholic  potash  on  ethyl  diacetyladipate.  For  this  purpose  it  is  not 
necessary  to  use  pure  ethyl  diacetyladipate ;  the  crude  oil  which  is 
obtained  on  distilling  the  product  of  the  action  of  ethylene  bromide 
on  ethyl  sodioacetoacetate  with  steam,  as  described  in  the  previous 
paper,  answers  equally  well. 

The  quantities  most  conveniently  employed  are  the  following : — 

Crude  ethyl  diacetyladipate,  50  grams. 

Caustic  potash,  50 — 55  grams  (dissolved  in  the  smallest  quantity 
of  boiling  80  per  cent,  alcohol). 

The  ethyl  diacetyladipate  is  dissolved  in  an  equal  bulk  of  alcohol, 
heated  to  boiling  on  a  water*bath,  in  a  flask  connected  with  a  reflux 
apparatus,  and  one-third  of  the  potash  solution  run  in.  After 
boiling  vigorously  for  five  minutes,  another  third  of  the  potash  solu- 
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tion  is  added,  the  mixture  boiled  for  ten  minntes,  then  the  remaining 
potash  solution  added,  and  the  alcohol  at  once  distilled  off.  The 
dark-brown  product  is  mixed  with  sufficient  water  to  dissolve  the 
potassium  carbonate  and  other  potash  salts,  extracted  five  times  with 
ether,  the  ethereal  solution  washed  with  water,  dried  over  anhydrous 
potassium  carbonate,  and  evaporated.  In  this  way  a  yellowish  oil  is 
obtained  which  should  weigh  15  to  20  gprams.  On  distillation,  almost 
the  whole  of  it  passes  over  between  185  and  200''  as  a  colourless  oil, 
leaving  only  a  very  small  dark  residue  in  the  retort,  and  on  refrac- 
tioning  once  or  twice,  the  substance  is  readily  obtained  pure,  and 
boiling  constantly  at  191'  (760  mm.). 

The  numbers  obtained  on  analysis  agree  with  those  required  by  the 
formula  CsHitO. 

0'1344i  gram  substance  gave  '^0'1194  gv&m  H2O  and  0*3804  gram 
CO:^ 

Theory. 

CgHitO.  Found. 

C 77-42  per  cent.  7719  per  cent. 

H 9-68        „  9-87 

0 12-90        „  12-94 

Methyldihydropentene  methyl  ketone,  which,  by  this  method,  may 
be  obtained  in  a  state  of  great  purity  with  comparatively  little  labour, 
is  a  colourless,  mobile  oil,  possessing  a  most  powerful  odour  of  pepper- 
mint. 

A  series  of  carefully  conducted  experiments  have  shown  that  it  is 
identical  with  the  compound  obtained  by  the  hydrolysis  of  the  crude 
product  of  the  distillation  of  ethyl  diacetyladipate,  as  described  in  the 
foregoing  paper  (p.  231).  Both  these  substances  boil  at  the  same 
temperature;  they  possess  the  same  odour,  have  the  same  specific 
gravity,  and  give  the  same  products  on  reduction. 

As  it  was  very  important  to  be  certain  of  the  identity  of  the  two 
substances,  the  oxime  of  the  product  obtained  as  above  was  prepared 
and  compared  with  that  previously  obtained  from  the  other  com- 
pound, CbHisO  (p.  232)  ;  1  gram  of  the  pure  substance  was  dissolved 
in  methyl  alcohol,  mixed  with  a  dilute  methyl  alcoholic  solution  of 
0*7  gram  of  hydroxy lamine  hydrochloride  and  1'5  gram  of  potash, 
and  the  whole  allowed  to  stand  24  hours.  The  resulting,  colourless 
Rolution  was  mixed  with  an  equal  volume  of  water,  boiled  to  expel 
the  alcohol,  cooled  well,  and  acidified  with  dilute  sulphuric  acid. 
The  crystalline  precipitate  thus  obtained  was  collected,  well  washed 
with  water,  dried  on  a  porous  plate,  and  recry stall ised  from  light 
petroleum.  The  beautifully  crystalline  substance  thus  obtained  gave 
the  following  numbers  on  analysis  : — 
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I.  0-L733  gram  substance  gave  01490  gram  H|0  and  0*4395  gram 
CO,. 
II.  0-2677  gram  substance  gave  23*8  c.c.  N;    <  =  14°;   bar.    = 
744. 

Theory. 
OgHuNO.  Found. 

C 6906  per  cent.  6916  per  cent. 

H 9-36        „  9-54 

N 1007        „  10-30 

This  oxime  melts  at  85°,  is  readily  soluble  in  acids  and  alkalis, 
and  agrees  in  all  its  properties  with  the  substance  already  described 
in  the  last  paper  (p.  237). 

As  the  yield  of  methyldihydropentene  methyl  ketone  was  far  from 
that  which  should  have  been  obtained  theoretically,  it  was  thought 
that  interesting  results  might  be  obtained  by  examining  the  solution 
of  the  potassium  salts  from  which  the  above  ketone  had  been  ex- 
tracted. 

The  dark-brown  solution  was  evaporated  till  free  from  alcohol, 
acidified  with  dilute  sulphuric  acid,  and  extracted  several  times 
with  ether.  The  ethereal  solution,  after  drying  over  calcium  chlo- 
ride and  evaporating,  deposited  a  dark-brown,  acid-smelling  oil, 
which,  even  after  long  standing  over  sulphuric  acid  in  a  vacuum, 
showed  no  signs  of  crystallising.  In  order  to  purify  this  crude 
product,  it  was  dissolved  in  a  slight  excess  of  baryta-water,  the 
solution  heated  to  boiling,  and  treated  with  carbon  dioxide  until 
the  excess  of  baryta  had  been  removed.  On  filtering,  the  solution 
was  found  to  be  much  less  coloured,  whilst  the  barium  carbonate  pre- 
cipitated was  distinctly  brownish,  showing  that  a  considerable  quantity 
of  impurity  had  been  removed.  The  boiling  solution  of  the  barium 
salt  was  acidified  with  dilute  hydrochloric  acid,  well  agitated,  filtered 
from  a  small  quantity  of  resinous  matter,  and  after  cooling,  repeatedly 
extracted  with  ether.  On  drying  the  ethereal  solution  over  calcium 
chloride  and  evaporating,  a  dark-yellow  oil  was  obtained,  which,  after 
standing  for  some  days  over  sulphuric  acid  in  a  vacuum,  deposited 
erystals.  These  were  separated  from  the  oily  mother  liquor  as 
completely  as  possible  by  spreading  on  a  porous  plate,  and  then 
further  purified  by  recrystallisation  from  water. 

The  colourless  crystals  thus  obtained  gave  the  following  results  on 
analysis : — 

I.  0-2146  gram  substance  gave  01240  gram  H,0  and  0*4490  gram 
CO.. 
IL  0-1594  gram  substance  gave  00903  gram  H,0  and  0*3323  gram 
CO,. 
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CH,.0^^=0COOH  ^^^°^- 

COOH-tHCHs-CH,        '  £~  II. 

C 56-47  p.  c.  66-96        66-86  p.  c. 

H 6-88    „  6-26  6*29    „ 

0 37-65    „  36-78        36-85    „ 

This  acid  melts  at  188^,  and  is  evidentlj  identical  with  the  snb- 
stance  obtained  by  the  hydrolysis  of  the  oil  CuHisOs,  as  described  in 
the  last  paper.  The  formation  of  this  acid  by  the  hydrolysis  of  ethyl 
diacetyladipate  would  be  represented  by  the  following  equation  : — 

cSaS>OH-C*-™.OH<gg«=^_  +  SKOH  = 

Action    of  Beducing  Agents  on  Methyldihydropentene  Methyl  Ketone. 
Formation  of  Methylpentamethylene  Methyl  Oar&tno{, 

CH,-(jJH (j3H-CH(0H)-CH, 

CH,-CH,-CH, 

The  products  obtained  in  the  reduction  of  methyldihydropentene 
methyl  ketone  vary  remarkably  with  the  nature  of  the  reducing 
agents  employed ;  thus,  whereas  on  treatment  with  sodium  in  ethereal 
solution  methylpentamethylene  methyl  carbinol  results,  when  sodium 
amalgam  is  employed,  scarcely  a  trace  of  this  substance  is  formed. 
In  preparing  methylpentamethylene  methyl  carbinol,  20  grams  of 
the  ketone  was  dissolved  in  100  grams  of  ether,  the  solution  floated 
on  about  50  c.c.  of  water,  and  about  three  times  the  calculated  quan- 
tity of  sodium  very  gradually  added,  and  if  necessary  small  quantities 
of  water,  from  time  to  time,  the  flask  being  carefully  cooled  by  a 
stream  of  running  water.  As  soon  as  all  the  sodium  has  been  added, 
the  ethereal  solution  was  separated,  washed  with  water,  dried  over 
potassium  carbonate,  evaporated,  and  the  resulting,  thick,  colourless 
oil  submitted  to  fractional  distillation  under  reduced  pressure 
(55  mm.).  In  this  way  the  oil  was  readily  separated  into  two 
principal  fractions,  120—150**  and  230— 260'.  On  repeatedly 
refmctioning  the  lower  fraction  at  ordinary  pressures,  pure  methyl- 
pentamethylene methyl  carbinol  was  readily  obtained  as  a  colourless 
oil,  boiling  constantly  at  ISO"". 

Analyses. 
I.  0*1231  gram  substance  gave  0*1412  gram  HaO  and  03389  gram 
CO.. 
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II.  01631  gram  substance  gave  01814  gram  H^O  and  0*4487  gram 
CO.. 

CHa-CH Ch'^HCOH)  CHj  ^^^J^*^' 

iHjCHa-iH,                      '  £               n. 

C 7500  p.  c.  7608        7503  p.  c. 

H 12-50    „  12-74        12-35    „ 

0 12-50    „  12-18        12-62    „ 

Methylpentametbylene  methyl  carbinol  is  a  colourless,  moderately 
mobile  oil,  baving  a  strong  odour  of  menthol.  It  is  readily  soluble  in 
organic  solvents,  and  also  slightly  soluble  in  water. 

Methylpentamethylene  methyl  carbinol  yields  an  acetate  when 
treated  with  acetic  anhydride  (p.  249),  and  an  iodide  when  digested 
with  hydriodic  acid  (p.  249). 

In  order  to  demonstrate  the  existence  of  a  closed  chain  in  methyl 
dihydropentene  methyl  ketone,  it  was  important  to  show  clearly  that 
this  substance  on  reduction  is  only  capable  of  taking  up  at  the  most 
4  atoms  of  hydrogen.  As  methylpentamethylene  methyl  carbinol 
was  possibly  only  an  intermediate  product  of  the  reduction  of  the 
ketone,  experiments  were  made  with  the  view  of  reducing  this  alcohol 
still  further. 

Five  grams  of  the  pure  alcohol  were  mixed  with  200  grams  of  abso- 
lute alcohol,  heated  to  boiling  on  a  water- bath,  in  a  flask  connected  with 
a  reflux  apparatus,  and  then  20  grams  of  sodium  thrown  in  as  rapidly 
as  possible.  The  product  was  mixed  with  water,  the  alcohol  distilled 
off,  and  the  residue  extracted  with  ether.  The  resulting  oil,  on  dis- 
tillation under  reduced  pressure  (80  mm.),  distilled  at  119 — 120°,  and 
on  subsequent  fractioning  under  ordinary  pressure  at  178 — 181°,  and 
gave  the  following  numbers  on  analysis  : — 

01294  gram  substance  gave  0'1443  gram  HjO  and  03532  gram 

CO,. 

Theory. 
CgHijO.  Found. 

C 7500  per  cent.  74*44  per  cent. 

H 12-50         „  12-39 

0 12-50        „  13-17 

This  result  tends  to  show  that  methylpentamethylene  methyl  car- 
binol is  a  fully  saturated  sabstance,  not  capable  of  combining  further 
with  hydrogen,  a  fact  which  is  proved  conclusively  by  the  results  of 
the  experiments  on  the  action  of  hydriodic  acid  on  the  iodide  of  this 
alcohol. 

In  reducing  methyldihydropentene  methyl  ketone  in  a  moist  ethereal 
solution  with  sodium,  a  considerable  quantity  of  a  very  thick  oil  is 
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obtained,  which  boils  at  about  230 — 260°  (55  mm.).  Ar  it  was  thongbt 
that  the  examination  of  this  substance  might  lead  to  interesting 
results,  it  was  most  caref ally  f ractioned  several  times  under  a  pressure 
of  50  mm.,  after  which  the  greater  part  boiled  at  250 — 255° 
(50  mm.). 

Two  separate  preparations,  both  boiling  at  the  same  temperature, 
gave  the  following  results  on  analysis  : — 

I.  0-2572  gram  substance  gave  0'2615  gram  HiO  and  0*7230  gram 
CO,. 
II.  0*1568  gram  substance  gave  0*1574  gram  HtO  and  0*4410  gram 
CO,.  • 


Theory. 


Found. 


CijHaO,.  I.  II. 

C 7619  p.  c.  76*88  76*65  p.  c. 

H 11*11     „  11*29  1115    „ 

0 12*70    „  11*83  12*20    „ 

A  determination  of  its  molecular  weight  by  Raoult's  method,  using 
acetic  acid  as  a  solvent,  gave  the  following  results  : — 

Weight  of  substance 1*2890 

„         acetic  acid 50*17 

Melting  point  of  acetic  acid 15*74° 

„  mixture 15*33 

Depression  of  m.  p 0*41 

Molecular  weight,  CisHsgO,,  252.     Found,  244. 

This  substance,  which  appears  to  have  the  formula  CieHnOs,  is  a 
colourless,  transparent  syrup,  so  thick  that  a  test-tube  half  full  of 
the  syrup  may  be  inverted  for  some  time  without  the  substance  falling 
out.  It  has  a  decided  odour  of  menthol,  distils  at  the  ordinary  pressure 
with  slight  decomposition,  and  under  i*educed  pressure  (50  mm.) 
at  250 — 255°,  without  the  slightest  decomposition.  From  its  mode 
of  formation  and  general  properties,  it  appears  probable  that  this 
substance  has  the  formula — 

CH.-C=:C-(OH)C— C(OH)-HC CH-CH, . 

CM'i'CMi'CM,  M3C     CM3  CHa'CHa*  CM, 

being  a  condensation-product  derived  from  1  mol.  of  ethyldihydro- 
pentene  methyl  ketone,  and  1  mol.  of  methylpentamethylene  methyl 
ketone. 
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Reduction  of  Methyldihydropentene  Methyl  Ketone  hy  Sodium  Amalgani. 

During  the  first  experiments  on  the  redtiction  of  this  ketone, 
several   attempts   were  made    to    obtain  the    unsaturated    alcohol 

*V  I         ^       ^        'by  the  action  of  sodium  amalgam  on 

C  H  J*  C 1I3*  O  JSs 

dilute  alcoholic  solutions  of  the  substance. 

The  pure  ketone  was  dissolved  in  50  per  cent,  alcohol,  and  treated 
with  a  large  excess  of  1-^  per  cent,  sodium  amalgam,  the  oil  which 
soon  separates  out  being  kept  in  solution  by  the  addition  of  further 
quantities  of  alcohol.  The  product  of  the  reaction  was  a  very  thick 
oil,  which  on  fi^actioning  under  a  pressure  of  25  mm.  separated  into 
two  principal  fractions,  220 — 225**  and  250 — 260'',  scarcely  a  trace  of 
any  low  boiling  substance  being  obtained. 

Fraction  250 — 260**  (25  mm.),  which  was  a  very  thick,  slightly 
brownish  oil,  gave*  on  analysis  the  following  numbers  : — 

01800  gram  substance  gave  0*1703  gram  H3O  and  0*5086  gram  CO,. 

Theory. 

CicUmOs.  Found. 

C 76-80  per  cent.  7705  per  cent. 

H 10*40        „  10-51 

0 12*80        „  12*44 

A  determination  of  its  molecular  weight  by  Baoult's  method  gave 
the  following  results  : — 

Weight  of  substance 1*2797  gram. 

„         acetic  acid   49*14  „ 

Melting  point  of  acetic  acid 15*76° 

„  mixture 15*34'' 

Depression  of  melting  point 0*42^^ 

Molecular  weight  of  CwHjeOj,  250.     Found,  242. 

This  substance  is  evidently  the  pinacone  of  methyldihydropentene 
methyl  ketone,  and  its  constitution  must  therefore  be  represented  by 
the  formula — 

CH,-C==i==C(OH)C— C(OH)-C=rz=:C-CH, 
CHa*CH,-6H,  H.C    CH,       6h,-CH,-CH, 

The  fraction  220 — 225°  (25  mm.)  obtained  in  the  reduction  of 
methyldihydropentene  methyl  ketone  with  sodium  amalgam  gave  on 
analysis  numbers  agreeing  approximately  with  the  formula  GuHacO 
(i.e.,  CieHasOs  —  HjO),  and  it  is,  therefore,  probably  an  anhydride  of 
the  above  pinacone.     As  we  had  only  a  very  small  quantity  of  this 
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sabstance  at  our  disposal,  no  further  experiments  were  made  with  it. 
It  is  a  yery  thick,  slightly  brownish  oil,  haying  a  faint  odonr  of 
peppermint. 

Methylpentametkylene  Methyl  Oarhinyl  Acetate, 

CH,CH CH-OH(C,H,0,)-CH, 

CH,-CH,-CH, 

In  preparing  this  substance,  the  pure  alcohol  was  boiled  with  twice 
the  calculated  quantity  of  acetic  anhydride  on  a  reflux  apparatus  for 
two  hours,  the  acetic  acid  and  excess  of  anhydride  distilled  off,  and 
the  residual  oil  distilled  under  reduced  pressure. 

The  fraction  boiling  at  145—150°  (130  mm.),  gave  on  analysis  the 
following  numbers : — 

0*1531  gram  substance  gave  0*1459  gram  H,0  and  03960  gram  GO,. 

Theory. 
CioHigO].  Found. 

C 70-58  per  cent.  70*54  per  cent. 

H 10*60        „  10*59 

0 18*82        „  18*87 

This  acetate  is  an  agreeably  smelling  and  strongly  refracting  liquid, 
which  appears  to  distil  under  the  ordinary  pressure  without  decompo- 
sition. In  order  to  more  clearly  prove  its  constitution,  it  was  hydro- 
lysed  by  boiling  with  excess  of  standard  potash  solution  for  six  hours, 
and  the  amount  of  acetate  formed  determined  by  estimating  the 
amount  of  unused  alkali  present  in  the  solution  by  means  of  standard 
sulphuric  acid.  It  was  thus  found  that  1*349  gram  substance  on 
hydrolysis  neutralised  79*5  c.c.  of  standard  potash  solution,  1  c.c.  of 
which  was  equal  to  0*00597  gram  of  CH,'COOH.  This  corresponds 
to  35*1  per  cent,  of  CHs'COOH,  whereas  theory  requires  35*3  per 
oent. 

MetJiyl^peniamethylene  Methyl  Oarhinyl  Iodide  (Methyl-a-iodethyl- 

.       *v.  1       1  o^  CH.-CH CH-CHI-CHs 

pentamethylenel.2),  ^h^.ch..6h. 

Methylpentamethylene  methyl  carbinol  is  readily  attacked  by 
boiling  hydrochloric,  hydro  bromic,  and  hydriodic  acids,  with  forma- 
tion of  heayy  oils,  consisting  no  doubt  of  the  corresponding  chloride, 
bromide,  and  iodide  of  the  alcohol.  Of  these  the  latter  only  has  been 
prepared  in  quantity  and  examined.  It  is  best  obtained  by  boiling 
the  alcohol  with  an  excess  of  hydriodic  acid  of  sp.  gr.  1*96  for  about 
half  an  hour  on  a  reflux  apparatus.     The  product  is  mixed  with  twice 
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its  volume  of  water,  extracted  sevei'al  times  with  ether,  the  ethereal 
solution  washed  well  with  water  and  dilute  sodium  carbonate  solution, 
dried  over  anhydrous  potassium  carbonate,  and  evaporated,  the 
resulting  oil,  after  removing  free  iodine  by  shaking  with  mercury, 
being  purified  by  fractionation  under  reduced  pressure  (90  mm.). 
A  considerable  portion  of  the  substance  distilled  between  155  and  160'' 
(90  mm.),  and  gave  on  analysis  the  following  numbers: — 

0'2543  gram  substance  heated  with  nitric  acid  and  nitrate  of  silver 
at  180°  for  four  hours  gave  0*2460  gram  Agl. 


Theory. 
CsH^L 

53'21  per  cent.  52'26  per  cent. 


Theory. 

CsHuI.  Found. 

I 63-21 


This  iodide  is  a  colourless,  heavy  oil,  having  an  odour  strongly 
resembling  that  of  hexyl  iodide.  When  distilled,  even  under  reduced 
pressure,  it  undergoes  slight  decomposition,  with  formation  of  pro- 
ducts of  high  boiling  point ;  it  is  better  for  most  purposes,  therefore, 
to  use  the  crude  oil,  without  fractioning. 

Methylethylpentamethylene  (1.2),  i  I  *. 

In  preparing  this  interesting  substance,  methyl-«-iodethylpenta- 
methylene  was  heated  in  sealed  tubes  with  excess  of  the  strongest 
hydriodic  acid  and  a  little  amorphous  phosphorus  at  240 — 250°  for 
12  hours.  The  contents  of  several  tubes,  each  of  which  had  contained 
about  5  grams  of  the  iodide,  were  transferred  to  a  separating  funnel, 
allowed  to  stand  for  some  hours,  and  the  dark- coloured  aqueous 
liquid  separated  as  completely  as  possible  from  the  layer  of  hydro- 
carbon which  floated  on  the  surface.  The  residual,  limpid  oil,  after 
drying  over  potassium  carbonate  and  distilling,  passed  over  com- 
pletely between  120  and  130°,  and  after  repeated  distillation  over 
sodium  and  lastly  over  potassium  the  pure  substance  was  obtained 
boiling  constantly  at  124°.  The  analysis  gave  the  following 
numbers  :■ — 

I.  0-1313  gram  substance  gave  01708  gram  H,0  and  0*4136  gram 

CO2. 
II.  0*1100  gram  substance  gave  0*1435  gram  HaO  and  0'3465  gram 
CO,. 

Found. 

Theory.  / * v 

CgHi;.  L  IL 

C 8iS'71  p.  c.  85-91        85*71  p.  c. 

H 14*29    „  14*45        14*30    „ 
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A  determination  of  the  vapour-density  of  this  substance,  by  Victor 
Meyer*s  method,  in  aniline  vapour  gave  the  following  results : — 

0*042  gram   substance    displaced   8'5   c.c.   of    air ;    t  =  13°   C. ; 

bar.  =  755  mm. 
Molecular  weight  calculated,  118.     Found,  112. 

Methylethylpentamethylene  is  only  with  difficulty  attacked  by 
bromine ;  on  boiling  the  two  substances  together,  slight  action  takes 
place  with  evolution  of  hydrogen  bromide.  On  shaking  the  hydro- 
carbon with  fuming  hydrobromic  acid  (sp.  gr.  1"85)  even  for  days,  no 
appreciable  action  could  be  detected.  When  boiled  with  nitric  acid 
(sp.  gr.  1*16),  oxidation  rapidly  sets  in,  and  in  the  course  of  a  few 
hours  the  oily  layer  of  hydrocarbon  entirely  disappears  and  a  colour- 
less solution  is  obtained  from  which  no  definite  substance  could  be 
extracted. 


CO-CH, 
H, 


CH  "C C 

Etkylmethyldihyd/ropentene  Methyl  Ketone,  I         ZT  ' 

In  order  to  get  some  further  proof  of  the  constitution  of  methyldi- 
hydropentene  methyl  ketone,  several  experiments  were  made  with 
the  object  of  preparing  diethyldiacetylbutane, 

CH3-CO-CH(C2H5)-CH2-CH,-CH(aH,)-CO-CH„ 

and  studying  its  behaviour  towards  dehydrating  agents. 

A  short  time  since,  Dr.  Kipping  and  one  of  us  (this  vol.,  p.  29  et  seq.) 
prepared  diethyldiacetylpentane  by  treating  ethylic  ethyl acetoacetate 
with  sodium  ethylate  and  rrunethylene  bromide,  and  hydrolysing  the 
resulting  ethylic  diethyldiacetylpimelate,  thus : — 

^CO0cS!>^^^*^'^»  +  CHeBr,  = 

CoScfn  >C(C.HO-[CHJ..C(C,HO<ggJJ^^  +  2NaBr. 
liithjl  diethyldiacetylpimelate. 

CH,-CO-CH(C,H.)-[CH,],CH(C,H.)-CO-CH,  +  2K,C0,  +  2aH.0H. 

Blethyidiacetylpentane. 

In  endeavouring  to  prepare  diethyldiacetylbutane  by  substi- 
tuting ethylene  bromide  for  trimethjlene  bromide  in  the  above 
equation,  we  obtained  only  a  trace  of  substance  of  high  boiling,  which 
might  have  been  diethyl  diacetyladipate,  the  principal  product  of  the 
reaction  being  ethyl  butyrate. 
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We  then  experimented  on  the  action  of  ethyl  iodide  on  the 
disodium  compound  of  ethyl  diacetyladipate  in  the  hope  of  thus 
ohtaining  ethylic  diethyldiacetyladipate,  according  to  the  equation 

cSScfn  >CNa-CH,.CH,CNa<ggJH^  +  2C.HJ  = 

CO?C.T.>C(C.H*)-CH.CH,-C(CH.)<ggoC^,  +  2NaI. 

A  mixture  of  60  grams  of  crude  ethyl  diacetyladipate  and  60  grams 
of  ethyl  iodide  ^ere  slowly  added,  with  careful  cooling,  to  a  solution 
of  sodium  ethylate,  prepared  by  dissolving  97  grams  of  sodium  in  100 
grams  of  absolute  alcohol.  The  whole  was  transferred  to  a  soda-water 
bottle  and  heated  on  a  water-bath  for  12  hours.  The  alcohol  was  then 
distilled  off,  sufficient  water  added  to  dissolve  the  inorganic  salts,  and 
the  product  extracted  four  times  with  ether.  The  ethereal  solution 
was  washed  with  water,  the  ether  distilled  off,  and  the  residual  oil  at 
once  hydrolysed  by  boiling  with  alcoholic  potash,  the  same  quantities 
and  the  same  method  of  procedure  being  employed  as  in  the  case  of 
ethyl  diacetyladipate  itself.  As  soon  as  hydrolysis  was  complete  the 
alcohol  was  distilled  off,  water  added,  and  the  oil  which  separated 
repeatedly  extracted  with  ether.  The  ethereal  solution,  after  wash- 
ing with  water,  drying  over  anhydrous  potassium  carbonate,  and 
evaporating,  deposited  a  considerable  quantity  of  a  brownish  oil 
which,  on  distillation,  all  passed  over  between  200*  and  270**.  This, 
on  repeated  fractionation,  separated  into  two  fractions,  210 — 215"* 
and  250—256°,  the  latter,  however,  being  veiy  small. 

Fraction  210 — 215°  gave  the  following  results  on  analysis : — 

0-1199  gram  of  substance  gave  0*1149  gram  HiO  and  0'3376  gram 
CO.. 

Theory. 
CioHieO.  Found. 

C 78-94  per  cent.  78-74  per  cent. 

H 10-53        „  10-67 

0 10-63        „  10-69 

This  substance  is  evidently  ethylmethydihydropentene  methyl 
ketone,  formed  from  ethylic  ethyldiacetyladipate  according  to  the 
equation — 

COOO.B°>''(OA)-CH,<!H,-CH<«g-^t.  +  «0H  = 
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In  order  to  corroboi^ate  this,  the  substance  was  converted  into  its 
oxime.  4  grams  of  the  oil  were  dissolved  in  a  little  methyl  alcohol, 
and  mixed  with  4  grams  of  hjdroxjlamine  hydrochloride  dissolved 
in  a  small  quantity  of  water,  and  10  grams  of  pure  potash  dissolved 
in  methyl  alcohol.  After  24  hours,  the  alcohol  was  evaporated  by 
gently  warming  the  solution  on  a  water-bath,  the  residue  mixed 
with  water,  rendered  faintly  acid  by  the  addition  of  a  few  drops 
of  hydrochloric  acid,  and  repeatedly  extracted  with  pure  ether. 
The  ethereal  solution,  after  well  washing  with  water,  drying  over 
calcium  chloride,  and  evaporating,  deposited  the  oxime  as  an  oil 
which  showed  no  signs  of  crystallisation  on  standing  for  24  hours  over 
sulphuric  acid  in  a  vacuum.  The  analysis  gave  the  following  num- 
bers:— 

0*1286  gram  substance  gave  9*4  c.e.  N  ;  bar.  =  740  ra. ;  ^  =  13*'. 

Theory. 
CipHiyNO.  Found. 

N 8'38  per  cent.  8*40  per  cent. 

The  fraction  250 — 255**  appeared  to  consist  of  impure  diethyldi- 
acetylbutane,  but  the  quantity  obtained  was  so  small  that  it  was 
found  impossible  to  obtain  it  in  a  pure  state.  With  hydroxylamine  it 
gave  a  solid  dioxime. 

We  hope  to  be  able  to  prepare  this  interesting  substance  by  some 
other  reaction,  and  to  study  its  behaviour  with  dehydrating  agents 
with  a  view  of  proving  the  formula  given  in  this  and  the  previous 
paper  for  methyldihydropentene  methyl  ketone. 

Heriot  Watt  College, 

Edinburgh, 


XVI. — The  Action  of  Chromium  Oxy chloride  on  Nitrobenzene. 

By  G.  G.  Henderson,  B.Sc,  M»A.,  F.I.C,  and  J.  Morrow  Campbell, 
B.Sc,  Donaldson  Chemical  Scholar,  University  of  Glasgow. 

AccOBDiNQ  to  Citard  (Ann.  Chim.  Phys,  [5],  22,  218),  chromium  oxy- 
chloride  attacks  nitrobenzene  with  the  formation  of  a  brown,  amorph- 
ous solid,  C6H«(N03)(CrOsCl)3,  which,  when  treated  with  water, 
yields  chromium  chloride  and  ''  nitroquinone  ;*'  the  latter  is  said  to 
crystallise  from  hot  water,  in  which  it  is  readily  soluble,  in  shining, 
yellowish-brown  crystals  which  melt  at  232°,  and  sublime  on  further 
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heating  in  hrilliant,  yellow  plates.  The  same  observer  states  that 
from  nitrotolxiene  (a  mixture  of  the  isomerides),  when  similarly  treated 
with  chrominm  oxychloride,  he  obtained  **  nitrotoluqninone  "  in  the 
form  of  yellowish-brown  leaves  melting  at  237°,  and  with  properties 
resembling  those  of  "  nitroquinone."  Von  Richter,  however,  showed 
(Per.,  19, 1060)  that  the  snbstance  formed  by  the  action  of  chrominm 
oxychloride  on  nitrotolnene  at  abont  160°  is  not  a  qninone,  but  is  in 
reality  paranitrobenzoic  acid ;  whilst  from  nitrobenzene  he  obtained 
no  analogous  compound.  The  action  of  chromium  oxychloride, 
dissolved  in  glacial  acetic  acid,  on  nitrobenzene  was  investigated  by 
Carstanjen  (/.  fr,  Chem.  [N.F.],2,  51),  who  obtained  a  small  quantity 
of  white  crystals,  which,  from  preliminary  tests,  appeared  to  be  tri- 
chloronitrobenzoic  acid,  together  with  some  substance  of  such  ex- 
ceeding volatility  that  all  attempts  to  isolate  it  wore  unsuccessful. 
Its  vapour  was  intensely  irritating  to  the  eyes,  and  if  a  drop  of 
an  ethereal  solution  was  allowed  to  fall  on  the  skin,  it  caused  painful 
smarting. 

Jfitard's  process  is  the  only  one  by  which  nitroquinone  is  said  to  have 
been  prepared,  and  it  will  be  seen  from  what  is  quoted  above  that 
contradictory  resalts  have  been  obtained  by  other  observers.  We 
have,  therefore,  re-examined  the  action  of  chromium  oxychloride  on 
nitrobenzene  under  various  conditions  in  the  hope  of  settling  the 
question  one  way  or  another. 

Our  first  experiments  were  carried  out  in  the  way  described  by 
£tard,  that  is,  nitrobenzene  (carefully  purified  and  dried)  was  heated 
to  about  160°  by  means  of  an  oil-bath,  and  chromium  oxychloride 
was  added  drop  by  drop  from  a  tap-funnel.  The  proportions  used 
were  about  1  mol.  of  nitrobenzene  to  2  mols.  of  the  Oxychloride,  the 
former  being  in  slight  excess.  No  change  was  observed  until  a  small 
quantity  of  the  oxychloride  had  been  added,  and  then  a  sudden  and 
very  viulet  action  took  place,  the  whole  contents  of  the  fiask  being 
thrown  out  in  one  experiment,  and  the  flask  itself  broken  by  the  force 
of  the  explosion  in  another.  The  experiments  were  repeated  under 
altered  conditions,  chromium  oxychloride  being  gradually  added  to 
nitrobenzene  heated  to  temperatures  ranging  from  80*"  to  140°,  but  the 
result  was  always  the  same,  though  sometimes  we  observed  the 
presence  of  traces  of  the  volatile  irritating  substance  described  by 
Carstanjen. 

In  the  next  place,  nitrobenzene  (I  mol.)  and  chromium  oxychloride 
*(2  mols.)  were  carefully  mixed  at  the  ordinary  temperature  and  left 
to  stand  in  a  flask  placed  in  a  vessel  of  cold  water.  After  some  time  a 
sudden  and  violent  action  took  place,  and  the  flask  was  broken. 

We  failed  altogether  to  obtain  any  *^  nitroquinone  ''  by  any  of  the 
experiments  described,  though  they  were  many  times  repeated.     The 
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only  pi-oducts,  besides  the  volatile  substsmce  occasionally  formed, 
were  very  small  qnantities  of  a  brown  powder,  which,  on  treatment 
with  water,  yielded  amorphous  substances  which  could  not  be  crys* 
tallised,  and  the  analyses  of  which  gavB  no  concordant  results. 

Another  method  was  therefore  adopted.  A  50  per  cent,  solution  of 
chromium  oxychlonde  in  pure,  dry  chloroform  was  gradually  added  to 
a  similar  solution  of  nitrobenzene  in  a  flask  attached  to  a  reflux  con- 
denser. A  slow  fiction  began,  and  was  accelerated  by  heating  the 
flask  on  a  water-bath.  Fumes  of  hydrogen  chloride  were  given  off 
and  a  dark-brown  powder  slowly  separated,  though,  even  after  several 
hours'  heating,  the  reaction  was  not  quite  completed.  After  the  pre- 
cipitate had  settled  down,  the  chloroform  was  poured  off,  and  the 
precipitate  was  washed  with  dry  chloroform,  quickly  transferred  to 
stoppered  tubes,  and  dried  at  100°.  The  brown  powder  attracts 
moisture  with  great  avidity,  and  decomposes  almost  at  once  when 
exposed  to  the  air ;  it  also  seems  to  retain  traces  of  chromium  com- 
pounds.    Analysis  gave  the  following  results : — 

1'3145  -gram  substance  gave  0'5960  gram  CrsOs  and  1*0355  gram 

AgCl. 

CalcolAted  for 
C,Hs(NO,)  (CrO,Cl)s.  Found. 

Cr 29-10  per  cent.  3102  per  cent. 

CI 19*66        „  19-47        „ 

It  will  be  observed  that  the  percentage  of  chromium  found  is 
higher  than  that  demanded  by  theory,  but,  as  already  stated,  it  is 
difficult  to  free  the  substance  entirely  from  traces  of  chromium 
compounds  precipitated  with  it.  When  thrown  into  cold  water,  the 
compound  is  decomposed  with  evolution  of  much  heat  and  apparently 
with  escape  of  a  gas  (possibly  oxygen).  Chromium  chloride  and 
chromic  acid  are  found  in  solution,  while  an  almost  colourless, 
heavy  liquid  sinks  to  the  bottom  of  the  flask.  This  liquid  was 
separated,  washed  repeatedly,  first  with  dilute  caustic  soda  and  then 
with  water,  and  dried.  It  was  found  to  boil  at  206",  and  analysis 
showed  conclusively  that  it  was  nothing  but  nitrobenzene.  It  is 
difficdlt  to  explain  this  result,  but  it  seems  possible  that  nitroquinone 
is  formed  on  treating  the  solid  compound  with  water,  but  that  it  at 
once  decomposes  with  regeneration  of  nitrobenzene.  Various  attempts 
were  made  to  obtain  the  nitroquinone  presumably  formed,  but  without 
success. 

The  results  of  the  experiments  briefly  described  above  lead  us  to 
doubt  the  existence  of  fitard's  "  nitroquinone,"  but  part  of  our  work 
affords  a  possible  explanation  of  his  statements.  In  one  set  of 
experiments  we  used  a  quantity  of  nitrobenzene,  sold  as  pure,  without 
taking  the  precaution   of   specially  purifying  it.     When  chTOmium 
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oxychloride  was  added  to  an  excess  of  this  nitrobenzene  heated  to 
about  160°,  the  addition  of  each  drop  cansed  a  violent  reaction; 
quantities  of  hydrogen  chloride  were  evolved,  and  finally  an  almost 
solid  mass  was  formed  in  the  flask.  This  was  washed  repeatedly 
with  dry  carbon  bisulphide,  which  removed  a  considerable  quantity  of 
unaltered  nitrobenzene,  while  a  brown  powder  was  left  undissolved. 
When  thrown  into  water,  this  compound  was  decomposed  with  evolu- 
tion of  heat,  and  a  green  solution  was  obtained.  This  was  heated  to 
boiling,  and  excess  of  sodium  carbonate  added  to  precipitate  the 
chromium.  The  clear,  yellow  filtrate  was  evaporated  to  small  bulk 
and  acidified  with  hydrochloHc  acid.  On  cooling,  a  solid  crystallised 
out  in  the  form  of  pale-yellow  leaves  with  a  pearly  lustre,  which  melt 
at  238**.  When  heated  cautiously,  the  substance  sublimes  in  brilliant, 
almost  colourless  needles.  On  analysis  the  following  results  were 
obtained : — 

0'2646  gram  substance  gave  0-0726  gram  H,0  (=  0-00806  gram  H) 

and  0-4660  gram  CO,  (=  01276  gram  C). 
0*44  gram  substance  gave  30'8  c.c.  N  at  14"^  and  750  mm. 

Calculated  for 
C«H4(NO0COOH.  Found. 

C 60-29  per  cent.  50-11  per  cent. 

H 2-99        „  316 

N 8-38        „  8-50 

0 38-34        „  — 

This  result  was  confirmed  by  an  analysis  of  the  silver  salt,  which 
was  found  to  contain  38*99  per  cent.  Ag,  theory  demanding  39-05 
per  cent.     The  substance  was  therefore  paranitrobenzoic  acid, 

A  brown  chromium  compound,  similar  to  that  just  described,  was 
obtained,  but  in  much  larger  quantity,  when  a  50  per  cent,  solution  of 
chromium  oxychloride  in  chloroform  or  carbon  bisulphide  was  heated 
with  a  similar  solution  of  the  impure  nitrobenzene,  hydrogen  chloride 
being  evolved.  In  this  case,  however,  when  the  chromium  compound 
was  decomposed  with  water,  nitrobenzene  was  obtained  as  well  as 
paranitrobenzoic  acid,  and  in  proportionally  large  quantity.  On 
examining  the  so-called  pure  nitrobenzene  used  in  these  experiments, 
we  found  it  to  contain  a  considerable  amount  of  nitrotoluene,  and  it- 
is  evident  that  the  paranitrobenzoic  acid  was  produced  by  the  action 
of  chromium  oxychloride  upon  this,  and  not  from  the  nitrobenzene. 
Incidentally,  therefore,  we  have  confirmed  von  Richter's  results,  and 
perhaps  we  may  venture  to  make  the  suggestion  that  Etard's  "  nitro- 
quinone  "  was  really  paranitrobenzoic  acid,  produced  by  using  nitro- 
benzene containing  some  nitrotoluene. 

Ohemical  Laboratory^ 

University  of  Glasgow, 
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XVII. — Semithiocarhaztdes. 

By  Augustus  E.  Dixon,  M.D.,  Professor  of  Chemistry,  Qaeen's 
College,  Galway. 

In  a  previoas  commTinication  wliicb  I  had  the  honour  to  make  to 
this  Society  (Trans.,  1889,  55,  303),  I  called  attention  to  the  re- 
markable difference  which  exists  between  two  closely-related 
semithiocarbazides.  The       one,      phenylethylsemithiocarbazide, 

^^'^NH-NH-C  H  '  ^^'^^^^  ^7  Fischer  {Annalen,  199,  296)  is 
stated  as  melting  at  109 — 110° ;  whilst  the  other,  ethylphenylsemi- 

NH'C  H 
thiocarbazide,    CS<^g.^g.p  n-  ,  described  by  myself"  in  the  com- 
munication already  mentioned,  melts  between  121^  and  122°. 

On  referring  to  the  literature  of  the  subject,  with  a  view  to  ascer- 
tain whether  a  corresponding  difference  was  observable  between  the 
properties  of  other  isomeric  forms  of  this  class  of  compound,  I  found 
that,  with  the  exception  of  those  described  by  myself,  only  two  di- 
substitnted  semithiocarbazides  had  hitherto  been  recorded.  They 
are:    (1)  the  above-mentioned    phenylethylsemithiocarbazide,    and 

NH'C  H 
(2)  diphenylsemithiocorbazide,  CS<T^TT.jTg.p  -a  >  also  obtained  by 

Fischer  {Annalen,  190,  122).     A  third  has  since  been  added,  namely, 

phenylmethylsemithiocarbazide,  CS<^tt,jtjt.ptt  »  by  G.  v.  Briining 

(Annalen,  263,  5—14). 

The  immediate  object  of  the  present  investigation  was  to  ascertain 
the  reality,  or  otherwise,  of  the  supposed  isomerism  in  this  series,  by 
the  preparation  and  examination  of  other  compounds  of  this  class ; 
and,  if  established,  to  endeavour  to  trace  some  connection  between 
their  melting  points. 

The  semithiocarbazides  result  from  the  action  of  the  thiocarbimides 
on  the  substituted  hydrazines  ;  if  the  latter  are  monosubstituted,  the 
pi-oduct  is  a  disubstitution-derivative,  in  which  we  may  fairly  assume 
that  the  position  of  the  two  substituting  groups  is  fixed  and  determi- 
nate. 

If  we  represent  the  type  of  a  semithiocarbazide  by  the  general 

formula   (^S^-N-fr^NTI  '  ^^  ^^  that,  whilst  no  less  than  eight  different 
disubstitution-products    are  theoretically   possible,*  two,   at    most, 

SH 
*  If  the  type  be  ^^I^'^nH'NH  '  ^^^  iflomerideB  possible  are  twelve  in  number. 
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should  result  from  tbe  metliod  of  formation  alluded  to.  Thus  the 
combination  may  be  represented  as  occurring  eitber  according  to  the 
equations — 

(a.)  CS:N-R  +  R'NH-NH,  =  CS<5H5rflR' 

(a'.)  CS:NR'  +  RNH-NH,   =  CS<Jg.^jjj^ 
or 
(6.)  CSINR  +  R'NH-NH,  =  CS<5J^5rHa 

(6'.)  CS:NR'  +  RNH-NH,   =  CS<5Jg5g^ 

The  products  of  the  second  pair  of  reactions  would  be  identical :  that 
this  is  not  the  case,  and  therefore  that  these  equations  do  not 
correctly  represent  the  interaction,  will  be  shown  later  on. 

"M'TTD 

A  similar  type  of  compound,  CS<[To-o,jTg- ,  niay  also  result,  theo- 
retically, from  a  different  interaction  ;  but  in  this  case  also,  only  two 
members  of  similar  structure  would  be  formed. 

While  dealing  with  the  isomerism  of  the  semithiocarbazides,  I  have 
also  taken  the  opportunity  of  extending  our  general  knowledge  of 
this  class  of  compounds,  by  filling  in  some  of  the  vacant  places  in  the 
series.     The  results  are  recorded  below. 


Orthotolylthiocarbimide    and    Phenylhydrazine. — OrthotolylphenyUemx^ 

thiocarhazide, 

Phenylhydrazine,  dissolved  in  about  its  own  volume  of  diy  alcohol, 
was  mixed  with  the  quantity  of  orthotolylthiocarbimide  demanded  by 
the  equation — 

CH,-0.H4-NCS  +  CoH»-NH-NH,  =  CS<5J51nH-*S- 

The  substances  combined  energetically,  so  much  heat  being  evolved 
that  a  portion  of  the  alcohol  was  at  once  boiled  off.  On  cooling,  the 
mixture  set  to  a  brittle,  pink,  crystalline  mass,  which,  on  exposure  to 
air,  became  first  red  and  then  deep  green.  After  three  recrystallisa- 
tions  from  boiling  concentrated  alcohol,  the  substance  was  obtained  in 
vitreous  prismatic  crystals,  permanent  in  air,  and  which,  when  seen 
in  mass,  were  of  a  very  faint,  delicate,  pink  tinge. 

It  was  now  analysed,  with  the  following  results : — 

0*1868  gram,  burnt  with  copper  oxide,  and  copper  gauze  in  front, 
afforded  25-8  c.c.  nitrogen  at  12'  and  760  mm.,  or  N  =  16-39 
per  cent. 
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0*2l4f6  gram,  evaporated  to  dryness  in  a  nickel  cracibie  with 
sodium  hydroxide,  and  fnsed  with  potassium  nitrate*  gave 
01988  gram  BaSO^,  or  S  =  1273  per  cent. 

Calculated  for 
CuHuNsB.  Experiment. 

N 16-38  16-39 

S 12-46  12-73 

Orthotolylphenylsemithiocarbazide  melts  between  162'  and  163', 
with  evolution  of  gas.  It  is  nearly  insoluble  in  water ;  moderately 
jsoluble  in  boiling  alcohol,  son^ewhat  sparingly  iu  cold ;  soluble  also 
in  ether  and  sparingly  in  chloroform.  The  alcoholic  solution  is  not 
desulphurised  by  boiling  with  alkaline  lead  tartrate.  Silver  nitrate 
produces  a  white  precipitate,  which  on  the  addition  of  ammonia,  slowly 
darkens.  On  boiling  with  caustic  soda,  and  adding  solution  of  copper 
sulphate,  a  black  precipitat<e  forms,  but  no  cuprous  oxide  is  produced. 
The  substance  dissolves  in  concentrated  sulphuric  acid  giving  a  pure 
:azure-blue  liquid  resembling  ammoniacal  sulphate  of  copper  iu  colour. 
The  solid,  treated  with  a  drop  of  concentrated  nitric  acid,  gives  an 
intense  orange-red  colour,  with  evolution  of  gas.  Ferric  chloride, 
added  to  the  alcoholic  solution,  produces  a  blood-red  coloration,  and 
copper  sulphate,  an  intense,  dirty  green. 

Fhenylthiocarhimide   and    Orthotolylhydrazine. — Phenyli/rthotolylsemi- 

thiocarhazide. 

Warm  alcoholic  solutions  were  mixed,  containing  molecular  pro- 
portions of  phenylthiocarbimide  and  orthotolylhydrazine.  Almost 
immediately  glittering  prisms  began  to  separate,  and  in  a  few 
moments  the  mixture  solidified  to  a  carrot-coloured  mass,  which  on 
exposure  to  the  air,  slowly  changed  to  greenish- blue.  The  colour- 
change  is  merely  superficial,  as,  on  washing  with  a  little  alcohol,  the 
mass  became  white.     The  yield  is  quantitative. 

On  purification  by  repeated  crystallisation  from  boiling  alcohol, 
the  substance  was  obtained  in  long,  shining,  white  prisms,  of  a  pearly 
lustre,  melting  at  145 — 146°  with  simultaneous  copious  evolution  of 
.gas. 

The  following  results  were  obtained  on  analysis : — 

0-1858  gram,  burnt  with  CuO,  and  copper  gauze  in  front,  gave 
257  c.c.  nitrogen  at  14*5°  and  7596  mm.,  or  N  =  1622  per  cent. 

•  In  a  previous  communication  (Trans.,  1888,  63, 414),  I  mentioned  this  method 
as  the  one  regularly  employed  b^  Professor  Emerson  Reynolds  for  the  determina- 
tion of  sulphur  (and  halogens)  in  suitable  compounds.  The  process  is  easily  carried 
out,  and  affords  excellent  results  in  practice. 

T   2 
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0-2252  frr&m,  treated  with  NaOH  and  KNOj,  afforded  01989  granr 
BaSO*,  or  S  =  1214  per  cent. 

Calculated  for 
Ci4HifNaS.  Experiment. 

N 16-38  16-22 

S 12-46  12-14 

The  equation  representing  the  reaction  may  be  written  thus  : — 
C.H..NCS  +  CH,.C.H..NH-NH.  =  CS<g|:gf»(j^H^.cH.. 

PhenjlorthotolylBemithiocarbazide  is  almost  insoluble  in  water^ 
easily  soluble  in  hot  alcohol,  moderately  in  cold ;  and  freely  in  ether 
and  chloroform. 

The  alcoholic  solution  gives,  with  silver  nitrate,  a  white,  curdy  pre- 
cipitate, which  blackens  slowly  on  standing,  or  immediately  on 
addition  of  ammonia.  It  is  also  desulphurised,  but  very  slowly,  by 
boiling  with  alkaline  solution  of  lead  tartrate.  With  ferric  chloride, 
a  rich  mahogany-red  colour  is  produced.  The  substance  dissolves 
readily  in  boiling  caustic  soda;  on  addition  of  copper  sulphate  to  the 
hot  solution,  a  black  precipitate  separates,  but  no  cuprous  oxide  is 
formed.  The  solid,  dissolved  in  cold  concentrated  sulphuric  acid, 
yields  a  greenish-blue  solution;  with  concentrated  nitric  acid  an 
intense  orange-red  colour  is  produced,  with  evolution  of  gas.  Copper 
sulphate  gives  a  copious  dark  olive-green  precipitate,  which  blackena 
on  boiling. 

On  comparing  the  properties  of  the  two  compounds  just  described, 
it  is  evident  that,  although  in  the  main — as  might  perhaps  have  been 
expected — they  resemble  one  another  somewhat  closely,  still  the  wide 
difference,  17°,  between  the  melting  points  of  the  pure  substances  at 
once  shows  that  they  are  not  identical. 

For  convenience  I  here  append  a  comparative  table,  showing  some 
of  their  chief  points  of  difference — 


^<NHNHC«H,- 

Melting  point ••• 

les'' 

146° 

Solubility  in  hot  alcohol. . . . 

Moderately  soluble  .... 

Freely  soluble. 

Solubility  in  chloroform. . . . 

Moderately  soluble  .... 

Freely  soluble. 

Colour  with  HaS04 

Azui^  blue  ...f. ...... 

Alkaline  lead  solution 

Not  desulphurised  .... 

Very  slowly  desulphurised. 
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Methylthiocarhimide  and  Thenylhydraaine, — Methylphenylsemithiocarh- 

asside. 

Methjlthiocarbimide  and  phenylhjdrazine,  in  molecular  propor- 
tion, were  mixed  in  hot  alcoholic  aolntion;  the  odoar  of  the  thio- 

^arbimide  at   once   vanished,   and  on  concentration  tnfts  of   white  ^^ 

needles  separated,  which  were  washed  with  alcohol  and  recrystallised  KjS 

twice  from  dilnte  spirit.     Thns  pnrified,  the  product  forms  delicate,  ^j* 

3ilky  needles,  snow-white  in  colour,  and  melting  between  88*  and  89°.  f^ 

By  slow  crystallisation  from  dilnte  alcohol  at  the  ordinary  tempera-  K 

tnre,  the  substance  can  be  obtained  in  very  fine,   large,  trimetrio  ^ ; ' 
prisms. 

A  sulphur  determination  was  made,  with  the  following  result : —  »  -i 

0-3073  gram,  treated  with  NaOH  and  KNO„  afforded  02720  gram 

BaSOj,  or,  S  =  18-03  per  cent.  '     , 

Calculated  for  OsHuNjS,  S  =  17-69  per  cent. 

The  reaction  is  thus  formulated : — 

CH,-NCS  +  Cja.-NH-NH,  =  CS<55!Sh-C.H. 

-and  the  yield  amounted  to  68  per  cent,  of  the  theoretical. 

Methylphenylsemithiocarbazide  is  scarcely  soluble  in  cold  water, 
somewhat  soluble  in  hot ;  very  soluble  in  hot  alcohol,  moderately  in 
cold ;  soluble  in  ether,  and  freely  soluble  in  chloroform.  The  solu- 
tion is  not  desulphurised  even  on  prolonged  boiling  with  alkaline 
lead  tartrate.  The  solid  dissolves  in  cold  concentrated  sulphuric 
acid,  giving  a  rich  azure-blue  solution ;  another  portion  treated  with 
a  drop  of  strong  nitric  acid  is  vigorously  decomposed  with  evolution 
of  gas  and  production  of  a  deep  orange-red  colour. 

Ferric  chloride,  added  to  the  solution,  produces  a  deep  greenish- 
blue  colour,  the  mixture  becoming  after  some  time  brown  and 
turbid.  Copper  sulphate  gives  an  intense  deep-blae  colour,  not 
destroyed  by  boiling. 

In  a  paper  already  referred  to,  G.  v.  Briining  records  the  prepara- 
tion of  a  phenylmethylsemithiocarbazide,  obtained  from  phenylthio- 
carbimide  and  methylhydrazine  in  aqueous  solution :  this  substance 
is  stated  to  melt  at  143° ;  it  is  soluble  in  water  and  alcohol,  and  its 
aqueous  solution  is  decomposed  by  mineral  acids.  It  is  accordingly 
isomeric  with  the  methylphenylsemithiocarbazide  described  above. 
The  difference,  54°,  between  the  melting  points  is  very  remarkable. 
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EthijlthioearhimiJe  and   Orthotolylhydrazine, — EthylorthotolyUemithio^ 

carhazid^. 

Warm  alcoholic  solntions  of  ethyl thiocarbimide  and  orthotolyl- 
hydrazine were  mixed  in  quantities  required  by  the  equation : — 

The  mixture  became  deep-red,  and,  on  concentration  at  the  tempe- 
rature of  the  air,  crystals  separated.  The  latter,  when  collected  and 
pressed,  formed  a  deep  brownish-red  cake,  which,  on  washing  with 
alcohol,  became  pink.  When  reciystallised  twice  from  boiling 
alcohol,  in  which  it  is  freely  soluble,  the  substance  was  obtained  in 
slender,  white  needles,  having  a  very  faint  pink  tinge  and  melting 
between  129°  and  130^ 

A  sulphur  estimation  gave  the  following  result : — 

0-2551  gram,  treated  with  NaOH  and  ENOs,  afforded  0*2904  gram 

BaSOi,  or  S  =  15*65  per  cent. 
Calculated  for  CoHuNtS,  S  ==  15*32  per  cent. 

Ethylorthotolylsemithiocarbazide  is  almost  insoluble  in  cold  water ; 
Tery*  soluble  in  hot  alcohol,  rather  soluble  in  cold ;  and  freely  soluble 
in  ether  and  in  chloroform. 

With  silver  nitrate,  the  alcoholic  solution  gives  a  white  precipitate 
which  gradually  darkens  on  standing.  With  ammouiacal  silver  nitrate, 
a  yellow  precipitate  is  produced  which  soon  blackens ;  but  the  solu- 
tion is  not  desulphurised  by  boiling  with  alkaline  solution  of  lead. 
With  ferric  chloride,  a  clear,  reddish-brown  colour  is  produced,  and 
with  copper  sulphate,  an  intense  prussian-blue  which  darkens  on 
boiling.  The  substance  dissolves  in  sulphuric  acid  to  form  a  rich 
azure-blue  solution ;  and  in  concentrated  nitric  acid  with  effervescouce, 
giving  a  dark  brownish-red  colour. 

Allylthiocarbimide  and  Phenylhydrazine. — Alhjphenylsemithiocarhazide. 

AUylthiocarbimido  and  phenylhydrazine,  in  molecular  proportion, 
were  mixed  in  somewhat  dilute  alcoholic  solution.  The  mixture 
became  warm,  and  the  pungent  odour  of  the  oil  of  mustard  almost 
disappeared :  but  the  product  was  an  oily  liquid,  which,  even  after 
several  weeks,  showed  no  tendency  to  solidify. 

An  attempt  was  next  made  to  purify  the  product  by  suspending  in 
water  the  mercurial  derivative  (obtained  as  a  whitish,  curdy  precipi- 
tate by  adding  excess  of  mercuric  chloride  to  the  alcoholic  solution) 
and   treating  with  sulphuretted  hydrogen.     This  process  proved 
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niisatisfactory,  but  the  substance  was  eventnally  obtained  in  the  solid 
condition  by  the  following  method. 

The  base  and  thiocarbimide,  in  molecular  proportions,  were  sepa- 
rately dissolved  in  benzene,  and  then  carefully  mixed,  the  containing 
vessel  being  well  cooled  by  immersion  in  water.  After  allowing  the 
whole  to  stand  for  some  time,  the  reaction  was  completed  by  gently 
warming  on  the  water-bath.  At  the  end  of  a  week  the  product  had 
thickened  to  a  tarry-looking,  pulpy  mass,  which  was  washed  slightly 
with  cold  benzene,  and  pressed  between  folds  of  bibulous  paper. 
After  recrystallising  the  residue  twice  from  boiling  benzene  (in  which  it 
is  very  freely  soluble),  the  substance  was  obtained  in  the  form  of  a 
tangled  mass  of  long,  flexible,  silvery-white  needles,  melting  at 
118 — 119'  to  a  bluish-green  liquid.  The  needles,  on  bruising,  fall 
to  a  light,  white,  lustrous  powder,  which,  on  slight  friction  with  a 
spatula,  becomes  very  highly  electrical,  the  particles  scattering  in  all 
directions. 

The  formula  was  checked  by  a  sulphur  determination : — 

0-2166  gram,  treated  with  NaOH  and  KNOj,  afforded  02387  gram 
BaS04,  or  S  =  15*16  per  cent. 

Calculated  for  CS<J}^;g*^.*^  H  '  ®  =  ^^'^^  P®''  ^®^*- 

AllylphenyLsemithiocarbazide  is  soluble  in  water,  and  very  freely 
in  alcohol  and  ether.  It  dissolves  freely  in  hot  benzene,  moderately 
in  cold  ;  the  benzene  solution  is  precipitated  by  light  petroleum. 
The  alcoholic  or  aqueous  solution  is  blackened  at  once  by  ammoniacal 
silver  nitrate;  when  heated  with  alkaline  lead  solution,  the  liquid 
assumes  a  yellowish-red  colour,  but  is  scarcely  desulphurised  even  on 
prolonged  boiling.  The  addition  of  copper  sulphate  produces  an 
intense  indigo-blue  coloration ;  on  heating,  this  is  destroyed,  with 
production  of  a  black  precipitate.  Ferric  chloride  gives  a  clear, 
mahogany-brown  colour.  The  solid  acts  like  most  of  its  congeners 
with  sulphuric  acid,  the  concentrated  acid  dissolving  it  readily  with 
formation  of  a  rich,  deep  azure-blue  colour.  Strong  nitric  acid,  added 
to  the  solid,  attacks  it  violently,  the  mixture  becoming  an  intense 
orange-red. 

It  may  be  noted  here,  that  ethylphenylsemithiocarbazide  (Trans., 

1889,  65,  302),  although  it  reacts  like  the  preceding  compounds 

with  nitric  acid,  dissolves  in  concentrated  sulphuric  acid  without 

producing  any  colour-change ;  whilst  acetylphenylsemithiocarbazide, 

NH'CO'CH 
CS<^^.jr"n.Q  o   (ihid.,  303),  and  benzoylphenylsemithiocarbazide 

(ibid.j  304)  give  no  colour  reaction  with  either  acid.  The  two  latter 
compounds  react  with  ferric  chloride  and  copper  sulphate,  the  acetyl- 
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componnd  giying  with  ferrio  chloride  a  rich,  blood- red  colour,  and 
with  copper  sulphate  a  dirty-greenish  precipitate  ;  whilst  the  benzojl- 
derivative  produces  with  ferric  chloride  a  yellow,  and  with  copper 
sulphate  a  dirty  bottle-green  colour. 

In  order  to  ascertain  whether,  in  the  case  of  these  similarly-consti- 
tuted compounds,  Carnelley's  rule — that,  for  isomeric  compounds,  the 
greater  the  solubility  the  lower  the  melting  point — could  be  ex- 
tended, I  have  directly  determiued  the  solubilities  of  a  number  of 
the  semithiocarbazides  described  in  this  and  the  preceding  communi- 
cation, and  where  possible  tabulate  the  results. 

In  column  I  (below)  are  the  compounds,  arranged  in  pairs  for  the 
purpose  of  comparison.  Each  semithiocarbazide,  for  shortness,  is  re- 
presented only  by  its  substituting  groups,  the  first  of  which  indicates 
the  tbiocarbimide,  and  the  second  the  hydrazine,  with  which  the  for- 
mer is  combined.    Thus  PhTo,  for  example,  represents  the  compound 

NH*C  FT 
CS<^Tr,^jT.V;  ;n;  >  obtained  from  phenylthiocarbimide   and  tolyl- 

hydrazine. 

In  column  II,  the  melting  point  is  given,  corresponding  to  each 
substance ;  whilst  the  third  column,  III,  records  the  order  of  solubility 
of  each  pair,  the  more  soluble  being  marked  I,  and  the  less  soluble  2. 


I. 

II. 

III. 

I. 

II. 

ni. 

Compound. 

M.p. 

Order  of 
solubility. 

Compound. 

M.p. 

Order  of 
solubility. 

PhTo 

ToPh 

146^ 
168 

1 
2 

MePh 

EtPh 

89° 
122 

1 
2 

PhEt  

EtPh   ....... 

110^ 
122 

1 
2 

MePh 

PhTo 

89° 
146 

1 
2 

EtTo 

130° 
146 

1 
2 

MePh 

ToPh 

89° 
163 

1 

PhTo 

2 

EtTo 

180° 
163 

1 
2 

EtPh 

PhTo 

122° 
146 

1 

ToPh 

2 

EtPh 

EtTo 

122° 
130 

2 
1 

EtPh 

PhPh 

122° 
177 

1 
2 

MePh 

EtTo 

89° 
130 

1 
2 

AcPh 

BzPh 

179° 
over 
220° 

1 
2 

From  this  table,  which  includes  all  the  compounds  for  which  I  have 
sufficient  data  for  comparison,  it  is  evident  that  the  rule  holds  fairly ; 
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the  12  cases  presenting  only  a  single  exception,  namely,  the  ethyl 
phenyl  and  ethyl  tolyl  pair. 

A  certain  amonnt  of  connection  is  also  observable  between  the 
varioos  melting  points  and  the  corresponding  molecular  structure. 

Camelley  has  shown,  in  a  large  number  of  cases,  that  the  melting 
points  of  similar  compounds  are  connected  with  the  symmetry  or 
compactness  with  which  the  atoms  are  arranged  in  the  molecule  ;  the 
more  symmetrical  or  compact  molecules  exhibifcing  higher  resistance 
to  fusion  than  those  in  which  the  atoms  are  less  symmetrical  or 
compact. 

In  attempting  to  apply  this  hypothesis  to  the  semithiocarbazides, 
the  thiocarbonyl-group,  — CS — ,  may  be  regarded  as  a  kind  of 
nucleus  or  point  about  which  the  groups  are  balanced  in  the  struc- 
ture and  loading  of  the  molecule.  The  molecule  in  this  case  is 
symmetrical  as  regards  two  NH-groups ;  the  first  derived  from  the 
thiocarbimide,  and  the  second  from  the  hydrazine;  whilst  with 
respect  to  the  third  NH,  that  of  the  hydrazine,  it  is  unsymmetrical. 

This  symmetry  (or  want  of  it)  refers  only  to  the  nwmber  of  groups 
existing  between  the  simplest  radicles  at  the  extremities,  and  the 
thiocarbonyl  nucleus.  But  the  compounds  may  also  be  more  or  less 
symmetrical  with  respect  to  the  nature  of  the  terminal  radicles. 
Thus,  a  disubstitution-derivative  containing,  for  example,  two  aro- 
matic or  two  fatty  groups,  would,  cmteris  'paribus^  be  moi'e  sym- 
metrical in  this  sense  than  another  containing  one  fatty  and  one 
aromatic.  The  latter  kind  of  symmetry  may  be  referred  to  in  this 
connection  as  homogeneity ;  it  appears  to  influence  the  melting  point 
considerably.  Finally,  the  compounds  may  present  more  or  less 
symmetry  with  respect  to  distribution  of  weight  about  the  — CS — 
nucleus. 

NH'CH  •CH 
Thus,   if  the  isomeric  compounds  (a)  CS<j^it.jttj.q^'  and   (h) 

NH*C  TT 
CS<j^2.jTjT.rja;  .Qg^  ^©  considered  it  is  evident  that  the  group- 
symmetry  of  the  former  is  superior  to  that  of  the  latter.  In  a 
three  groups  balance  one  another  about  the  nucleus  ;  NH,  CH2,  and 
OH3,  against  NH,  NH,  and  CgHa;  while  in  b  there  are  but  two 
groups  on  one  side — NH,  CJlg — against  four  on  the  other — NH, 
NH,  CH„  and  CH,. 

a  Melts  at  122'' ;  b  at  110^ 

NH»C  H  'CH 
Similarly  the  molecule  CS<jq.2-.j^*jnr*Q  g'    is    more   symmetrical 

NH*C  H 
than  the  isomeric  CS<j^jnr.j^ji.ri  -q  .ph.*     ^^®  melting  point  of  the 

former  is  163^  ;  that  of  the  latter  146°. 

Digitized  by  VjOOQIC 


266 


DIXON:   SEMITHIOCARBAZroES. 


It  may  happen  that  two  molecules  are  equally  symmetrical,  as 
far  as  the  atomic  grouping  is  concerned,  no  matter  how  the  terminal 
radicles  are  arranged.  Here  it  would  seem  as  though  weigh t-symmetry 
was  the  factor  determining  the  relative  melting  points.     Thus,  in 

the  molecules  (c)  CS<gg:g'jJ'cH,  *''^  ('*>  CS<5;g:g5.c^^ 
there  are  no  open  chains  of  atoms  beyond  those  actually  forming  the 
semithiocarbazide  skeleton ;  and  if  the  C^Hs  group  be  regarded  as  a 
unit  playing  a  similar  part  to  CHj,  they  are  equally  symmetrical. 
But  not  so  with  respect  to  weighting ;  the  load  is  more  symmetrically 
distributed  in  c,  where  NH'CeHs  balances  NH'NH'CHj,  than  in  d, 
where  NH'CHs  on  one  side  is  opposed  to  NH'NH'CeHs  on  the  other. 
The  former  melts  at  144°,  the  latter  at  89°. 

A  similar  connection  between  fusibility  and  symmetry  or  homo- 
geneity appears  to  hold  also,  in  the  main,  in  the  case  of  c  the  com- 
binations of  a  given  hydrazine  with  various  thiocarbimides,  and  d 
of  a  given  thiocarbimide  with  various  hydrazines. 
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Thus  the  compound  of  phenylhydrazine  with  me^^yZthiocarbimide 
melts  at  89** ;  with  ef^Zthiocarbimide,  at  122° ;  with  jpAenyZthiocarb- 
imide,  at  177°.  The  latter  compoand  is  the  most  homogeneous 
possible  for  phenylhjdrazine,  and  accordingly,  in  the  next  compoand 
— with  tolyl — even  the  similarity  of  the  groups  and  the  increased 
molecular  weight  fail  to  raise  the  melting  point,  which  falls  to  103*". 
The  latter  compound,  while  equally  symmetrical  with  the  e^AyZ-deri- 
vative,  is  more  homogeneous ;  it  melts  41°  higher.  In  the  case  of 
aeetyU  and  &e7LsoyZ-phenylsemithiocarbazides  a  similar  behayiour  is 

shown.  The  former,  CS<^]^.'^2!cm '  °^^^*®  ^^  ^"^^^ '  ^  ^^^ 
latter  the  increased  homogeneity  (as  well  as  molecular  weight) 
makes  its  influence  strongly  felt :  this  compound  does  not  melt  at 
220°.  Tolylhydrazine  gives,  with  e^^yZ-thiocarbimide,  a  product 
melting  at  130*" ;  on  exchanging  the  ethyl-group  for  phenyl,  the 
melting  point  rises  to  146°.  Want  of  time  and  material  have  hitherto 
prevented  my  preparing  the  homogeneous  and  symmetrical  ditolyl- 
compound ;  but  it  will  probably  be  found,  when  obtained,  to  melt  at 
a  still  higher  temperature. 

The  semithiocarbazides  derived  from  phenylthiocarbimide  and 
various  hydrazines  show  a  like  connection.  The  me^^yZ-derivative 
melts  at  143°;  the  loss  of  group  symmetry,  without  any  counter- 
balancing gain  in  homogeneity,  tells  in  the  ethyl  compound,  which 
melts  at  110°.  The  homogeneous  diphenyl  reaches  177° ;  whilst,  just 
as  in  the  case  of  the  isomeric  compound  (ante),  the  ^oZyZ-derivative, 
notwithstanding  the  increased  molecular  weight,  fails  to  reach  the 
point  of  the  more  symmetrical  and  more  homogeneous  compound,  and 
the  melting  point  sinks  to  146* — a  fall  of  over  30**. 

The  compounds  of  ethylthiocarbimide  with  phenyl-  and  tolyl- 
hydrazines     respectively,    present     some    difficulty.      The    former, 

at  130*.  As  the  phenyl-derivative  is  more  symmetrical  than  the  tolyl-, 
it  might  have  been  expected  that  the  latter  would  have  been  the 
more  fusible.  I  am  unable  at  present  to  offer  any  satisfactory 
explanation  of  this  anomaly ;  it  is  worthy  of  note  that  this  pair  of 
compounds  also  exhibits  irregularity  as  regards  connection  of  solu- 
bility with  fusibility. 
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XVIII. — Note  on  a  Phenylic  Salt  of  PhenyUhiocarhamic  Acid, 

By  Augustus   E.   Dixok,    M.D.,    Professor  of   Chemistry,   Queen's 

College,  Galway. 

Phentlthiocarbimide  and  pnre  phenol,  in  molecnlar  proportion, 
were  heated  in  a  sealed  tube  for  two  hoars,  at  140 — 150**.  The  pro- 
duct, a  mobile,  brown  liquid,  smelling  of  both  constituents,  gradually 
deposited  small,  hard  crystals  ;  these,  after  being  well  washed  with 
alcohol,  pressed,  and  dried,  melted  between  149''  and  lbl°. 

A  determination  of  sulphur  was  made  with  the  following  result : — 

0*2145  gram,  treated  with  NaOH  and  KNO,,  afforded  0*2103  gram 

BaSO*, 
or,  S  =  13'48  per  cent. 

Calculated  for  ChHuNSO,  S  =  13*99  per  cent. 

The  interaction  is  thus  formulated  : — 

C,H,-NCS  +  CeH,-OH  =  CS<2.^' J*^^'. 

The  yield  is  very  small,  not  more  than  7  per  cent,  of  the  theoretical ; 
heating  for  four  hours  at  150°,  or  for  two  hours  at  200**,  reduced  it 
atill  further. 

Phenylic  phenylthiocarbamate,  obtained  as  above,  occurs  in  small, 
well-formed,  octohedral  crystals  resembling  sulphur  in  appearance 
and  colour. 

It  is  almost  insoluble  in  water,  but  dissolves  in  alcohol ;  the  alcoholic 
solution  gives  a  black  precipitate  with  ammoniacal  nitrate  of  silver, 
and  is  also  freely  desulphurised  by  warming  with  alkaline  lead 
tartrate.  On  heating,  either  alone,  or  with  caustic  soda,  it  is  readily 
decomposed  with  evolution  of  phenylthiocarbimide. 

It  is  right  to  add  that  all  the  experimental  work  in  connection  with 
the  present  communication  was  carried  out  in  the  Chemical  Laboratory 
of  Trinity  College,  University  of  Dublin.- 

Chemical  Laboratory ,  QueefCa  College^ 
Qalway, 
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XIX. — Behaviour  of  the  more  Stable  Oxides  ai  Sigh  Temperatures. 
(Part  I.)  Cupric  Oxide. 

By  G.  H.  Bailbt,  D.Sc,  Ph.D.,  and  W.  B.  Hopkixs,  the  Oweiw 

College. 

From  a  number  of  statements  which  occur  in  works  on  metallurgy, 
and  observations  made  on  changes  which  take  place  when  cupric 
oxide  is  exposed  to  high  temperatures,  it  is  quite  evident  that  under 
such  circumstances  there  is  a  loss  of  oxygen.  In  most  cases  the 
observer  has  contented  himself  with  stating  that  the  product  obtained 
is  cuprous  oxide,  without  giving  the  grounds  on  which  this  conclusion 
is  based.  On  the  other  hand,  however,  there  exist  records  of  experi- 
ments in  which  the  conditions  of  working  and  the  products  obtained 
are  carefully  described,  and  it  will  be  of  interest  in  regard  to  the 
results  arrived  at  by  us  to  give  a  brief  resume  of  the  investigations 
which  have  been  made  on  the  lower  oxides  of  copper.  The  earliest 
of  these  appeared  in  1845  (Compt.  rend.j  18,  658),  when  Favre  and 
Maumene,  by  heating  cupric  oxide  at  the  temperaturo  of  melting 
copper,  obtained  a  dark-coloured  substance  having  the  composition 
CU5O3.  Although  oxygen  was  given  ofE  freely  at  this  temperature,  it 
was  taken  up  again  at  a  cherry-red  heat. 

Yogel  and  Reischauer  (Jahresb.  Ghem,y  1859,  216)  obtained  cupi-ous 
oxide  by  heating  cupric  oxide,  and  Marchand  (/.  pr.  Chem.,  20,  505) 
found  that  on  exposing  cupric  oxide  in  a  mufSe  for  half  an  hour  at  a 
white  heat,  and  then  for  eight  hours  at  a  dull-red  heat,  the  product 
remaining  had  the  composition  CugO. 

Without  mentioning  the  many  well-known  reactions  in  which 
cuprous  oxide  is  formed,  it  may  be  remarked  that  Gladstone  and 
Tribe  (Chem.  News,  25,  193)  observed  it  as  a  yellow  coating  when 
a  copper-silver  couple  was  placed  in  a  solution  of  nitrate  of  copper. 
The  hydrated  oxides  prepared  by  Siewert  (Zeitschri/t  fur  Ghemie^ 
1866,  363),  Cn,0„2H20  and  Cu403,5H,0,  and  the  tetrantoxide,  Cu^O 
(hydrated),  of  Rose  {Ann,  Chem,  Phys.y  120,  1)  must  also  be  men- 
tioned. 

With  the  exception  of  Rose's  oxide,  all  these  may  be  classified  on 
the  assumption  that  they  are  derivatives  of  cuprous  and  cupric 
oxides : — 

Hose's  oxide CuiO 

Cuprous  oxide CujO  (and  cuprite). 

Favre  and  Maumne's  oxide  ....  20ajO,CuO. 

Siewcrt's  oxide  (a) Cu,0,CuO,2H,0. 

„      (b) CiiA2GuO,5HA 
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That  cuprous  oxide  is  obtained  when  oupric  oxide  is  exposed  in 
an  oxidising  atmosphere  at  a  moderate  temperature  seems  pretty 
conclusively  shown. 

Our  object  at  the  outset  of  this  investigation  was  to  examine 
whether  cuprous  oxide  is  the  ultimate  product  when  cupric  oxide 
is  exposed  to  high  temperatuires,  or  whether  by  using  higher  tempe- 
ratures a  further  loss  of  oxygen  took  place. 

Method  of  Experiment 

Finely-powdered  cupric  oxide  was  exposed  to  a  white  heat  in  a 
Fletcher  injector-furnace,  care  being  taken  to  preserve  an  oxidising 
atmosphere  during  the  course  of  the  experiment.  At  the  tempera- 
ture used,  fire-clay  crucibles  were  attacked  by  the  copper  oxide  with 
the  formation  of  a  fusible  slag,  so  that  in  most  of  the  experiments 
recorded  in  this  paper  recourse  was  had  to  lime  crucibles.  As  the 
temperature  rose  the  oxide  fused,  and  then  bubbles  of  gas  were  seen 
to  come  off  freely,  the  heating  being  continued — at  least  so  long  as 
there  appeared  to  be  any  gas  given  off. 

On  cooling,  a  yellowish-red  mass  was  obtained  hard  enough  to 
scratch  glass  quite  easily,  and  having  the  sp.  gr.  3*81.  A  thin  film  of 
black  oxide  with  which  it  was  coated  (and  which  evidently  formed 
during  the  process  of  cooling  down)  was  removed,  though,  indeed, 
it  was  so'  thin  that  it  could  hardly  have  affected  the  analytical  deter- 
minations. 

Analysis  of  Product, 

The  finely- powdered  oxide  was  analysed  by  reduction  in  a  stream 
of  dry  hydrogen,  the  water  which  was  formed  being  absorbed  in  a 
calcium,  chloride  tube  in  the  usual  manner,  whilst  the  weight  of 
copper  remaining  in  the  boat  afforded  a  check  on  the  results. 

Several  experiments  were  made,  the  time  during  which  the  oxide 
was  exposed  varying  from  one  to  three  hours.  In  all  cases  the 
product  obtained  had  the  same  properties  and  composition,  the  per- 
centage of  oxygen  being  always  found  to  fall  between  7  and  8  per 
cent. 

A  larger  quantity  was  now  prepared,  the  central  portion  of  which 
was  taken  for  analysis  so  as  to  be  sure  that  no  particles  of  lime  had 
found  their  way  into  it.  The  results  of  the  analysis  were  as  fol- 
low : — 

Substance  taken 0*615    gram. 

Waiter  obtained 0-0535      „ 

Copper      „         0-568        „ 

Copper  (by  difference) 0*5655      „ 
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The  percentage  oompoaition  calculated  from  these  numbers  agrees 
well  with  that  required  for  Gn«0  : — 

Fotmd.  Calculated. 

CJopper 92-36  92*23 

Oxygen 773  Til 

For  the  sake  of  comparison,  it  maj  be  stated  that  the  oxides  GuaO 
and  GuiO  contain  11*22  and  5*94  per  cent,  of  oxygen  respectively. 

Although  every  care  was  taken  to  preserve  an  oxidising  atmosphere 
in  the  furnace,  further  proof  was  deemed  desirable  that  the  loss  of 
oxygen  was  not  due  to  reducing  action  of  the  flame.  A  piece  of  hard 
lime  was  therefore  hollowed  out,  and  in  this  the  oxide  was  exposed 
to  the  oxy-hydrogen  or  rather  oxy-coal  gas  flame,  in  such  a  way  that 
only  the  extreme  point  of  the  oxidising  flame  was  allowed  to  play 
upon  it.  Fusion  took  place  as  before,  and  gas  was  observed  to  be 
g^ven  oft ;  when  the  evolution  of  gas  had  ceased  the  mass  was  allowed 
to  cool.  The  product  in  all  respects  resembled  that  obtained  in  the 
Fletcher  furnace,  and  where  it  came  in  contact  with  the  lime  there 
was  formed  a  bright  vermilion  coating  which  consisted  of  lime  and  a 
lower  oxide  of  copper,  but  which  was  not  farther  examined.  The 
results  of  two  determinations  were  : — 

I.  II. 

Substance  taken 0-564  0*494 

Water  obtained 0*045  0*042 

Copper       „        0*524  0*457 

Copper  (by  difference)  . . .  0*524  0*456 
We  have  thus  : — 

I.  II.  Caloulated. 

Copper 92-90  92*51  92*23 

Oxygen 709  7-55  7*77 

The  results  of  the  analysis  show  that  the  product  obtained  at  the 
higher  temperature  is  substantially  the  same  as  that  obtained  at  the 
lower,  and  that  it  therefore  maintains  a  constant  composition  within 
a  fairly  wide  range  of  temperature,  the  limits  of  which  we  consider 
are  approximately  1500°  and  2000°  C. ;  at  any  rate  platinum  readily 
fuses  at  the  higher  temperature  used.  From  this  it  appears  that  as 
the  oxides  of  smaller  stability  give  up  oxygen  at  moderate  tempera- 
tures, so  the  more  stable  oxides,  such  as  oxide  of  copper,  are  trans- 
formed into  lower  oxides  at  higher  temperatures  without  the  inter- 
vention of  any  reducing  agent.  Furthermore,  as  the  evidence  of 
several  experimenters  seems  conclusive  that  cuprous  oxide  is  obtained 
when  a  dull- red  heat  is  used,  there  is — especially  if  we  include  Rose's 
oxide — an  indication  that  the  points  of  stability  occur  at  definite 
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stages  in  the  process  of  transformation  into  the  lower  oxide,  since  we 
have  the  series  Cn40,  CuaO,  Cu20,  CuO.  And  although  our  object 
in  this  research  is  rather  to  accentuate  the  behaviour  of  oxides  when 
exposed  to  high  temperatures,  it  does  seem  as  though  sufficient  evi- 
dence existed  for  the  assumption  that  CusO  may  be  regarded  as  a 
definite  oxide  of  copper,  especially  when  its  properties  as  given  below 
are  taken  into  consideration. 

Action  of  Reagents  on  CusO. 

Even  when  reduced  to  the  finest  state  of  division  in  an  agate 
mortar,  the  oxide  is  entirely  unacted  on  by  concentrated  (or  dilute) 
mineral  acids ;  even  aqua  regia  and  boiling  concentrated  sulphuric 
acid  are  without  action.  Hydrofluoric  acid,  however,  slowly  attacks 
it  with  the  formation  of  a  blue,  crystalline  fluoride  of  copper  wbich 
has  not  been  further  examined.  The  only  method  by  which  we  were 
able  to  bring  the  oxide  into  solution  for  the  purpose  of  confirming 
the  analysis  by  an  entirely  different  process  was  to  fuse  it  with 
caustic  potash,  in  which  it  dissolved  with  a  blue  colour,  and  from 
which  it  separated  again  on  the  addition  of  water  in  flocculent,  brown 
particles.  This,  dissolved  in  sulphuric  acid  and  titrated  with  potas- 
sium permanganate,  was  found  to  contain  9*8  per  cent,  of  oxygen,  a 
result  falling  about  midway  between  CusO  and  CutO  ;  it  was,  however, 
to  be  expected  that  some  oxidation  would  take  place  in  the  process  of 
fusion  and  extraction  with  water;  in  spite  of  this,  however,  the 
product  contained  less  oxygen  than  GuaO. 

It  would  be  interesting  to  analyse  a  number  of  samples  of  native 
cuprite  in  order  to  see  if  they  yielded  any  indication  of  exposure  to 
temperatures  such  as  were  used  in  these  experiments.  We  are  con. 
tinning  the  work  and  proceeding  with  the  examination  of  other  oxides, 
and  have  indeed  already  obtained  evidence  that  litharge,  sesquioxide 
of  bismuth,  and  vanadic  acid  lose  oxygen  in  the  same  way  as  cupric 
oxide. 


XX. — The  Influence  of  different  Oxides  on  the  Decomposition  of  Potas-- 

stum  Chlorate, 

By  G.  J.  FowLEK,  M.Sc,  and  J.  Grant,  the  Owens  College. 

As  several  x^pers  have  recently  appeared  on  this  subject,  it  will  be 
well  to  give  some  account  of  the  origin  and  scope  of  the  present 
work. 

More  than  a  year  ago  some  experiments  were  made  in  this  labor- 
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atory  by  J.  Paul  with  a  view  to  prepare  pure  oxygen  from  potassium 
chlorate.  It  was  found  that  if  the  oxygen  evolved  was  filtered 
through  glass  wool,  before  being  collected  over  mercury,  the  latter 
remained  quite  clean  on  the  surface  when  the  gas  was  babbled 
through  it.  Potassium  chloride  in  considerable  quantity  was  found 
in  the  glass  wool,  and  no  chlorine,  or  the  merest  trace,  was  evolved. 
It  was  found,  however,  that  when  silica  or  powdered  glass  was  mixed 
with  the  chlorate,  chlorine  was  given  ofE  in  appreciable  quantity.  If, 
therefore,  chlorine  was  g^ven  off  at  all  on  heating  pure  potassium 
chlorate,  as  some  observers  believed,  its  evolution  appeared  to  be  due 
to  the  action  of  a  large  surface  of  glass  on  the  fused  salt. 

A  few  preliminary  observations  were  then  made  on  the  efPect  of 
other  substances,  chiefly  oxides,  on  the  decomposition  of  potassium 
chlorate.  The  results  obtained  at  that  time  seemed  to  be  of  sufficient 
interest  to  warrant  a  fuller  inquiry.  The  work  was  therefore  re- 
sumed later  on,  and  a  large  number  of  experiments  were  made. 

Since  the  beginning  of  the  work,  papers  have  been  published  by 
Hodgkinson  and. Lowndes,  McLeod,  and  others  which  have  added 
oonsidrrHble  intei-est  to  the  question.  These  experimenters  have  con- 
lined  themselves  chiefly  to  the  action  of  manganese  dioxide  on  potas- 
sium chlorate  under  different  conditions.  Hodgkinson  and  Lowndes 
have  examined  the  effects  of  other  oxides  to  some  extent,  and  have 
anticipated  some  of  the  results  recorded  in  this  paper.  Their  con- 
clusion with  regard  to  the  action  of  manganese  dioxide  on  potassium 
chlorate  is  as  follows  (Chem,  News,d9j63)  :  "  The  manganese  dioxide  is 
alternately  reduced  and  reoxidised  by  the  potassium  chlorate,  but  only 
in  exceptional  instances  is  the  reoxidation  complete.  This  reduction  in 
a  strongly  oxidising  atmosphere  is  probably  dne  to  the  atomic  attrac- 
tion of  the  oxygen  ;  the  oxygen-atoms  in  the  chlorate  and  the  dioxide 
pull  at  each  other,  and  the  force  of  attraction,  combined  with  the 
decomposing  effect  of  the  temperature,  is  sufficient  to  break  up  both 
compounds."  This  theory,  however,  scarcely  accounts  for  the  evolu- 
tion of  chlorine  which  inevitably  accompanies  the  oxygen. 

McLeod  (Trans.,  1889,  56,  184)  comes  to  the  conclusion  that  the 
manganese  dioxide  attacks  the  chlorate,  forming  potassium  per- 
manganate and  liberating  chlorine.  The  KMnO*  decomposes  by  heat 
into  K|Mn04,  MnOs,  and  Of  The  KaMuOi  is  decomposed  by  fresh  chlo- 
rine into  KCl,  MnOi,  and  0|,  so  that  only  a  little  chlorine  is  evolved 
and  the  manganese  dioxide  is  constantly  regenerated.  If  the  evolu- 
tion of  chlorine  is  prevented  by  the  addition  of  sodium  carbonate, 
the  oxygen  is  evolved  at  a  much  higher  temperature.  McLeod's 
theory  of  the  action  then  is  purely  chemical. 

Reference  is  made  in  McLeod's  paper  to  work  done  by  Baudrimont 
{Jimm,  Fkann.  [4],  14^  1871,  81,  161).     This  chemist  has  investi- 
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gated  the  action  of  a  n  amber  of  oxides  on  potassinm  chlorate, 
notably  manganese  dioxide  in  yarioas  conditions,  ferric  oxide,  and 
copper  oxide,  the  temperature  of  evolution  and  the  amount  of 
chlorine  evolved  being  noticed  in  each  case.  Baudrimont  looks  upon 
the  action  of  manganese  dioxide  as  being  difFerent  from  an  ordinary 
chemical  reaction,  and  speaks  of  it  as  an  action  by  contact  or 
presence,  or  as  a  catalytic  action  similar  to  the  action  of  silver  or 
platinum,  silver  oxide,  or  manganese  dioxide  on  hydrogen  peroxide. 
It  should  be  mentioned  that  in  a  dificnseion  on  Baudrimont's  paper 
(loc.  cit,^  130),  Jungfleisch  puts  forward  much  the  same  view  of  the 
action  as  McLeod,  and  draws  attention  to  the  formation  of  potas- 
sium permanganate  by  projection  of  manganese  dioxide  into  fused 
chlorate. 

Warren  (Cliem,  News,  58,  247)  comes  to  the  conclnsion  that  only 
those  oxides  are  active  which  are  capable  of  forming  higher  oxides. 
He  also  believes  that  the  evolution  of  chlorine  may  be  due  to  the 
formation  of  a  manganate  in  the  case  of  manganese  dioxide. 

Veley  (Phil  Trans.,  1888  [1],  271)  draws  attention  to  the  action 
of  finely-divided  particles  in  promoting  the  evolation  of  gases  from 
liquids,  and  considers  the  action  of  manganese  dioxide  upon  potassium 
chlorate  to  be  due — (i)  to  the  finely- divided  state  of  the  manganese 
dioxide  ;  (ii)  to  the  chemical  intei^action  between  it  and  the  chlorate. 
Finally,  Spring  and  Pi-ost  (Bull  8or,  Ohim,,  1889,  340—342)  have 
heated  the  chloi-ates  of  several  metals  in  porcelain  and  platinum 
vessels  in  presence  of  carbon  dioxide,  ffllica,  and  phosphorus  pent- 
oxide. 

They  consider  that  the  evolution  of  oxygen  is  »n  indirect  phe- 
nomenon, the  chlorate  first  splitting  up  into  M,0  -f  CUOs.  The 
CIA  yields  Clj  +  Ob  when  we  have  M2O  -h  CI,  =  2MC1  -f  O.  The 
reaction  is  incomplete  if  the  chlorine  is  carried  away  by  the  violence 
of  the  reaction,  or  if  the  base  forms  a  salt  on  which  the  chlorine  has 
no  action.  A  strong  base  (KaO  for  example)  may  oxidise  the  CliO^, 
a  perchlorate  being  formed. 

From  the  foregoing  summary  of  the  work  which  has  been  done 
in  this  direction,  it  is  sufficiently  evident  that  no  simple  interpreta- 
tion is  to  be  expected  of  the  reaction  which  takes  place  during  the 
decomposition  of  potassium  chlorate,  and  its  character  is  manifestly 
largely  influenced  by  the  presence  of  other  bodies. 

Our  object  in  this  work  has  been  to  examine  systematically  the 
influence  of  the  chief  metallic  oxides  and  certain  unstable  salts  on 
the  decomposition  of  potassium  chlorate.  We  have  determined  in 
each  case  the  temperature  at  which  oxygen  is  evolved,  the  amount  of 
chlorine  given  off,  and  the  composition  of  the  residue  after  heating. 
These  results  varied  with  the  acid  or  basic  character  of  the  oxide, 
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witH  its  physical  condition,  and  with  the  relative  masses  of  oxide  and 
chlorate,  and  by  comparison  of  the  data  thns  obtained,  we  have 
sought  to  arrive  at  a  general  explanation  of  the  action,  not  only  of 
manganese  dioxide,  but  of  other  oxides  which  are  effective  in  pro- 
moting the  decomposition  of  potassium  chlorate  (either  with  or  with- 
out evolution  of  oxygen). 

Beseription  of  Apparatus. 

The  apparatus  employed  consisted  of  a  sheet-iron  cylinder,  acting 
as  an  air-bath,  9  inches  in  height  and  7|  in  diameter.  The  lid  was 
loose,  and  the  bottom  riveted  on ;  in  the  movable  lid  were  two  circular 
holes  at  eqi^al  distances  from  the  sides  and  centre.  One  of  these  was 
for  the  air-thermometer,  a  small  glass  bulb  and  tube  of  30  c.c.  capacity 
attached  to  a  glass  tube  bent  twice  at  right  angles,  and  terminating 
in  a  manometer  tube  containing  mercury.  This  was  graduated  by  a 
mercurial  thermometer  up  to  280° ;  the  higher  temperatures  being 
calculated  afterwards.  It  is  probable  that  these  values  are  somewhat 
too  high  ;  the  numbers,  however,  are  comparable  among  themselves, 
which  is  sufficient  for  the  object  we  had  in  view.  The  other  aperture 
in  the  lid  admitted  the  chlorate  bulb,  to  which  was  attached,  by 
thick  indiarubber,  a  long  glass  delivery  tube,  the  gases  being  passed 
before  collection  throngh  a  soluUon  of  potassium  iodide.  Both  bulbs 
reached  to  the  centre  of  the  cylinder.  Two  large  Bunsen  lamps  were 
used,  the  flames  of  which  surrounded  the  whole  apparatus.  Of  course 
all  care  was  taken  to  ensure  that  the  same  conditions,  as  nearly  as 
possible,  obtained  throughout  the  series  of  experiments,  as  to  heating 
arrangements,  strength  of  potassium  iodide  solution,  character  of 
potassium  chlorate  used,  &c.  Indeed,  with  regard  to  the  latter  point, 
more  than  a  pound  of  potassium  chlorate  was  freed  from  chloride  and 
other  impurities,  and  finally  recrystallised ;  this  served  for  the  whole 
of  the  series  of  experiments. 

In  the  following  experiments,  statements  regarding  the  amount  of 
chlorine  given  oft  are  expressed  approximately  in  terms  of  the 
quantity  evolved  when  one  part  of  manganese  dioxide  is  mixed  with 
three  parts  of  potassium  chlorate.  Exact  quantitative  measurements 
were  not  made,  a  rough  comparison  appearing  sufficient  for  our 
purpose. 

Oxides  of  Antimony  f  Tunggten,  Uranium^  and  Vanadium, 

The  results  of  experiments  with  these  oxides  are  summarised  in  the 
following  table.  The  temperatures  given  in  these  and  other  experi- 
ments are  those  at  which  a  moderately  brisk  evolution  of  oxygen 
began  to  take  place. 

u  2 
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I. 

No.  of 
expt. 

II. 

Formula 
of  oxide. 

III. 

Belatiye 
maMee  of 
oxide  and 
chlomte. 

IV. 

Tempera- 
ture. 

V. 
Bemarks. 

63 
64 
65 

SbA 
» 

1:2 
2:1 
3:1 

840' 
430 
440 

Large  quantity  of  chlorine  in  each 
case.  On  treatmg  residue  with 
hot  water  and  filtering,  potaasium 
antimonate  found  in  filtrate. 

92 
93 

1:2 
2:1 

390 

390 

Large  quantity  of  chlorine  evolved. 
B^dish-jellow  residue  dissolving 
to  yellow  solution  of  potassium 
uranate. 

110 

wo. 

1:2 

260 

Not  so  much  chlorine  as  with  VjO^. 
Potassium  tungstate  found  in 
residue. 

109 

VA 

1  :2 

150—170 

Large  quantity  of  chlorine.  Bed 
coloured  residue  soluble  in  water 
to  golden  •  coloured  solution  of 
potassium  metavanadate. 

It  will  be  noticed  that  the  temperature  of  evolatioti  is  lower,  the 
more  acid  the  oxide. 

It  may  be  mentioned  here  that  the  slightest  trace  of  an  acid  (such 
as  nitric)  is  snfiicient  to  break  up  the  chlorate  at  a  low  temperature ; 
for  instance,  bismuth  sesquioxide  has  little  action  on  potassium 
chlorate.  From  a  mixture  of  2  grams  chlorate  with  0*75  Bi,Os  and 
025  Bi(NOs),,  oxygen  is  evolved  quickly  at  300',  together  with 
chlorine.  The  action  of  nitric  acid  on  the  chlorate  will  of  course  be 
complicated. 

Again,  titanium  dioxide  containing  a  slight  trace  of  sulphuric  acid 
brings  off  the  oxygon  at  a  low  temperature,  whilst  the  pure  oxide  has 
but  little  action. 

Oxides  of  Aluminium,  Silicon^  and  Tin, 


I. 

IL 

in. 

IV. 

V. 

20 

A1,0, 

1:2 

400^ 

• 
4  units  chlorine  erolred. 

42 

SiO, 

1:2 

400 

4  units  ehlorine. 

95 

SnO, 

1:2 

470 

1  unit  ohlorind. 
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It  will  be  seen  that  altuniiia  and  silica  agree  rerj  elosely  in  iheir 
properties  (compare  Mills,  '*  On  the  Action  of  Oxides  on  Salts,"  Jowm, 
Ghem,  Soc.,  1879,  ii,  336).  On  extracting  tlie  residue,  after  heating, 
with  water,  an  alkaline  solution  was  obtained  in  both  cases. 
•  In  the  case  of  tin  oxide,  onlj  a  very  small  trace  of  tin  could  be 
dissolved  out  on  treating  the  bulb  contents  with  water,  and  the  solu- 
tion was  not  aikaliJie.  Tin  oxide,  however,  as  is  seen  from  the  table, 
is  not  specially  active.  In  this  case  the  tin  oxide  used  was  prepared 
in  the  dry  way,  as  it  was  found  difficult  to  free  the  precipitated  oxide 
from  nitric  acid.  The  greater  activity  of  the  precipitated  oxide 
appeared  to  be  partly  due  to  this  cause ;  after  ignition  it  is  not  so 
active. 

We  may  conclude  that  these  oxides  act  upon  the  chlorate  in  the 
same  manner  as  those  of  the  last  class.  They  are  less  active,  how- 
ever,  according  as  the  attraction  between  the  oxide  and  EgO  is 
wealcer. 


Sesqmoxidee  of  Ohromvumy  Antimony^  and  Araenie, 

Witb  regard  to  tliese  oxides  there  is  not  much  further  to  be  said. 
With  all  of  them  oxidation  takes  place,  accompanied  in  the  case  of 
antimony  and  arsenic  oxides  by  incandescence.  Chromate,  antimonate, 
and  arsenate  of  potassium  are  formed.  Chlorine  is  evolved  in  each 
reaction,  most  copiously  in  that  produced  by  diromium  sesquioxide. 


Oxides  of  Mangaaiese,  Iron^  Nickel,  Cobalt,  and  Copper. 

The  monoxides  of  iron,  nickel,  cobalt,  and  manganese,  and  the  sub- 
oxides  of  copper,  are  oxidised  by  the  chlorate  with  explosive  rapidity, 
a  great  rise  of  temperature  taking  place. 

The  reaction  which  is  brought  about  by  manganese  dioxide  has 
already  been  diseassed.  We  may  mention  that  at  the  outset  of  our 
experiments  we  noticed  the  pink  colour  of  the  permangate  produced 
when  a  trace  of  manganese  dioxide  is  fused  with  the  chlorate. 

What  takes  place  in  the  case  of  the  higher  oxides  of  iron,  cobalt, 
nickel,  and  copper,  it  is  difficult  directly  to  determine.  The  close 
agreement  of  their  mode  of  action  with  that  of  manganese  dioxide 
seems  to  point  to  an  analogous  reaction  taking  place.  Higher  oxides 
would  seem  to  he  formed  in  all  oases ;  these  combine  with  the  K3O  to 
form  unstable  compounds  wbich  are  broken  up  like  the  permanganate 
in  the  case  of  manganese  dioxide. 

The  following  table  gives  the  results  of  some  of  the  experiments 
made  witii  ^Mnganeee  dioxide  :-^ 
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I. 

II. 

in. 

IV. 

CI  OTolved. 

Semarks. 

2 
8 
6 
7 
8 
4 

MnO^ 

>* 
)» 

»» 

99 

8 

4 
6 
6 
6 
8 

870° 

880 

840 

840 

840 

860 

unit 

lest 

(same  as  8) 

19 

(iMs'than 
above) 

With  2  and  8  there  was  a  rush 
of  gas. 

In  6,  7,  and  8  the  same  oiide 
was  used.  Powdered  pyro- 
lusite  was  made  use  of. 

The  results  show  that  die  temperature  of  iuitial  action  is  altered  to 
some  extent  by  variations  in  the  ratio  of  oxide  to  chlorate.  There  is 
a  certain  ratio,  however,  which  produces  the  most  regular  evolution 
of  oxygen,  this  being  one  part  manganese  dioxide  to  six  parts 
chlorate,  with  which  there  is  a  rapid  and  regular  evolution  at  340**  to 
360^.  With  smaller  quantities  of  chlorate  in  proportion  to  the  man- 
ganese, there  is  apt  to  be  a  rush  of  gas. 

If  the  temperature  be  quickly  raised,  chlorine  comes  off  more 
abundantly  ^see  Warren,  Chem,  NewSj  Nov.,  1888,  68,  p.  247),  ap- 
parently because  the  equilibrium  is  disturbed,  there  not  being 
sufficient  time  for  the  chlorine  to  decompose  the  manganate. 

The  following  are  the  results  of  some  of  the  experiments  made 
wiiAi  ferric  oxide: — 


I. 

11. 

in. 

IV. 

Units  of  01 
eyoWed. 

Remarks. 

79 
10 
12 
18 

FejCOH), 

Fe,0, 

Fe,(OH), 

1:6 
1:2 
2:1 
4:1 

880° 
440 
280 
880 

81 
2 

less 
much  less 

Very  zapid  evolution. 
Rapid  evolution. 

Steady  evolution,  less  rapid. 

With  ferric  oxide,  more  chlorine  is  evolved,  and  under  certain  con- 
ditions the  oxygen  comes  off  at  a  lower  temperature  than  with 
manganese  dioxide.  In  experiment  12,  where  this  is  the  case,  the 
oxide  had  been  previously  used ;  this  seems  io  improve,  rather  than 
diminish  its  activity. 

The  relative  masses  of  oxide  and  chlorate  and  the  presence  of  water 
of  hydration  both  have  considerable  influence  on  the  temperature  of 
evolution  and  on  the  quantity  of  chlorine  given  off.  If  sodium 
carbonate  is  added  to  the  mixture  of  ferric  oxide  and  chlorate,  the 
temperature  at  which  the  oxygen  is  evolved  is  greatly  increased  as  in 
the  case  of  manganese  dioxide. 

The  8e9qrAwxide8  of  cobalt  and  nickel  resemble  each  other  in  their 
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action  very  closely.  The  temperature  of  evolution  is  lower  than 
with  manganese  dioxide  and  ferric  oxide.  With  one  part  of  CoiOs  to 
two  parts  of  chlorate,  a  rash  of  gas  took  place  at  250°.  Less 
chlorine  is  given  off  than  is  the  case  with  ferric  oxide. 

With  cupric  oxide,  all  the  gas  appears  to  come  off  with  a  rush  at 
one  particular  temperatore.  Very  little  chlorine  is  evolved.  In  ex- 
periment  32,  for  example,  one  part  of  cupric  oxide,  previously  used, 
was  mixed  with  two  of  chlorate.  At  350''  no  gas  was  coming  over ; 
at  360**  it  all  came  over  with  a  msh,  very  little  chlorine  heing 
evolved. 

Baadriraont  (he.  cit)  noticed  that  with  cupric  oxide  the  evolution 
of  oxygen  is  accompanied  by  a  rise  of  temperature,  which  seems  to 
point  to  the  breaking  up  of  some  compound  formed  with  absorption 
of  heat.  Sodium  carbonate  in  this  case  also  checks  the  evolution  of 
oxygen. 

OsDides  of  Mercury,  Silver,  Lead,  Barium,  and  Galcium, 

Some  interesting  results  were  obtained  with  the  above  oxides. 
After  heating  each  of  them  with  potassium  chlorate  for  a  considerable 
time  at  a  high  temperature  (about  500''),  no  gas  (or  only  a  mere  trace) 
was  evolved.  The  contents  of  the  heating  bulb  were  treated  with 
boiling  water,  filtered,  and  both  residue  and  filtrate  examined.  The 
filtrate  in  all  cases  contained  potassium  perchlorate. 

Mercuric  Oxide. — On  heating  mercuric  oxide  alone  at  860®  (in  mer- 
cury vapour),  it  underwent  no  change.  On  mixing  it  with  chlorate, 
however,  and  heating  at  the  same  temperature,  a  sublimate  of  metallic 
mercury  was  formed  on  the  sides  of  the  heating  tube,  and  there  was 
a  slight  loss  of  oxygen  from  the  mixture.  On  dissolving  the  residue 
in  water  and  filtering,  potassium  perchlorate  was  found  in  solution, 
and  on  passing  sulphuretted  hydrogen,  sulphide  of  mercury  was  pre- 
cipitated, showing  that  some  mercuric  chloride  had  been  formed  in 
the  reaction. 

Oxide  of  Silver. — Although  the  mixture  of  silver  oxide  and 
chlorate  was  heated  for  considerably  over  an  hour  at  a  temperature 
far  above  that  at  which  silver  oxide  decomposes  (270 — 280**),  no 
evolution  of  gas  took  place.  On  treating  the  contents  of  the  bulb 
with  hot  water  and  filtering,  pure  silver  was  left  behind,  and  the 
filtrate  contained  large  quantities  of  potassium  perchlorate. 

Feroxtde  of  Lead. — ^After  the  first  heating  with  chlorate,  the  washed 
residue  is  composed  partly  of  the  dioxide  and  partly  of  red  lead. 
The  second  beating  with  fresh  chlorate  did  not  complete  the  con- 
version, but  on  a  third  tidal  the  whole  of  the  dioxide  was  transformed 
into  red  lead.     Potassium  perchlorate  was  formed  in  each  case.    At 
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a  very  mach  higher  temperatare  the  Pb304  became  reduced  to  PbO. 
A  trace  of  chlorine  was  evolved  in  the  above  cases.  If  lead  oxide  is 
heated  with  excess  of  chlorate  to  a  moderate  temperatare,  the 
peroxide  is  formed,  also  potassium  perchlorate,  by  a  back  reaction. 

Oxide$  of  Barium  and  Calcium, — When  barinm  dioxide  is  heated 
with  chlorate,  a  considerable  quantity  of  potassium  perchlorate  is 
obtained ;  the  barium  dioxide  is  reduced.  The  monoxides  of  bariam 
and  calcium  are  oxidised  to  the  peroxides,  potassium  perchlorate 
being  still  formed  by  a  back  reaction,  but  in  smaller  quantity  than 
when  the  dioxide  is  used  to  begin  with.  In  the  case  of  barium 
dioxide,  the  temperature  employed  in6 nonces  the  quantity  of  per- 
chlorate formed.  Thus  at  360°  (mercury  vapour)  more  perchlorate 
is  formed  than  at  448°  (sulphur  vapour). 

The  influence  of  certain  salts  on  the  decomposition  of  the  chlorate 
may  be  mentioned  here  as  being  of  interest  in  connection  with  the 
foregoing  experiments. 

Permanganates  of  Potassium  a/nd  Silver, 


I. 

II. 

ni. 

IV. 

V. 

Remarks. 

66 

67 
69 
70 

EMnO^ 
AgMnO^. 

1:  2 
2:1 
1  :2 
2:1 

870^ 
860 
500 
490 

nil 
unit 
trace 
traoe 

Yexy  rapid  erolution. 
Rapid  evolution. 
Very  rapid  evolution. 
Rapid  evolution. 

The  explanation  of  the  action  of  the  permanganates  of  potassium 
and  silver  is,  no  doubt,  that  at  the  high  temperature  the  perman- 
ganates decompose,  according  to  the  following  equations : — 

2KMn04  =  KjMnO*  +  MnO,  +  Oa, 
AgMuO*  =  Ag  +  MnO,  +  O,. 

The  manganese  dioxide  then  acts  in  the  manner  already  described, 
but  no  chlorine  is  evolved,  owing  to  its  combination  with  potassium 
and  silver. 

Potasnum  Bichromate, 

When  potassium  dichromate  and  potassium  chlorate  are  heated 
together,  the  mixture  first  fuses,  then  gives  off  oxygen,  witiiout 
chlorine,  accompanied  by  a  great  deal  of  frothing.  The  dichromate 
appears  to  suffer  no  change,  except  at  a  very  high  temperature,  when 
a  certain  amount  of  chromate  and  perchlorate  of  potassium  is 
obtained. 
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Potcuaium  Nitrate. 

On  heating  a  mtxinre  of  potaasinm  nitrate  and  chlorate,  both 
oxygen  and  chlorine  came  over  slowly.  When  the  temperature  is 
raised  to  dull  redness,  gas  was  evolved  rapidly  with  much  frothing. 
The  residue  left,  after  heating  at  this  temperature  for  some  time, 
contained  a  considerable  amount  of  potassium  nikdte. 

From  the  foregoing  experiments,  it  seems  probable  that,  in  all  the 
cases  considered,  the  influence  of  the  oxide  upon  the  decomposition  of 
the  chlorate  is  largely  chemical,  although,  in  some  cases,  physical 
causes  help  to  bring  about  the  result  (Veley,  loo,  eit.). 

The  mode  in  which  the  chemical  action  proceeds  depends  upon 
several  factors : 

The  aflBnity  of  the  oxide  for  K^O 

»  >»  >»  ^ 

0  +  &0 
The  affinity  of  the  chlorate  for  O. 

It  will  be  readily  seen  that  the  problem  is  a  complicated  one.  It 
is  very  difficult,  in  many  cases,  to  determine  the  exact  course  of  the 
reaction,  as  more  than  one  may  take  place  at  once. 

The  above  generalisations  are  illustrated  by  the  following  summary 
of  our  results  : — 

1.  Acid  oxides,  such  as  V2O6,  UjOb,  WOs,  evolve  oxygen  at  a 
reduced  temperature,  a  metavanadate,  tungstate,  or  uranate  being 
formed.  Chlorine  is  evolved,  in  these  cases,  in  large  quantity.  The 
whole  of  the  oxygen  of  the  chlorate  is  not  evolved,  the  compound  of 
KsO,  with  the  oxide,  not  being  decomposed  by  heat  or  by  chlorine. 
Here  it  is  evident  that  a  leading  ^ctor  in  bringing  about  the 
reaction  is  the  affinity  of  the  oxide  for  1K»0. 

2.  Alumina  probably  acts  like  the  above  oxides,  but  less  energetic- 
ally, the  attraction  between  the  E3O  and  Al,Os  not  being  so  great. 

3.  In  the  case  of  chromium  sesquioxide  the  oxygen  comes  off  at  a 
reduced  temperature,  accompanied  by  chlorine.  The  reaction  would 
seem  to  be  brought  about  here  by  the  affinity  of  the  Or^Oa  for  O  and 
the  affinity  of  the  CrOs  thus  formed  for  KiO. 

4.  In  the  case  of  the  sesquioxides  of  iron,  cobalt,  and  nickel,  cupric 
oxide,  and  manganese  dioxide,  oxygen  is  evolved  at  a  comparatively 
low  temperature,  accompanied  by  only  a  little  chlorine ;  the  oxide  is 
left  but  little  altered  at  the  end  of  the  experiment.  Here  it  is  pro- 
bable that  an  unstable  equilibrium  is  prodaced,  resulting  in  the 
decomposition  of  the  chlorata 

Accepting  McLeod's  theory  of  the  action  of  manganese  dioxide 
(which  is  fully  in  harmony  with  our  own  results),  it  would  seem  that 
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manganese  dioxide  acts,  to  begin  with,  hy  reason  of  its  affinity  for 
oxygen  and  the  affinity  of  the  higher  oxide  thus  formed  for  K^O. 
The  permanganate  first  formed,  however,  is  unstable  (here  there  is 
a  difference  between  the  oxides  of  this  class  and  those  of  the  preced- 
ing) ;  it  splits  up  on  heating  into  K2Mn04  +  MnO^  -j-  d.  The 
KjMnOi  M  decomposed  by  the  fresh  chlorine  which  is  liberated  (Spring 
and  Frost,  loc.  cit.)  into  KCl  and  MnOs,  which  is  thus  regenerated. 
The  addition  of  sodium  carbonate  retards  the  evolution  of  oxygen, 
probably  because  the  manganate  is  thereby  rendered  more  stable. 

The  action  of  the  other  oxides  of  this  class  can,  we  believe,  be 
explained  in  a  manner  similar  to  that  of  manganese  dioxide. 

5.  The  oxides  of  bariam,  calcium,  and  lead  cause  no  evolution  of 
oxygen  when  heated  with  chlorate,  but  the  latter  breaks  up  below  its 
normal  temperatare  of  decomposition,  potassium  chloride  and  a  per- 
oxide being  formed.  Here  the  affinity  of  the  oxide  for  oxygen  brings 
about  the  change. 

6.  On  the  other  hand,  potassium  chlorate  may  act  as  a  reducing 
agent  in  the  presence  of  such  oxides  as  silver  oxide  and  the  peroxides 
of  barium  and  lead,  a  perchlorate  being  formed.  No  oxygen  is 
evolved.  Here  the  reaction  is  brought  about  by  the  affinity  of  the 
chlorate  for  oxygen.  In  the  case  of  the  oxides  of  calcium,  barium, 
and  lead,  the  extent  to  which  the  chlorate  is  oxidised  or  reduced 
evidently  depends  on  the  masses  of  the  reacting  substances. 

7.  We  have  found  that  water  of  hydration  diminishes  the  activity 
of  an  oxide. 

8.  The  physical  condition  of  the  oxide  is  of  influence  (see  Wright 
and  LufiE,  /.  Ghem.  Soc.,  1878,  p.  1).  Copper  oxide,  prepared  in  the 
dry  way,  is  almost  inactive. 

9.  Certain  bodies,  which  apparently  undergo  no  chemical  change 
whatever,  yet  assist  the  reaction,  as  powdered  glass,  sand,  kaolin. 

In  this  case  the  action  of  fine  particles  (see  Veley,  loo.  dt.)  is  of 
influence,  as  it  was  found  that  the  above-mentioned  bodies  lost  their 
activity  to  a  large  extent  when  the  more  finely-divided  particles  were 
washed  out. 

10.  Certain  oxides,  such  as  those  of  zinc  and  magnesium,  are  com- 
pletely inactive. 
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XXI.— CONTRIBUTIONS    TO  THE  CHEMISTRY  OP  THIO- 

CARBAMIDES. 

Interudion  of  Benzyl  Chloride  and  AUyl  Bromide^  respectively,  with 
Thioearbcvinide^  MonophenyUhiocarbamide^  and  Diphenylthiocarh' 
amide, 

Bj  Emil   a.  Wxrneb,  Assistant  Lecturer  in  Cbemistrj,  Trinity 
Collie,  Uniyersitj  of  Dublin. 

Introduction, 

Soon  after  the  disoovery  of  thiocarbamide  by  Professor  Emerson 
Reynolds,  it  was  shown  by  Claus  {Ber,,  7,  236 ;  Ber.^  8,  41 ;  Amialen, 
179,  145)  that  the  amide  can  combine  with  iodide  and  bromide  of 
ethyl  to  form  compounds  represented  empirically  by  the  formula 
CSNsHi'CsHsX  ;*  since  then,  several  compounds  of  the  same  class  have 
been  prepared  and  examined  from  time  to  time  by  different  investi- 
gators. 

Beyond  showing  that  these  compounds  could  yield  basic  substances 
on  treatment  with  moist  silver  oxide,  Claus  never  studied  his  products 
in  any  detail,  the  view  that  these  are  salphine-compounds  of  similar 
constitution  to  the  well  known  sulphine-derivatives  of  the  thio-etbers 
being  generally  accepted  as  consistent  with  the  symmetrical  structure 
of  thiocarbamide,  viz.,  NHa'CS'NH,. 

Bemthsen  and  E^linger  (J?er.,  11,  492;  12,  575),  in  their  study  of 
the  compounds  which  thiocarbamide  forms  with  methyl  iodide,  ethyl 
iodide,  and  benzyl  chloride,  showed  that  the  bases  resulting  from  the 
action  of  alkalis  on  these  substances,  are  not  hydroxyl-compounds, 
since  they  do  not  contain  oxygen,  water  being  eliminated  in  the 
interaction  thus : — 

CSN,H4-C7H7C1  +  KOH  =  CSN,H,-C7H7  +  KCl  +  H,0, 

and  the  bases  are  isomeric  with  the  corresponding  mon-alkyl  substi- 
tuted thiocarbamides.  From  certain  reactions  of  these  bases,  and 
chiefly  from  their  sharp  decomposition  into  mercaptans  and  dicyandi- 

NH 
amide  when  heated,  these  chemists  proposed  the  formula  NHiCK^^n  * 

to  represent  their  constitution,  that  is,  alkyl  salts  of  imidothiocarbamic 
acid,  the  original  compounds  being  the  haloid  salts. 

*  Glaa0  also  obtained  compounds  of  the  oomposition   (CSlf^'n^)^^^.^,  but 
these  do  not  enter  into  the  present  investigatioQ. 
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Will,  having  first  shown  (Ber,,  14,  1489)  that  sjmmetrical  disnb- 
stitnted  thiocarbamides  can  also  combine  with  alkylogens,  the  same 
chemist,  in  the  following  year  (Ber.,  15,  339),  from  the  results  of  a 
detailed  stndy  of  the  compounds  formed  from  thiocarbanilide  and 
methyl  and  ethyl  iodide,  and  from  ethylene  dibromide,  corroborated 
the  above  constitutional  formula  of  Bernthsen  and  Klinger. 

Rathke,  who  had  in  the  meantime  (Ber.,  14,  1776)  re-examined 
Will's  compound  from  thiocarbanilide  and  ethyl  bromide,  came  also 
to  the  same  conclusion  respecting  its  constitution,  and  was  the  first 

to  propose  therefrom  the  unsymmetrioal  formula  NHXJ^gTT*  a« 

probably  representing  the  true  structure  of  thiocarbamide  itself. 
Will  shortly  afterwards  {Ber,,  15)  proposed  the  same  formula.  It 
must  be  remembered,  however,  that  the  above  is  only  an  extension  of 

the  formula  NH::C<Qg',  proposed,  as  far  back  as  1868,  by  Wanklyn 

and  Gamgee  (/.  Ohem,  Soc^  21)  to  represent  the  structure  of  carb- 
amide. 

It  is  interesting  to  observe  that  no  compound  from  a  mono-snbsti- 
tuted  thiocarbamide  had  been  prepared,  and  whilst  Claas»  Bernthsen, 
and  Klinger  were  engaged  solely  with  derivatives  of  the  primary  thio- 
carbamide, Will  and  Eathke,  on  the  other  hand,  in  more  detailed  in- 
vestigations, confined  themselves  to  compounds  derived  principally 
from  diphenylthiocarbamida 

The  incomplete  and  somewhat  unsatisfactory  information  obtainable 
concerning  the  acting  of  the  alky  logons  on  thiocarbamide  and  its 
different  phenyl-deriyatives  led  to  the  folio  vring  detailed  study  of  tbe 
subject,  in  order  to  accumulate  further  evidence  beating  on  tiie  struc- 
ture of  thiocarbamide.  The  work  described  in  the  present  paper 
has  been  carried  out  in  Professor  B^ynolds*  private  laboratory  in  Uiis 
IJniyersity,  where  the  same  problem  is  being  attacked  from  another 
side,  with  results  which  will  shortly  be  published  by  Dr.  Reynolds. 

The  phenylated  thiocarbamides,  besides  being  the  easiest  to  obtain 
in  a  pare  state,  were  chosen  chiefiy  on  account  of  their  yielding 
products  which  in  the  majority  of  cases  are  easy  to  purify,  this  being 
of  paj'ticular  aoconnt  where  the  products  from  decomposition  reactions 
are  to  be  studied ;  the  same  remarks  apply  to  the  choioe  of  bensyl 
chloride  as  the  alkylogen,  whilst  allyl  bromide  was  used  as  the  first 
instance  of  an  unsaturated  alkylogen  being  caused  to  interact  with 
thiocarbamide. 

I.  IntercuiUtm  of  Benzyl  Chloride  and  Tkiocariamid^ 
Before  commencing  a  detailed  study  of  the  compound 
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first  described  bj  Bernthiieii  and  Klinger  (Ber,,  12,  575),  it  was 
necessary  that  I  should  repeat  to  a  certain  extent  the  work  abroad j 
carried  out  hj  these  chemists ;  and  particularly  as  their  paper  on  this 
compound  is  remarkable  for  its  breyitj  and  entire  absence  of  ana- 
lytical data* 

When  eqnal  molecular  proportions  of  benzyl  chloride  and  thiocarb- 
amide  are  warmed  on  the  water-bath  in  presence  of  a  little  alcohol,  a 
reaction  soon  sets  in  which  the  heat  evolved  is  sufficient  to  complete. 
On  allowing  the  product  to  cool  in  an  open  vessel,  preferably  a  flat- 
bottomed  glass  dish,  the  new  substance  separates,  according  to  the 
degree  of  concentration,  either  in  coherent,  rosette-like  aggregates,  or 
in  thin  superposed  plates ;  it  is  conveniently  purified  by  recrystallisa- 
iton  from  water  or  by  gradual  precipitation  of  its  alcoholic  solution 
with  ether:  in  both  cases  it  separates  in  small,  well-defined,  glisten- 
ing prisms.  The  melting  point,  166-^168°,  given  by  Bemthsen  and 
Klinger,  in  itself  indicates  an  impure  compound.  I  find  the  substance, 
purified  as  above,  to  melt  at  174**  (unoorr.),  from  numerous  determina- 
tions ;  at  the  same  time,  I  have  noticed  specimens,  on  three  occasions, 
to  melt  at  142 — 143**,  a  temperature  which  was  independent  of  the 
rate  of  heating,  and  was  never  exhibited  a  second  time,  the  resolidifled 
product  melting  afterwards  at  174''.  The  observation  suggests  the 
existence  of  polymeric  modifications.  Two  chlorine  estimations  gave 
the  following  results : — 

I.  0-282  gram  gave  02009  gram  AgCl. . 
n.  0-2181         „         01541      „     AgCl. 

Theory  fop 
Found.  OgHioNjSCl. 

I.  CI 17-62  per  cent.  17*53  per  cent. 

11.  CI 17-47        „  — 

The  first  analysis  was  made  with  a  specimen  showing  a  primai-y 
melting  point  of  142 — 143°. 

On  the  addition  of  potash  or  ammonia  to  the  aqueous  solution  of 
the  chloride,  the  free  base  is  precipitated  as  a  white,  curdy  precipitate 
accompanied  by  an  odour  of  benzyl  mercaptan.  The  melting  point 
of  the  base,  after  drying  over  oil  of  vitriol,  is  given  by  Bernthsen  and 
Klinger  at  71 — 72**,  but  here  again  thene  chemists  must  have  been 
using  impure  material,  as  the  following  experiments  show. 

A  quantity  of  the  base  wa^  precipitated  from  a  moderately  strong 
aqueous  solution  of  the  chloride  by  the  addition  of  a  little  lees  than 
the  calculated  amount  of  potassium  hydroxide  in  normal  solution ;  the 
precipitate,  after  washing  and  draining  on  the  filter  pump,  was  dis- 
solved in  the  minimum  quantity  of  strong  alcohol  by  very  gentle 
waroiing,  and  to  the  clear,  cold  solution,  water  was  added  until  a 
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permanent  opalesoenoe  set  in ;  after  standing  over  night,  a  quantity  of 
ill-defined,  thin,  glistening  prisms  had  separated,  whilst  the  whole 
smelt  strongly  of  benzyl  mercap^an.  The  crystals  were  collected, 
washed,  and  pressed  between  folds  of  bibulous  paper,  the  drying 
being  completed  by  exposure  over  oil  of  vitriol  for  several  days. 

The  product,  thus  obtained,  was  found  on  analysis  to  contain  only 
2*01  per  cent,  of  nitrogen  (theory  16*86),  while  the  sulphur  amounted 
to  22*7  per  cent,  (theory  1927) ;  it  was,  therefore,  a  very  impure 
product,  yet,  strange  to  say,  its  melting  point  was  exactly  71 — 72°, 
that  is,  identical  with  the  temperature  given  by  the  above  chemists 
as  the  melting  point  of  the  pure  h&f^e. 

It  is  evident  from  the  foregoing  that  the  free  base  is  a  very  unstable 
substance,  yet  the  results  just  recorded  were  mainly  due  to  a  weak 
point  in  the  method  of  preparation,  namely,  the  employment  of  too 
strong  solutions  during  precipitation,  whereby  the  base  is  momentarily 
exposed  to  the  contact  of  free  alkali,  to  the  decomposing  action  of 
which  it  is  very  sensitive.  By  avoiding  this  I  have  obtained  a  very 
pure  specimen  of  the  base  in  the  following  simple  manner. 

To  a  one  per  cent,  solution  of  the  chloride,  somewhat  less  than  the 
requit*ed  amount  of  normal  potassium  hydroxide  is  added  drop  by 
drop,  with  constant  agitation  ;  the  base  is  slowly  precipitated  in  fine, 
snow-white  fiocks,  seen  under  the  microscope  to  consist  of  minute  in- 
terlacing needles ;  the  precipitate  is  quickly  thrown  on  a  filter,  washed 
thoroughly,  drained,  and  after  pressure  between  folds  of  bibulous 
paper,  dried  over  oil  of  vitriol  for  several  days.  It  forms  a  very 
light,  white,  microcrystalline  powder,  which  melts  at  88^,  and  then 
almost  immediately  decomposes.* 
A  specimen  prepared  as  above  afforded  the  data  as  follows :  — 

I.  0*1648  gram  gave  23'9  c.c.  nitrogen  at  15''  and  755  mm. 
II.  0-2442  „  01386  gram  H,0  and  05086  gram  CO,. 

III.  02205  „  by  Carius*  method,  followed  by  fusion  with 

potassium  nitrate,  03116  gram  BaSOi. 

Theory  for 

CsHioNiS.  Found. 

C 57-83  per  cent.  67-92  per  cent. 

H 602        „  6-31 

N 16  86        „  16-78 

S 19-27        „  19-41 

The  base  is  freely  soluble  in  chloroform,  benzene,  ether,  and  alcohol, 
also  in  carbon  bisulphide,  which  easily  acts  upon  it.     It  is  metameric 

*  Bemthsen  and  Klinger  remarked  how  easily  this  compound  decomposes  into 
dicjftndiamide  and  benxyl  mercaptan,  yet  they  give  no  analjtical  data  for  their 
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with  monobenzjltbiocarbamide,  m.  p.  101*.     The  platinochloride  is 
precipitated  in  golden-yellow,  microscopic  prisms  on  the  addition  of 
chloroplatinic  acid  to  a  moderately  strong  solution  of  the  chloride. 
Dried  at  100°  C,  it  has  the  composition  (C8H,oN,S),,HaPtCl«. 

Theoiy.  Found. 

Pt 26-21  per  cent.  26*36  per  cent. 

It  melts  at  157**  with  violent  decomposition,  it  is  sparingly  soluble  in 
cold  water,  and  although  it  easily  dissolves  in  the  boiling  liquid,  it  is 
quickly  decomposed  with  separation  of  benzyl  chloride  and  precipita- 
tion of  a  dark-brown,  amorphous  compound  rich  in  platinum.  This 
concludes  the  repetition  of  Bemthsen  and  Klinger*s  work,  with 
the  so-called  benzylimidothiocarbamate  hydrochloride. 

The  addition  of  auric  chloride  to  the  artificially-cooled  aqueous 
solution  of  the  compound  precipitates  the  chloraurate  in  brilliant, 
golden-yellow  spangles  having  the  composition  CeHioN,S,HAuCl4. 

0'1965  gram  gave  on  ignition  0*077  gram  of  gold. 

Hhooij  for  above.  Found. 

Au 38-83  per  cent.  3918  per  cent. 

It  melts  with  decomposition  at  130 — 131° ;  and  in  presence  of 
water  it  is  easily  broken  up  by  gentle  warming  with  separation  of 
gold  in  glistening  spicules. 

The  neutral  sulphate  is  precipitated  in  the  crystalline  form, 
after  a  short  time,  on  adding  sulphuric  acid  in  excess  to  a  strong 
aqueous  solution  of  the  chloride.  It  is  very  freely  soluble  in  water 
and  in  alcohol ;  from  the  latter  it  separates  by  spontaneous  evapora- 
tion in  thick,  glassy,  six-sided  prisms  which  melt  at  132 — 133*. 
They  have  the  composition  (G8HmNsS)9,HsS04  as  deduced  from  the 
following  determination  of  the  sulphuric  radicle* 


0-2932  gram  gave  0-159  gram  BaSO*. 


Theory.  Found. 

SO4 22-32  per  cent.  2234  per  cent. 

An  acid  sulphate  could  not  be  obtained  even  under  the  most 
favourable  conditions;  thus  the  neutral  sulphate  crystallises  very 
readily  from  dilute  sulphuric  acid,  in  which  it  is  much  less  soluble 
than  in  pure  water.  With  chromium  sulphate,  it  yields,  after  several 
weeks'  standing,  crystals  of  an  alum  which  are  very  unstable, 
decomposing  almost  completely  into  their  constituents  on  attempting 
to  recrystallise  them.  The  alum  is  only  formed  when  a  large  excess 
of  chromium  sulphate  is  present. 

The  picrate,  which  is  almost  insoluble  in  cold  water,  separates 
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from  its  hot  solution  in  small,  golden-jellow  needles  wbicb  melt  at 
182—183°.     These  have  the  composition  C8HioNjS,C«H»(NO,),-OH. 

0223  gram  gave  33*8  c.c.  nitrogen  at  18*^  and  7625  mm. 
orN 17-48  p.  c.  Theory.     N....     1772  p.  c. 

By  the  addition  of  mercuric  chloride  to  a  hot  aqueous  solution  of 
the  chloride  of  this  base,  a  very  characteristic  mercurochloride  is 
formed ;  it  separates  from  the  boiling  solution  on  slowly  cooling  in 
beautiful,  thin,  wbite,  lustrous  prisms,  which  are  easily  obtained 
upwards  of  3  inches  in  length. 

As  deduced  from  the  following  analytical  data,  these  crystals  have 
the  composition  C»HioN2S,HCl,HgCl2. 

0*494  gram  gave  0*243  gram  HgS. 
0*317         „         0-286     „     AgCl. 

Theoiy  for  abore.  Found. 

Hg 42*23  per  cent.         42*40  per  cent. 

CI 22*49        „  22*30 

The  compound  melts  at  112"",  is  moderately  soluble  in  oold  water 
and  alcohol,  easily  in  boiling  water.  Alkalis  produce  a  white  pre- 
cipitate in  its  solutions,  which  is  not  redissolved  again  by  the  addi- 
tion of  acids.  The  behaviour  of  this  mercurochloride  on  heating 
and  its  decomposition  by  alkalis  are  reactions  which  deserve 
special  attention,  for  they  afford  valuable  information  bearing  on 
the  constitution  of  this  particular  class  of  thiocarbamide-derivatives. 
I  have  therefore  studied  these  decompositions  in  some  detail,  the 
I'esults  of  which  I  shall  now  proceed  to  describe. 

Action  of  Potassium  Hydroxide  on  CaHwNaS.HCl.HgClj. 

As  mentioned  above,  potassium  hydroxide  produces  in  the  solu- 
tions of  this  substance  a  bulky,  snow-white  preoipit-ate ;  between 
two  and  a  half  and  three  molecular  proportions  of  alkali  are  required 
for  the  complete  precipitation  of  one  molecular  proportion  of  the 
mercurochloride.  This  white  precipitate  is  the  already  known  com- 
pound HgCl-SC,H7. 

Analytical  data : 

0*419  gram  gave  0*166  gram  AgOl. 

0*4904        „         by  distillation  with  PbCrO*,  and  CaO  in  front  of 
tube,  0*275  gram  Hg. 

Tbeoiy  for 
HgClldCjHj.  Found. 

Hg 65*78  per  cent.        66*08  per  cent. 

CI 9*90        „  9*73 
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The  filtrate  from  this  componnd  gives  with  ammonio-silver  nitrate 
a  bnght-yellow  precipitate,  with  ammonio-copper  salphate  a  black 
precipitate,  reactions  characteristic  of  cyanamide,  A  specimen  of  the 
copper  precipitate  collected  and  dried  contained  Ca  =  60*72  per 
cent. 

Theory  for  CnN-CN  =  61*16  per  cent.  The  decomposition  of 
the  mercnrochloride  bj  alkali  takes  place  therefore  in  accordance 
with  the  equation  :— 

C8HioN,S,HCl,HgCl,  +  2K0H  =  HgCl-SCH^  +  CN-NH,  -f 

2KC1  +  2H,0,         i^-> 

the  correctness   of  which  is  proved  by  the  following  quantitative  ^ 

experiment : — 

9'46  grams  of  the  chloride  (1  mol.)  were  decomposed  by  a  slight 
excess  of  alkali,  filtered  directly  into  ammoniacal  copper  snlphate 
solution,  whereby  the  cyanamide  was  immediately  fixed  as  CuN*GN ; 
from  this  quantity  the  weights  of  each  precipitate  obtained  were : 

Theory. 

HgCl'SCTH, 6-8  grams  7-16  grams. 

CuN-CN 2-0      „  2-06      „ 

The  fact  that,  in  practice,  nearly  3  mols.  of  alkali  are  required  to 
realise  the  above  decomposition,  is  no  doubt  due  to  the  acidic  proper- 
ties exhibited  by  cyanamide. 

Action  of  Heat  on  the  Compound  C8HioNiS,HCl,HgCls. 

The  following  observations  were  made  during  a  determination  of 
the  melting  point  of  this  substance.  At  112°  it  melted  to  a  perfectly 
clear  liquid;  but  on  raising  the  temperature  to  138%*  evolution  of 
gas  (hydrogen  chloride)  commenced ;  at  159**,  while  gas  continued  to 
be  freely  evolved,  the  liquid  became  turbid;  at  ISd*'  it  thickened, 
and  at  193''  was  almost  solid  again,  while  the  evolution  of  gas  had 
ceased ;  the  solid  melted  again,  with  blackening,  above  200"* ;  as  the 
evolution  of  gas  ceased,  a  slight  odour  of  benzyl  chloride  was  recog- 
nisable. 

A  quantity  of  the  substance  was  therefore  spread  in  a  thin  layer 
over  the  bottom  of  a  conical  flask,  and  heated  until  the  odour  of 
benzyl  chloride  was  noticeable ;  it  was  found  that  almost  exactly 
1  mol.  of  hydrogen  chloride  had  been  eliminated.  To  be  certain  of  the 
homogeneous  character  of  the  residue,  the  latter,  when  cold,  was 

*  It  will  be  noted  that  this  temperature  in  36^  lower  than  even  the  melting  point 
of  the  original  chloride,  C8H|»NsS,HCL 
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broken  np  and  extracted  with  boiling  alcohol  and  boiling  water  in 
turn.  When  dried  in  the  water-oven,  and  snbsequently  over  oil  of 
vitriol,  it  formed  a  pale-bafE  colonred,  amorphoas  sabstance,  which 
afforded  the  following  nnmbers  on  analysis : — 

I.  0-3276  gram  gave  0-2166  gram  AgCl. 

11.  0-6676  „  35-2  c.c.  of  nitrogen  at  18*  and  760-5  mm. 

III.  0-4856  „  by  distillation  with  PbCrO*,*  and  layer  of 

CaO  in  the  front  part  of  tnbe,  02232  gram  Hg. 

Theory  for 

C8H,oN2S,HgClj.  Found. 

CI 16*24  per  cent.  16*34  per  cent. 

N 6-40        „  6-05 

Hg 45-76        „  45-96 

Scarcely  anything  had  been  extracted  by  the  alcohol  or  water.  On 
treating  this  new  compound  with  alkalis,  it  is  immediately  decom- 
posed with  separation  of  all  the  mercury  as  mercuric  sulphide;  on 
comparing  this  decomposition  with  the  behavionr  of  the  parent 
mercurochloride  towards  alkalis,  it  is  evident  that  an  alteration,  at 
least  in  the  position  of  the  benzyl-group,  has  taken  place  simultaneously 
with  the  loss  of  1  mol.  of  hydrogen  chloride.  I  find  the  formation  of 
nionomercurochlorides,  having  somewhat  similar  properties  to  the 
above,  to  be  general  for  the  different  thiocarbamide-componnds 
described  in  the  present  paper,  and  reserve  for  a  future  communica- 
tion a  detailed  account  of  the  series. 

Action  of  20  per  cent.  Sulphuric  Add  at  160—180^  on  the  Compound 

Ci,HioNaS,HCl. 

Of  the  different  reactions  studied  by  Will  in  his  investigations  of 
the  compounds  derived  from  thiocarbanilide  and  ethyl  iodide  and 
ethylene  dibromide  respectively,  there  is  none  perhaps  which  lends 
more  weight  to  the  constitutional  formulee  accepted  for  these  com- 
pounds, than  the  decomposition  which  they  undergo  when  heated  to 
1$0 — 180*"  with  20  per  cent,  sulphuric  acid. 

Under  these  conditions  an  **  ester "  of  a  substituted  thiocarbamio 
acid  is  formed,  through  the  interaction  of  water,  thus  :^ 

Pfagg>c:i5rphT-H;ib  =  ^^^>co  +  NH,Ph. 

*  Distillation  with  CaO  alone,  as  in  the  usual  method,  did  not  gire  satisfactory 
results ;  the  distillate  of  Hg,  besides  being  accompanied  by  oily  matter,  interfering 
with  its  clean  separation,  was  in  most  cases  deroid  of  lustre.  By  burning  the  sul^ 
stance  with  PbCr04,  very  brilliant  distillates  were  obtained. 
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This  deoornposition  (which,  on  the  strength  of  Will's  limited  work, 
has  been  put  forward  in  certain  text-books  as  a  generic  reaction)  had 
hitherto  never  been  extended  to  the  primary  thiocarbamide-deriya- 
tiyes  of  this  class.  I  have  therefore  pnt  Bemthsen  and  Klinger*s 
benzjl-compoand  to  the  experimental  test,  with  the  following  un- 
expected results.* 

Five  grams  of  the  pure  chloride  were  sealed  up  in  a  glass  tube 
with  12  c.c.  of  sulphuric  acid  of  the  above  streugth ;  the  temperature 
of  the  mixture  was  quickly  raised  to  170*^,  and  maintained  at  that  for 
two  hours.  There  was  a  considerable  rush  of  gas  (consisting  prin- 
cipally of  carbon  dioxide  with  some  hydrogen  sulphide,  and  carbon 
oxysulphide  probably)  on  opening  the  tabe,  while  a  comparatively 
large  amount  of  a  pale-reddish  oil  lay  at  the  bottom  of  the  tube. 
The  contents  were  quickly  transferred  to  a  separating  funnel,  when, 
in  a  few  moments,  the  oil  suddenly  and  completely  solidified  to  a 
crystalline  mass  having  a  pearly  lustre.  The  substance,  after  two 
crystallisations  from  hot  alcohol,  was  obtained  quite  pure  in  the  form 
of  small,  white,  feathery  crystals  having  a  fine  lustre.  The  com  po  and 
contained  no  nitrogen,  and  therefore  could  not  be  the  expected  benzyl 
thiocarbamate. 

The  following  numbers,  yielded  by  a  specimen  purified  as  above 
and  dried  over  oil  of  vitriol,  prove  the  substance  to  have  the  composi- 
tion C7H,S  or  CwHiiS,  :— 

I.  0-2566  gram  gave  0*1325  gram  HjO  and  0640  gram  CO,. 
II.  0'1645  „  by  Carius'  method,  followed  by  fusion  with 

potassium  nitrate,  0'3141  gram  BaSOi. 

Theory  for 
<^i4H,4S,.  Found. 

C 68-29  per  cent.  6802  per  cent. 

H 5-69        „  573 

S 2602        „  26-25 

The  substance  does  not  adroit  of  a  vapour-density  determination, 
as  it  decomposes  on  volatilisation  ;  this,  and  its  sparing  solubility  in 
cold  alcohol,  crystalline  form,  and  melting  point,  68*5^,  point  to  the 
conclusion  that  it  is  benzyl  disulphide,  the  melting  point  of  this 
substance  being  given  as  69 — 70*  (Klinger),  71 — 72^  (Hofmann). 
In  the  mother  liquor  from  the  first  crystallisation,  a  small  quantity  of 

*  In  conformitj  with  Will's  reaction,  it  was  to  be  Buppoied  that  in  this  case  the 
decomposition  would  take  place  thus, 

»H^C<^H^^  +  H,0  -  00<^§H^   +  NH,. 
Benzyl  thiocarbamate. 

X  2 
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benzyl  mercaptan  was  detected.  Besides  a  trace  of  the  undeoomposed 
base,  nothing  bat  ammonia  was  present  in  the  aqneoos  portion  of  the 
tube  contents. 

With  snch  a  result,  an  obvions  question  naturally  arises  before  any 
conclusions  can  be  drawn :  "  Does  the  benzyl  disulphide  result  from 
the  dii-ect  decomposition  of  the  original  thiocarbamide-deriyative,  or 
is  it  merely  present  as  a  product  of  decomposition  of  the  previously 
formed  benzyl  thiocarbamate  ?"  This  was  only  to  be  decided  by 
direct  experiment. 

Preparaiion  of  Bensyl  Thioearbamate. 

In  seeking  a  method  for  the  preparation  of  this  compound,  I  have 
availed  myself  of  an  interesting  reaction  discovered  by  Pinner,  in  the 
course  of  his  investigations  on  the  imido-ethers.  By  allowing  a  solu- 
tion of  ethyl  thiocyanate  in  absolute  alcohol,  after  saturation  with 
hydrogen  chloride,  to  stand  for  some  time,  Pinner  and  Schaumann 
(Ber.f  14,  1082)  obtained  ethyl  thiocarbamate. 

C^,SON  +  H,0  =  NH,-CO-S-C,H^ 

This  reaction  1  have  extended  to  benzyl  thiocyanate  with  moderate 
success. 

A  solution  of  the  thiocyanate*  in  nearly  absolute  alcohol  was 
saturated  with  dry  hydrogen  chloride  at  a  low  temperature,  and  the 
mixture  allowed  to  remain  for  10  days  in  a  sealed  flask ;  this  was 
opened  and  resealed  from  time  to  time  to  avoid  fracture  from  a 
gradually  accumulating  internal  pressure.  The  product  was  poured 
into  a  comparatively  large  volume  of  water,  the  separated  crystalline 
precipitate,  after  draining  on  the  filter-pump,  was  pui*ified  by  crystal- 
lisation from  alcohol,  and  subsequently  from  hot  benzene ;  from  this 
solvent  the  new  substance  separates  on  cooling,  in  beautiful,  large, 
thin,  glistening  plates,  of  an  exceptionally  fine  lustre.  The  yield 
is  small,  as  before  the  assimilation  of  water  by  the  thiocyanate  is 
complete,  the  thiocarbamate  commences  to  decompose  (see  Actiou 
of  Dilute  Sulphuric  Acid  on  Benzyl  Thiocarbamate,  p.  294),  evidence 
of  which  is  obtained  by  the  separation  of  crystals  of  ammoniuni 
chloride  in  the  liquid. 

I.  0*248  gram  gave,  by  Carius'  method,  followed  by  fusion  with 

potassium  nitrate,  0*3495  gram  BaSOi. 
II.  0*2830  gram  gave  0*1475  gram  H,0  and  0*598  gram  COt. 
III.  0*3076  gram  gave  22*6  o.o.  nitrogen  at  15^  C.  and  761  mm. 

*  The  filtrate,  obtained  directly  from  the  interaction  of  benzyl  chloride  and 
potaMium  thioojanate  after  potaanom  chloride  had  ceased  to  sepacate,  waa  the  aolu* 
tion  actually  Ufed. 
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Theory  for 

GgH^NSO.  Found. 

S   1916  per  cent.  19S3  per  cent. 

C 57-48        „  57-62 

H 5-38        „  578 

N 8-38        „  8-55 

The  crystals,  which  melt  at  125^,  are  soluble  in  alcohol,  ether, 
acetone,  freely  in  hot  benzene,  sparingly  in  the  cold,  and  insolable  in 
water  or  petrolenm.  That  the  smbstance  is  benzyi  tluocarbamate  is 
proved  by  the  following  experiments. 

BeactMM  and  Propertiet  of  Benzyl  Thiocarbamate. 

When  heated,  the  crystals  melt,  at  the  temperature  above  stated,  to 
a  clear  liquid;  at  180^  decomposition  commences,  followed  by  a 
separation  of  crystals  at  186^,  while  the  odour  of  benzyl  mercaptan 
becomes  evident. 

Half  a  gram  of  the  smbstance  was  heated  in  a  small  Wurtz's  dis- 
tillation-flask at  200°  in  a  current  of  hydrogen,*  the  volatile  product 
being  aspirated  through  an  alcoholic  solution  of  mercuric  chloride ;  a 
bulky  white  precipitate  was  produced  in  this  solution,  which  analysis 
proved  to  be  the  compound  HgCl^S'CTHi ;  the  crytt«lline  residue  in 
the  flask,  after  washing  with  ether,  was  identified  as  cyanuric  acid ; 
its  hot  aqueous  solution  gave,  on  cooling,  a  fine  violet  crystalline  pre- 
cipitate with  ammoniacal  copper  sulphate,  a  reaction  characteristic  of 
that  acid.  The  decomposition  by  heat  is  represented,  therefore,  by 
the  equation : — 

NH,-COS-C7H7  =  CHt-SH  +  HCNO, 

the  cyanic  acid  being  polymerised  at  the  temperature  of  formation. 
This  decomposition  is  similar  to  that  shown  by  Pinner  and  Schau- 
mann  to  take  place  when  ethyl  thiocarbamate  is  heated  at  150^  in 
sealed  tubes.  The  reaction  is,  therefore,  in  all  probability,  a  generic 
one. 

Silver  nitrate  in  alcoholic  solution  gives,  with  benzyl  thiocar- 
bamate, a  snow-white  precipitate,  which  has  the*  composition 
C0NH,-S-C,H„2AgN0,. 

0168  gram  gave  01185  gram  AgCl. 

Theory  for  above.  Found. 

Ag 53'07  per  cent.  53-08  per  cent. 

This  substance  is  almost  insoluble  in  water  and  alcohol.      When 

*  Benzyl  mercaptan  easily  oxidisea  in  a  current  of  hot  air  to  (07H7)2Ss. 
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treated  with  ammonia  solntion  in  excess,  it  is  converfed  into  a  yellow 
powder,  while  half  the  silver,  accompanied  by  a  molecular  pi*oportion 
of  carbamide,  passes  into  solntion.  The  yellow  substance  is  silver 
benzyl  mercaptide. 

Ag  found,  46*62  per  cent.    Theory  for  AgSCTHi  =  46*75  per  cent. 

The  decomposition  by  ammonia  takes  place  in  accordance  with  the 
equation : — 

C0<^gjj^,2AgN0,  +  2NH,  =  Ag-SaH,  +  AgNO,  + 

NH,-NO,  +  C0<2g». 

Silver  benzyl  mercaptide,  prepared  in  this  way,  is  a  pale  sulphur- 
yellow,  amorphous  powder,  insoluble  in  the  ordinary  solvents. 


Action  of  20  per  cent  Sulphuric  Acid  on  Benzyl  Thiocarbamate  at 

160— 180^ 

A  couple  of  grams  of  the  pure  substance  were  heated  in  a  sealed 
tube  at  170**,  under  exactly  the  same  conditions  as  the  original  thio- 
carbamide  benzyl-derivative.  The  thiocarbamate  was  completely 
decomposed  with  formation  of  a  dark-reddish  oil,  while  abundance 
of  carbon  dioxide  was  evolved  on  opening  the  tube.  The  contents 
were  poured  into  a  small  separating  funnel,  where  the  oil  remained 
for  several  days  without  showing  any  signs  of  solidification^  and  it  was 
easily  identified  as  almost  pure  benzyl  mercaptan  by  its  conversion 
into  HgClS*C7H7  and  Ag'SCfH?.  Nothing  besides  ammonia  could  be 
detected  in  the  aqueous  portion  of  the  tube  contents. 

The  decomposition  of  the  benzyl  thiocarbamate  in  the  foregoing 
experiment  is,  therefore,  very  simple,  viz. : — 


yH,*CO':SC,HT  -h  HjOH  =  CHt-SH  +  CO,  +  NH,. 

and  no  benzyl  disulphide  whatever  appears  in  the  decomposition. 

After  SDch  a  sharp  result,  there  is  strong  reason  to  conclude  that 
the  benzyl  disulphide  produced  in  the  reaction  already  described  does 
not  result  from  the  decomposition  of  previously  formed  benzyl  thio- 
carbamate, for  since  both  experiments  were  carried  out  under  exactly 
similar  conditions,  it  cannot  be  argued  that  the  disulphide  results 
from  oxidation  of  benzyl  mercaptan,  itself  produced  from  the  decom- 
position of  the  thiocarbamate,  according  to  the  above  equation.  That 
the  disulphide  is  a  product  of  the  direct  decomposition  of  the  com- 
pound C8HioNsS,HCI,  does  not,  however,  appear  so  clear,  yet  the 
results  obtained  justify  the  following  deductions  : — 
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1.  That  Wiirs  reaction  (which  in  the  sabseqnent  pages  is  confirmed 

in  the  case  of  mono-  and  di.snbstitated  thiocarbaroides)  does 
not  appear  to  hold  good  for  the  primary  thiocarbamide-deriva- 
tives*  of  this  class. 

2.  The  prodaction,  as  principal  decomposition-prod  act,  of  a  com- 

pound containing  at  least  2  atoms  of  snlphnr  in  the  molecnle, 
argues  for  a  higher  molecular  weight  than  the  generally 
accepted  formula,  CbHioNtSjECl,  indicates. 

Until  further  evidence  is  obtained  on  this  point,  I  refrain  from 
giving  an  equation  to  express  the  decomposition,  since  the  formation, 
besides  the  disulphide,  of  a  small  quantity  of  benzyl  mercaptan,  already 
noticed,  may  be  an  essential  feature  in  the  decomposition. 

It  is  worthy  of  note  that,  unlike  the  substituted  thiocarbamide- 
derivatives,  a  certain  portion  of  the  base  escapes  decomposition,  even 
though  the  time  and  temperature  be  increased. 

n.  Benzyl  Chloride  and  MonophenyUhiocarh amide. 

These  readily  combine  in  molecular  proportion  when  heated  for  a 
short  time  in  alcoholic  solution  on  the  water-bath ;  the  product,  after 
evaporation  of  the  alcohol,  remains  as  a  thick  syrup,  which,  on 
standing  in  a  desiccator  for  several  days,  solidifies  to  a  radiate 
crystalline  mass.  The  compound  is  soluble  in  all  proportions  in 
water  and  in  alcohol.  It  has  the  composition  CSNsH3(G«H6)C7H7Gl, 
and  melts  at  112°  ;  at  176**,  signs  of  decomposition  set  in. 

Potassium  hydroxide  (1  mol.)  added  to  the  aqueous  solution  pre- 
cipitates the  free  base  as  a  thick,  pale-yellow  oil ;  this  solidifies,  aft.er 
a  few  hours,  to  a  brittle  mass,  easily  soluble  in  alcohol ;  by  gradually 
adding  water  to  this  solution  until  a  slight  opalescence  appears,  a 
commencement  of  crystallisation  is  soon  efEected.  In  this  way  the 
new  substance  may  be  easily  obtained  in  well-defined,  colourless, 
flat  prisms,  which  are  quite  pure  after  a  single  crystallisation. 

A  specimen,  obtained  thus,  afforded  the  following  data : — 

I.  0*5029  gram  gave  52  c.c.  nitrogen  at  20°  and  766"5  mm. 
II.  0-3494  „  0-1875  gram  H,0  and  0887  gram  CO,. 

Theory  for 

C,  H^N^.  Found. 

C 69-42  per  cent.  69*23  per  cent. 

H 5-78        „  5-96 

N 11-57        „  11-86 

S 13-22        „     (by  diff.)  12-95 

*  See  also  result  from  allyl  bromide  oompoond. 
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The  crjrstals  melt  at  81 — 82*^,  and  give  ofE  benzyl  mercaptan  a  few 
degrees  higher ;  the  base  is  most  probably  benzyl  imidophenylthio- 

carbamate,  and  its  constitution,  ^^•C<Cs.(^gv'c*H  •       ^^  ^  freely 

soluble  in  alcohol,  ether,  and  benzene,  almost  insoluble  in  water  or 
light  petroleum.  It  is  metameric  with  phenylbenzylthiocarbamide 
(A.  B.  Dixon,  Trans.,  1889,  55,  301)  melting  at  153—164°. 

With  platinum  chloride,  it  yields  a  dark-brown  resinous  precipitate 
which  soon  decomposes.  The  picrate  crystallises  from  boiling  water 
in  fine,  brilliant,  golden-yellow  needles  which  melt  at  136 — 137**. 
These  are  almost  insoluble  in  cold  water,  and  have  the  composition 
CuHuN,S,C.H^NO08'OH. 

0*167  gram  gave  21*8  c.o.  of  nitrogen  at  18°  and  760*5  mm., 
or  N 1500  p.  c.  Theory 1486  p.  o. 

The  neutral  sulphate  forms  a  thick  oil,  sparingly  soluble  in  cold 
water.  With  mercuric  chloride,  the  original  chloride  yields  a  deriva- 
tive which,  in  aqueous  or  alcoholic  polution,  readily  decomposes  with 
elimination  of  hydrogen  chloride,  even  below  the  temperature  of  the 
water-bath. 

This  compound,  which  from  a  single  chlorine  determination  appears 
to  have  the  composition  CuHuN3S,H.Cl,HgCls,  forms  short  prisms 
which  in  the  dry  state  melt  at  128—129'  to  a  milky  liquid ;  at  140" 
gas  (hydrogen  chloride)  commences  to  be  evolved,  the  evolution 
becoming  very  violent  at  155°  and  upwards. 


Action  of  20  per  cent.  Stdphurtc  Add  on  the  Compound  Ci4Hi4]N',S,HCl. 

Eight  grams  were  heated  for  two  hours  at  170 — 180°,  as  in  the 
previous  experiments.  All  the  chloride  was  decomposed  with  separa- 
tion of  an  ill-defined  crystalline  mass,  but  there  was  no  appreciable 
evolution  of  gas  on  opening  the  tube.  The  crystalline  product  was 
purified  by  pressure  between  folds  of  bibulous  paper,  and  crystallisa- 
tion from  benzene ;  it  was  finally  obtained  in  the  form  of  hard, 
glassy,  oblique  prisms,  by  gradual  precipitation  of  the  benzene  solu- 
tion with  light  petroleum. 

Analytical  data — 

I.  0-2026  gram  gave  0-1026 gram  H,0  and  05125  gram  CO,. 
II.  0-2284  „  11-50  C.C.  of  nitrogen  at  13°  and  753  mm. 

III.  0-1408  „  0136  gram  BaSO*,  by  Carins'  method. 
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Theory  for 

CmHjjNSO.  Found. 

C 69- 13  per  cent.  68*98  per  cent. 

H 5-35        „  6-62 

N 676        „  5-86        „ 

S 1316        „  13-27 

0 6-58        „     (bydifF.)  6'27 

The  crystals  melt  at  96 — ^97^,  and  when  heated  to  200"*  in  a  sealed 
tnbe  only  a  trace  of  benzyl  mercaptan  is  formed;  when  rapidly 
heated  on  platinnm  foil,  the  irritating  odonr  of  phenyl  isocyanate  is 
easily  recognised.  The  compound  is  easily  sol  able  in  aloohol  and 
ether,  insolable  in  water  or  light  petroleum. 

With  silver  nitrate,  the  alcoholic  solation  gives  a  bulky,  white  pre- 
cipitate which  has  the  composition  CuHisNSO,2AgNOs. 

0'2515  gram  ignited  in  hydrogen  gave  0*092  gram  Ag. 

Thooiy  for  aboye.  Fonnd. 

Ag 37*05  per  cent.  36*58  per  cent. 

When  heated  with  alcoholic  solution  of  ammonia,  silver  benzyl 
mercaptide  is  formed,  while  half  the  silver,  together  with  carbaniU 
amide,  pass  into  solution.  This  decomposition  proves  the  original 
compound  to  be  the  expected  benzyl  phenyl thiocarbamate  formed, 
together  with  ammonia  (this  was  identified  in  the  aqueous  portion  of 
the  tube  contents),  according  to  Will's  equation  : — 

The  property  of  combining  directly  with  2  mols.  of  silver  nitrate 
appears  i 


to  be  characteristic  of  the  thiocarbamic  *'  esters." 


III.  Benssyjl  Ghhride  and  DiphenyUhiocarhamide. 

The  product  from  the  interaction  of  the  above  in  presence  of 
alcohol  forms,  after  purification,  small,  brilliant,  vitreous  prisms 
which  have  the  composition  C»HwN,SCl.  They  melt  at  152 — 153°, 
are  freely  soluble  in  alcohol,  almost  insoluble  in  water,  while, 
strangely,  they  melt  in  boiling  water  without  sensibly  dissolving. 

The  free  ba^e,  produced  by  the  action  of  alkali  on  the  alcoholic 
solution  of  the  chloride  and  precipitation  of  the  whole  with  water, 
forms  a  clear,  pale-yellow,  very  viscid  oil,  which  exhibits  no  signs  of 
crystallisation  after  standing  for  several  weeks  over  oil  of  vitriol.  It 
is  freely  soluble  in  alcohol,  ether,  and  benzene,  but  almost  insoluble 
in  water. 
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A  specimeD  (purified  as  far  ad  possible)  gave  the  following  data  : — 

T.  0*179  gram  gave  13*7  c.c.  of  nitrogen  at  15**  and  765  mm. 
II.  0*212  „  by  Carina'  method,  followed  by  fusion  with 

potassium  nitrate,  0*149  gram  BaSOi. 

Theory  for 

CgoHigNsS.  Fonnd. 

N 8*80  per  cent.  8*97  per  cent. 

S 10-06        „  9*62 

This  base  is  most  probably  benzyl  phenylimidophenylthiocarbamate 

NH*C  H 
and  its  constitution  CeHft'NiC^Co.prrtriTT  • 

It  is  a  thin  liquid  at  the  temperature  of  the  water-bath,  and  this, 
when  poured  into  ice-cold  water,  forms  a  mass  resembling  plastic  sul- 
phur in  consistency.  It  is  freely  soluble  in  alcohol,  ether,  chloroform, 
and  benzene.  The  metameric  thiocarbamide  which  I  have  quite  recently 
obtained  melts  at  103°,  and  shall  be  described  shortly  in  another 
communication. 

The  above  base,  when  heated  with  20  per  cent,  sulphuric  acid  in  a 
sealed  tube  at  170°,  decomposes  in  a  manner  similar  to  the  mono- 
phenyl-derivative,  aniline  being  formed  as  the  secondary  product, 
thus : — 

aH..N:C<^.5^'g'^'  +  H,0  =  CO<f.g'g«^»  +  NH.-C.H,. 

This  decomposition  points  to  the  above  constitution. 

The  picrate  precipitated  from  its  alcoholic  solution  by  water  forms, 
after  drying,  an  orange-yellow  mass,  which  does  not  appear  to  be  a 
definite  compound.  A  mercurochloride  was  prepared  in  the  form  of 
small,  heavy,  white  prisms  having  the  composition  C2oni9]N'2SCl,HgCli. 

Analytical  data — 

I.  0*2344  gram  gave  016  gram  AgCl. 

II.  0*335  gram  distilled  with  PbCrOi,  and  a  layer  of  CaO  in  front, 
gave  0'1065  gram  Hg. 

Theory  for  aboye.  Fonnd. 

CI 17*02  per  cent.  16*87  per  cent. 

Hg 3200        „  31*79 

Whilst  the  compound  easily  decomposes  in  presence  of  alcohol, 
losing  hydrogen  chloride,  the  crystals  melt  at  136°  to  an  opalescent 
liquid  from  which  gas  (hydrogen  chloride)  commences  to  be  evolved 
at  160°. 
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rV.  AUyl  Bromide  and  Thiocarhamide, 

These,  wLen  dissolved  in  alcoliol  in  molecnlar  proportion,  interact 
readily  on  the  application  of  a  gentle  heat,  and  combination  is  com- 
plete after  a  few  minntes'  boiling.  The  product  separates  by  slow 
evaporation  of  the  alcoholic  solution  in  lanceolate  combinations  of 
large,  flat,  obliqne  prisms  very  freely  soluble  in  water  and  alcohol. 

They  have  the  composition  CiHsNjSBr. 

0-5125  gram  gave  0*4825  gram  A^Br  =  Br  40-38  per  cent.    Theory 
for  above  =  40*60  per  cent. 

The  substance  melts  at  84 — 85** ;  it  is  very  deliquescent,  and  easily 
forms  supersaturated  solutions  both  in  water  and  alcohol ;  it  is  in- 
soluble in  ether,  chloroform,  and  benzene. 

The  free  base,  which  is  easily  soluble  in  water,  could  not  be 
isolated  in  the  pure  state  on  account  of  the  extreme  ease  with  which 
it  decomposes  into  allyl  mercaptan  and  cyanamide.  The  freshly -pre- 
pared aqueous  solution  obtained  by  the  addition  of  alkali  to  the 
bromide,  when  shaken  with  ether  yields  the  greater  part  of  the 
base  to  the  latter  solvent ;  such  a  solution  when  evaporated  in  a.  rapid 
current  of  air  yields  a  residue  which,  in  spite  of  the  low  temperature 
attained,  is  little  better  than  a  mixture  of  the  mercaptan  and  cyau- 
amide,  both  of  which  can  be  easily  separated  and  identified.  From  the 
residue  left  on  evaporation  of  the  aqueous  solution  (residue  from 
ethereal  extract),  a  small  quantity  of  allylthiocarbamide  (m.  p.  78^) 
was  extracted.  A  tendency  to  revert  to  the  metamenc  and  more 
stable  thiocarbamide  was  not  noticed  in  any  of  the  other  bases 
described  in  this  paper,  and  in  the  present  case  it  is  most  probably 
due  to  a  recombination  of  liberated  mercaptan  and  cyanamide.  The 
salts  of  this  base,  on  the  other  hand,  are  well  defined  and  very 
characteristic.  The  sulphate,  produced  by  action  of  sulphuric  acid  or 
silver  sulphate  on  the  bromide,  crystallises  from  water  in  clusters  of 
large,  needle-like  prisms  having  a  silky  lustre. 

These  have  the  composition  (C4HsN,S)sS04. 

0*316  gram  gave  0*224  gram  BaSO^,  or  SO4  =  29*20  per  cent. 
Theory  =  29*09  per  cent. 

The  solution,  mixed  with  chromium  sulphate  and  allowed  to  remain 
for  several  weeks,  yields  fine  crystals  of  an  alum  :  the  yield,  however, 
is  comparatively  small.  Its  formation  cannot  be  hastened,  but  when 
once  produced  it  is  fairly  stable,  and  may  be  crystallised  from  a  solu- 
tion of  chromium  sulphate  in  an  almost  pure  state,*  as  the  following 
analytical  results  show. 

*  It  partly  decompofet  when  crystallifled  from  pure  water. 
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The  crystals,  which  resemble  ordinary  chrome  alum,  have  the  com- 
position (C«H9N,S),Cr,(SO«)«,24H,0. 

I.  0-3013  gram  at  120'*  C.  lost  01135  gram  H,0. 
II.  0-3013  gram  gave  0040  gram  Cr.O,. 
ni.  0-2256         „         0-186  gram  BaSO*. 

Found.  Theory  for  aboye. 

HaO 37-67  per  cent.  37-43  per  cent. 

Cr 911         „  901 

SO4 3400        „  33-27 

The  numbers  obtained  point  to  the  presence  of  a  slight  excess  of 
chromium  sulphate  in  the  crystals. 

With  picric  acid,  the  allyl  base  yields  a  very  characteristic  com- 
pound which  crystallises  from  the  hot  aqueous  solution  in  large, 
orange-yellow,  highly  refracting  prisms;  these  are  easily  obtained 
from  two  to  three  inches  long.  They  melt  at  141 — 142"*,  and  have  the 
composition  C4H8NaS,CeH,(NO,),-OH. 

0-172  gram  gave  29*8  c.c.  nitrogen  gas  at  14^  and  756'5  mm., 
or  N  =  20-18  per  cent.     Theory  =  2038  per  cent. 

The  chloride,  CiHiNjSCl,  prepared  from  allyl  chloride  and  thio- 
carbamide,  resembles  the  bromide,  and  melts  at  91 — 92**.  With 
platinum  chloride,  it  yields  an  orange-red  platinochloride,  which, 
however,  is  a  decomposition-product.  With  mercuric  chloride,  a 
derivative  is  obtained  which,  in  solution,  easily  decomposes  yielding  a 
crystalline  precipitate  of  a  mercurial  derivative,  decomposing  with 
formation  of  sulphide  by  action  of  alkali. 

Action  of  20  per  cent  Sulphurte  Add  on  the  Compound  CtHsNtSBr. 

When  heated  for  a  couple  of  hours  at  160°,  as  in  the  previous  ex- 
periments, this  compoand  yields  as  a  decomposition-product  a  dark- 
brown  oil,  while  carbon  dioxide,  with  a  trace  of  sulphuretted  gases,  is 
evolved  on  opening  the  tube.  The  oil  was  taken  up  with  ether,  and 
the  solution,  dried  over  calcium  chloride,  was  distilled,  as  far  as 
possible,  on  the  water-bath.  The  residual,  clear-brown  oil  was  finally 
dried  for  several  days  over  oil  of  vitriol  in  a  vacuum.  It  has  a  most 
disagreeable  and  persistent  fetid  odour  which  is  quite  distinct  from 
that  of  allyl  mercaptan,  and  in  the  very  dilute  state  bears  some 
resemblance  to  the  odour  of  mushrooms.  The  quantity  of  material 
at  my  disposal  was  small,  and,  being  concerned  for  the  present 
merely  with  the  identification  of  the  substance,  I  have  not  attempted 
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any  fnriher  purification  of  the  oil.     The  odour  also  renders  it  a  very 
disagreeable  substanoe  to  work  with. 

The  properties  of  the  oil  exclade  the  presence  of  any  allyl  mer- 
captan,  riz. : — 

1.  With  mercuric  chloride,  a  faint,  cloudy  precipitate,  which 
blackens  on  heating. 

2.  The  oil  is  not  freely  soluble  in  cold  alcohol. 

3.  It  may  be  heated  to  100"*  without  much  volatOisation  (CsH»*SH 
boils  at  90°). 

The  absence  of  the  mercaptan  being  pi«oyed,  the  subjoined 
analytical  data,  though  not  very  satisfactory,  leave  little  doubt  that 
the  oil  obtained  as  above  is  an  impure  specimen  of  the  hitherto 
undescribed  allyl  disulphide. 

L  0-1942  gram  burnt  with  PbCrO*  gave  0-119  gram  H,0  and 

0-321  gram  CO,. 
TI.  0-2596  gram  gave  0166  gram  H,0  and  0436  gram  CO,, 
in.  0-1954  „         by  Carius'  method,  followed  by  fusion  with 

potassium  nitrate,  0*584  gram  BaSOi. 

Found. 

Theory  for                            ,                   *  -> 

(CHOA.                           I.               II.  III. 

C 49-31  per  cent.        4507        46-69  — 

H 6-84        „                6-80          7-01  — 

S 43-83        „                -.             _  41-08 

Id  the  second  analysis,  tbe  oil  had  been  previously  heated  for  some 
time  at  100^,  and  cooled  in  a  vacuum.  It  was  fonnd  to  contain,  in 
addition  to  the  above,  1-92  per  cent,  of  nitrogen.  Though  the  result 
is  not  so  satisfactory,  it  is  ou  the  whole  in  harmony  with  that  of  the 
benzol-derivative,  and  favours  the  couclusions  deduced  therefrom. 

V.  Allyl  Bromide  and  Manophenylthiocarhamide, 
Interaction  readily  takes  place  in  alcoholic  solution,  and  is  complete 
after  a  few  minutes'  boiling.  The  product,  after  evaporation  of  the 
solvent,  is  a  viscid  liquid  which  does  not  crystallise.  When  the 
substances  act  in  the  absence  of  any  solvent,  combination  takes  place 
quietly,  and  if  any  excess  of  either  over  the  molecular  proportion  be 
used,  it  remains  unchanged.  At  the  ordinary  temperature,  the 
compound  CioHisNgSBr  is  a  remarkably  viscid  liquid,  of  a  pale  yellow 
colour,  and  requires  several,  days  to  regain  its  level  when  placed  in  a 
horizontal  position  ;  at  the  temperature  of  the  water-bath  it  has  the 
consistency  of  a  thin  syrup.  It  is  freely  soluble  in  water  and  alcohol, 
insoluble  in  benzene  or  ether. 


Digitized  by  VjOOQIC 


302  WBECnSR:   COXTRIBUTIOXS  TO  THE 

The  free  base  is  precipitated  as  a  thick  oil,  on  the  addition  of 
alkali  to  the  aqueous  solution  of  the  bromide;  the  ease  with  which  it 
decomposes,  with  liberation  of  allyl  mercaptan,  has  prevented  me 
from  obtaining  the  base  in  a  pure  state,  notwithstanding  the  precau. 
tions  taken  in  the  following  method  of  procedure.  To  the  aqueous 
solution  of  the  bromide,  containing  pieces  of  ice,  a  little  less 
than  the  required  amount  of  alkali  was  slowlj  added  with  constant 
agitation.  The  precipitated  oil  was  removed  by  ether,  and  the 
solution,  dried  hj  rapid  shaking  with  anhydrous  copper  sulphate,* 
was  evaporated  as  far  as  possible  in  a  current  of  dry  air.  The 
residual  oil,  which  smelt  of  allyl  mercaptan,  was  finally  dried  over  oil 
of  vitnol  for  a  short  time  under  reduced  pressure.  As  the  analyses 
show,  there  was  slight  decomposition,  with  loss  of  the  mercaptan, 
thereby  giving  a  residue  richer  in  nitrogen  and  poorer  in  sulphur 
than  the  pure  base. 

Data: 

I.  01826  gram  gave  24*8  c.c.  of  nitrogen  at  13**  and  753*5  mm. 
TI.  0-2135  „  by  Carius'  method  0*242  gram  BaSO*. 

Theory  for 

Oi^HwNjS.  Found. 

N 14"  58  per  cent.  15*82  per  cent. 

S 16-66        „  15*58 

These  numbers  correspond  to  a  product  containing  between  92  and 
93  per  cent  of  the  pure  base.  The  substance  analysed  was  a  clear, 
golden-yellow  oil,  freely  soluble  in  alcohol,  ether,  benzene,  and 
chloroform.  On  gentle  heating,  it  decomposes  freely  into  allyi 
mercaptan    and    phenyl  cyanamide.     The  base  is   therefore  most 

probably  allyl    imidophenylthiocarbamate,    NHIC<g.p  u*    **  and  is 

metaraeric  with  allylphenylthiocarbamide,  m.p.  98**. 

The  picrate  separates  from  its  hot  aqueous  solution  in  rosettes  of 
microscopic  needles  of  a  pale  sulphur-yellow  colour ;  they  melt  at 
133'. 

When  heated  with  20  per  cent,  sulphuric  acid,  this  base  yields, 
besides  ammonia,  a  foul  smelling  oil,  while  there  is  evolution  of 
carbon  dioxide  on  opening  the  tube.  1  have  not  attempted  to  purify 
the  oil,  as  a  detailed  study  of  these  allyl-derivatives  is  not  desirable 
at  present,  my  purpose  being  sufficiently  served  with  the  examination 
of  the  benzyl-derivatives.  I  may  add,  however,  that  from  the 
behaviour  of  the  crude  oil  towards  silver  nitrate,  1  have  little  doubt 
as  to  its  being  a  mixture  of  CONHCHft-S-CaHj  and  CsHj-SH,  the 

*  This  was  found  to  be  the  best  substance  for  the  purpoM  :  cftlcium  chloride  is 
too  slow  in  its  action,  and  an  alkaU  effects  immediate  decompositiou. 
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latter  arising  from  deconipoRition  of  the  thiocarbamate.   The  presence 
of  the  carbon  dioxide  also  points  to  this. 

YI.  Allyl  Bromide  cmd  Diphenylthioearhamide. 

These  substances  require  half  an  hoar's  boiling  in  alcoholic  solu- 
tion, before  the  action  is  complete.  The  new  product  crystallises 
readilj  from  the  solution  in  small,  colourless,  truncated  prisms, 
which  are  easily  purified  by  a  single  crystallisation. 

They  melt  at  170 — 171°  with  decomposition,  and  have  the  compo- 
sition CMH„N,SBr. 

0-2292  gram  gave  0-1225  gram  Ag  Br,  or  Br  =  2286  per  cent. 

Theory  for  above  =  22*92  per  cent 

The  compound  is  freely  soluble  in  hot  alcohol,  much  less  so  in  the 
cold,  and  almost  insoluble  in  water. 

The  free  base,  which  in  this  case  is  comparatively  stable,  is  pre- 
cipitAted  as  a  thin,  nearly  colourless  oil,  when  an  alcoholic  solution 
of  the  bromide,  mixed  with  alkali,  is  poured  into  cold  water.  A 
quantity,  separated  and  treated  in  the  same  manner  as  the 
previous  allyl-compound,  was  finally  obtained  as  a  clear,  pale-yellow 
oil,  which,  after  a  night's  exposure  over  oil  of  vitriol  in  a  vacnum, 
completely  solidified  to  a  hard,  feathery,  crystalline  mass,  perfectly 
free  from  the  odour  of  allyl  mercaptan. 

By  solotion  in  alcohol  and  careful  precipitation  by  water,  the  base 
may  be  obtained  in  very  thin,  six-sided  plates. 

These  have  the  composition  GieHieN^S,  and  melt  at  57 — 58^  giving 
oE  allyl  mercaptan  a.  few  degrees  higher. 

Analytical  data : 

I.  0-248  gram  gave  22*6  c.c.  of  nitrogen  at  13"  C.  and  7675  mm. 
II.  0-2139        „         01 18  gram  H,0  and  0559  gram  CO.. 
111.  01 195        „         by  Carius'  method  0105  gi-am  BaSO*. 

Theory  for 

UieHisNsS.  Found. 

N 1044  per  cent.  10*62  per  cent. 

C 71-64        „  71-27 

H 5-97        „  6*12 

S 11*94        „  12*07 

The  compound  is  freely  soluble  in  alcohol,  ether,  and  chloroform, 
almost  insoluble  in  water ;  when  heated  above  its  melting  point,  it 
quickly  decomposes  evolving  aJIyl  mercaptan,  and  at  130 — 140*"  a 
residue  is  obtained,  having  all  the  properties  of  carbo-diphenylimide. 
The  base   is   most   probably  allyl  phenylimidophenylthiocarbamate 
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C«H5'NIC<o.fi  H  ^**  metameric  thiocarbamide  does  not  appear 

to  have  been  yet  described. 

The  chloride,  CiiiHnN2SCl,  from  alljl  chloride  and  thiocarbanilide, 
forms  crystals  melting  at  126 — 127**. 

The  picrate  is  an  oil,  almost  insolnble  in  water;  with  mercnric 
chloride,  a  derivative  is  obtained  which  easily  undergoes  change. 
Like  the  previous  base,  this  compound  when  heated  with  dilute 
sulphuric  acid  yields  a  foul-smelling  oil  containing  allyl  mercaptan. 

The  three  allyl-derivatives  just  described  all  combine  directly  with 
bromine  and  chlorine,  which  proves  that  the  unsaturated  character 
of  the  allyl-group  has  remained  intact  during  the  interactions. 

Before  concluding,  1  wish  to  add  that  the  present  paper  must  be 
considered  only  as  the  first  part  of  an  investigation  as  yet  incomplete ; 
I  therefore  refrain  from  drawing  any  conclusions  as  r^jfards  the 
bearing  of  the  results  upon  the  constitution  of  thiocarbamide  and  its 
derivatives,  until  I  have  studied  the  action  of  the  alkylogens  on  the 
other  phenylated  homologues,  and  completed  the  examination  of  the 
mercnrochlorides. 

University  Laboratory^ 

Trinity  College^  Dublin. 


XXII. — DerivaHves  of  PhenylheoMimethylene.* 

By  F.  Stanley  Kippckg,  Ph.D.,  D.Sc.,  and  W.  H.  Pbrkin,  Jun., 

Ph.D. 

In  a  paper  published  some  time  since  (Trans.,  1887,  51,  717),  it  was 
shown  that  methyldehydrohezonecarbozylio  acid,  when  boiled  with 
water,  is  converted  into  acetobutyl  alcohol  and  carbonic  anhydride, 
thus : — 

COOhI^I;  -^  ^«°  =  CH..CO.CH..CH..OH,.CH..OH  +  CO.. 

In  studying  the  action  of  water  on  pheuyldehydrohexonecarboxylic 
acid  (he,  cit.<,  p.  733),  a  similar  change  was  found  to  take  place,  the 
acid  decomposing  into  benzoylbutyl  alcohol, 

06H,-COCH,*CH,-CH,-CH,-OH, 
and  carbonic  anhydride. 

•  Cf,  Chem.  Soc.  Proeeedtngt,  1889, 161. 
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The  two  analogously  constitnted  alcohols  thus  obtained  exhibit  a 
most  remarkable  difference  in  point  of  stability.  Acetobutyl  alcohol 
boils  with  only  very  slight  decomposition  at  226 — 227*,  whereas 
benzoylbntyl  sJcohol,  when  only  gently  warmed,  is  decomposed  at 
once  into  phenyldehydrohexone  and  water,  thus : — 

CHj-CO-CflaCHj-CHa-CHa-OH  =  C«Hft.(^— 0— CHa  _^  jf^Q 

CH-CHaCHa 

The  tendency  of  this  alcohol  to  undergo  internal  condensation  is  so 
great,  that  when  the  crystalline  substance  is  placed  over  sulphuric 
acid,  the  crystals  are  soon  converted  into  a  colourless  oil,  which  on 
investigation  was  found  to  consist  of  pure  phenyldehydrohexone. 
This  remarkable  behaviour,  and  the  fact  that  benzoylbntyl  alcohol 
had  only  been  obtained  in  very  small  quantities,  and  therefore  very 
imperfectly  examined,  made  it  advisable  to  repeat  the  experiment's 
with  larger  quantities,  in  order  to  study  the  points  of  resemblance 
and  difference  between  this  alcohol  and  acetobutyl  alcohol. 

A  considerable  quantity  of  phenyl  dehydrohexonecarboxylic  acid 
was  therefore  prepared,  dissolved  in  ammonia,  reprecipitated  by  a 
dilute  acid,  and  the  resulting  finely-divided  substance  boiled  with  a 
large  quantity  of  water  for  some  hours  on  a  reflux  apparatus.  As 
soon  as  the  evolution  of  carbonic  anhydride  had  ceased,  the  flask  was 
put  on  one  side,  and  allowed  to  cool  slowly. 

The  solution,  which  soon  becomes  turbid,  deposits  a  considerable 
quantity  of  the  benzoylbntyl  alcohol  in  oily  drops,  which  solidify  on 
cooling ;  but  in  some  cases  the  liquid  becomes  filled  with  large,  trans- 
parent, leafy  crystals.  These  beautiful  crystals  melt  at  40 — 41",  and 
do  not  change  when  kept  for  months  under  ordinary  conditions ;  but 
if  a  crystal  is  placed  over  sulphuric  acid  in  a  desiccator,  in  the  course 
of  half-an-hour,  and  often  in  a  very  few  minutes,  it  entirely  disap- 
pears, leaving  an  oily  residue  of  pure  phenyldehydrohexone.  The 
same  change  naturally  takes  place  when  the  crystals  are  heated,  but 
boiling  with  water  seems  to  have  little  effect  on  them. 

Benzoylbntyl  alcohol  and  hydroxylamine  combine  readily,  yielding 
a  crystalline  oxime,  CeH6-C(N0H)-CHa-CHa-CHa-CHa-0H,  melting 
at  56—57°. 

Sodium  amalgam  converts  it  into  phenvlpentamethylene  glycol : — 

CeH,COCHa-CHa-CHa-CHa-OH  +  H,  = 

C5H»-CH(0H)-CHa-CHa-CHa-CH,-0H. 

This  glycol  crystallises  in  needles  which  melt  at  about  54° ;  it  is  far 
more  stable  than  benzoylbntyl  alcohol,  and  may  be  kept  over  sul- 
phuric acid  under  reduced  pressure  for  apparently  any  length  of  time 
without  change. 

VOL.  LVII,  Y 
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This  behaviour  is  in  accordance  with  preyions  obsenrations,  as  it 
has  been  fonnd  that  the  ketone  alcohols  are  invariabl  j  less  stable  than 
the  glycols  obtained  from  them  by  redaction. 

The  preparation  of  phenylpentamethjlene  dibromide, 

CeHj-CHBrCHj-CHj-CH^-CH^Br, 

from  the  glycol  was  fonnd  to  be  a  rather  difficult  matter,  because 
when  the  glycol  is  treated  with  a  faming  solution  of  hydrogen 
bromide,  the  monobromide  which  is  first  formed  is  so  insoluble  that 
very  little  farther  action  takes  place,  except  at  temperatures  so  high 
thafc  the  resulting  dibromide  suffers  decomposition. 

Pure  phenylpentamethylene  dibromide  was,  however,  ultimately 
prepared  by  the  action  of  phosphorus  pentabromide  on  the  chloroform 
solution  of  the  glycol.  It  is  a  thick,  almost  colourless  oil,  which  on 
standing  becomes  slightly  yellowish. 

In  a  previous  communication,  by  P.  C.  Freer  and  one  of  us  (Trans., 
1888,  53,  202),  it  was  shown  that  when  ethyl  sodiomalonate  or 
ethyl  sodioacetoacetate  is  treated  with  methylpentamethylene   di- 

bromide,    derivatives    of    methylhexaraethylene,  •  Att* 

0x13*0  Ms'Orli 

are  formed.     It  appeared  very  interesting  to  determine  whether 

analogous  derivatives  of  phenylhexamethylene  (hexahydrodiphenyl), 

CH<gg:^2>^*^^<c£cH2>^^»'  could  be  obtained  in  like 
manner  from  phenylpentamethylene  bromide.  The  experiments 
instituted  with  this  object  are,  briefly  described,  the  following : — 

Ethyl  malonate  (2  mols.),  sodium  ethoxide  (2  mols.),  and  phenyl- 
pentamethylene dibromide  (1  mol.)  were  digested  together  in 
alcoholic  solution  for  some  time.  An  action  sets  in  readily,  and  a 
thick,  yellow  oil  is  formed,  which,  as  shown  by  its  behaviour  on 
hydrolysis,  undoubtedly  contains  ethyl  phenylhexamethylenedicarb- 
oxylate  (2:1:  1). 

2CHNa(COOC,H6),  4-  CeH.-CHBr-CHa-CH.-CH^-CH.Br  = 

K&^H.,  +  OH.(COO<«).  +  .N.B,. 

Ethyl  phenjlhezamethylenedicarbozylate. 

On  hydrolysis,  this  ethereal  salt  yields  the  dicarboxylic  acid,  which, 
when  heated  at  160**,  is  resolved  into  carbonic  anhydride  and  phenyl- 
hexamethylenecarboxylic  acid  (2:1). 

CHa-CHj-CH-CcHfi      _  CHa-CHj-CH-CeH, 
CHa-CH,-C(COOH)a       CHa-CH,-CH-COOH  "^        *' 
Fhenylhexftinethylenedi-       Phenylhexamethylenemono- 
carboxylio  acid  (2:1:1).  carbozylic  aoid  (2:1). 
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Daring  this  operation  the  liquid  gets  darker  and  darker,  owing  to 
partial  decomposition,  and  the  resulting  dark-brown  oily  acid  ig 
extremely  difficnlfc  to  purify ;  it  was,  however,  obtained  in  a  pure 
condition  by  conversion,  first  into  the  barium  salt,  and  then  into  the 
crystalline  ammonium  salt,  which  was  subsequently  decomposed  with 
dilute  sulphuric  acid. 

Phenylhexamethylenemonocarbozylic  acid  crystallises  from  light 
petroleum  in  compact,  well-defined  prisms  which  melt  at  104 — 105°. 
Its  solution  in  carbonate  of  soda  does  not  decolorise  potassiam  per- 
manganate, even  when  allowed  to  stand  for  some  time.  This 
behaviour  shows  that  this  acid  is  a  saturated  compound  (compare 
von  Baeyer,  Anncden,  245,  147),  and  it  must  therefore  have  the  con- 
stitution assigned  to  it  above. 

In  studying  the  action  of  methylpentamethylene  dibromide  on 
«thyl  sodiomalonate  and  ethyl  sodioacetoacetate,  it  was  found  that 
hexamethylene-derivatives  are  formed  in  both  cases  (Freer  and 
Perkin,  Trans.,  1888,  53,  204.  Compare  "  Action  of  Trimethylene 
Bromide  on  Ethyl  Sodioacetoacetate,"  Trans.,  1887,  51,  709)'. 

It  appeared  probable,  therefore,  that  if  ethyl  acetoacetate  was  sub- 
stituted for  ethyl  maionate, -the  crude  product  woald,  on  hydrolysis, 
yield  phenylhexamethylenecarboxylic  acid.  Our  experiments  in  this 
direction  have  fully  borne  out  these  expectations. 

Phenylpentamethylene  dibromide  and  ethyl  sodioacetoacetate  react 
readily,  when  warmed  together  in  alcoholic  solution,  with  formation 
of  a  yellowish  oil,  which,  as  is  seen  from  its  decomposirion  on 
hydrolysis,  is  evidently  ethyl  acetylphenylhexamethylenecarboxylate 
<1:2:1). 

I.  ^§J^^>CHNa  +  C.H.-CHBrCH,-CH,-OH,-CH,Br  = 

(,^J^'^>CH-CH(CA)-CH,-CHa-CH/CH,Br  +  NaBr. 

II.  j,^J^^>CH-CH(C.Hj)-CH,-CH,-CH»-CH,Br  +  0,H.-ONa 

CHj*CHj'CH'C«Hj  1      -HT    -o        1     r<  TT    rwTT 

=  6h,ch..6(CO-ch.).cooc.h.  +  ^*^'  +  ^'^-o^- 

Ethylic  aoetylphenylhezamethjlene- 
carbozylate  (1:2:1). 

On  hydrolysis,  the  crude  ethereal  salt  yields  phenylhexamethylene- 
carboxylic  acid  and  phenylhexamethylene  methyl  ketone,  thus : — 
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CH,-CH,-9H-C.H.  4.2KOH- 

CH,-CH,-C(CO'CH,)-COOC,H,    ^  ~ 

Potasflium  phenylhexamethylene- 
oarboxylate  (2:1). 


°K:P-"- —  — = 


5(C0-CH,)-C00C,H. 


CH,-CH,-(j5I 
CHaCH.-Cl 


+  CjHfi-OH  +  K,CO,. 


Phenylhexamethylene  methyl 
ketone  (2:1). 

Tbe  phenylhexamethylenecarboxylic  acid  obtained  by  this  method 
is  rather  easier  to  purify  than  that  formed  by  the  decomposition  of 
the  dicarboxylic  acid.  A  careful  comparison  of  the  two  products  has 
shown  that  they  are  identical. 

Phenylhexamethylene  methyl  ketone  is  produced  in  small  quantity 
by  the  hydrolysis  of  ethylic  acetylphenylhezamethylenecarboxylate 
with  potassium  hydrate ;  it  crystallises  in  needles  which  melt  at  about 
78 — 79**.  It  combines  readily  with  hydroxylamine  forming  a  syrupy 
hydroxime,  which  was  not  obtained  in  a  crystalline  condition. 

PTienyldehydrohexonecarhoxylic  Acid, 

In  preparing  phenyldehydrohexonecarboxylic  acid  the  following 
method  has  been  found  to  give  the  best  results : — 

Ethyl  benzoylacetate  (50  grams)  is  gradually  added  in  small  por- 
tions at  a  time  to  a  solution  of  sodium  (6  grams)  in  absolute  alcohol 
(72  grams),  the  mixture  being  well  cooled  after  each  addition  of  the 
ethereal  salt ;  the  trimethylene  bromide  (52*5  grams)  is  then  added, 
and  the  solution  heated  on  the  water-bath  for  about  an  hour  in  a 
flask  provided  with  a  reflux  condenser.  The  flask  is  then  cooled 
under  the  tap,  an  alcoholic  solution  of  sodium  (6  grams)  added  iiv 
small  quantities  at  a  time  to  the  well-cooled  solution,  and  the  mixture 
heated  again  on  the  water-bath  for  about  two  hours.  After  distilling 
off"  the  alcohol,  the  residue  is  treated  with  water,  the  oil  extracted 
with  ether,  and  the  ethereal  solution  dried  and  evaporated. 

Ethyl  pheuyldehydrohexonecarboxylate  (58  grams)  is  thus  obtained 
as  a  thick,  brown  oil,  which,  on  cooling,  partially  solidifies;  after 
keeping  for  about  24  hours,  the  crystals  are  separated  by  flltration 
and  washed  with  a  little  alcohol.  The  yield  of  the  pure  crystalline 
compound  is,  on  the  average,  175  grams  from  50  grams  of  ethyl 
benzoylacetate ;  the  mother  liquors  still  contain  a  large  quantity  of 
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-^thjl  phenyldebydroliexonecarboxylate,  which  cannot  easilj  be 
isolated,  bat  £1*001  which  it  is  not  diflicnlt  to  obtain  a  considerable 
quantity  of  the  pure  acid  in  the  manner  described  below. 

Phenyldehydrohezonecarboxylic  acid  is  easily  obtained  in  a  pnre 
condition  by  boiling  the  crystalline  ethereal  salt  with  a  concentrated 
solution  of  alcoholic  potash;  after  distilling  off  the  alcohol,  the 
residue  is  dissolved  in  water,  the  cold  solution  acidified  with  dilute 
sulphuric  acid,  the  precipitated  acid  separated  by  filtration,  washed 
with  cold  water,  and  recrystallised  from  alcohol.  The  yield  is  almost 
theoretical,  17*5  grams  of  the  crystalline  ethereal  salt  giving  15'3  ^f 
grams  of  the  pure  acid,  f*^ 

A  further  quantity  of  the  acid  can  be  obtained  by  hydrolysing  the  ^'' 
oily  mother  liquors  from  the  crystalline  ethyl  phenyldehydrohexone-  /  / 
carboxylate,  as  described  above ;  after  boiling  for  about  six  hours,  the 
alcohol  is  distilled  off,  the  residue  treated  with  water,  and  the  solution  >  ^y 
extracted  twice  with  ether  to  remove  acetophenone  and  other  oily 
impurities.  The  alkaline  solution  is  then  acidified  with  dilute  sul- 
phuric acid,  and  the  precipitated  oil  extracted  with  ether.  On 
evaporating  the  dried  ethereal  solution,  there  remains  a  dark-brown 
oil,  which  soon  solidifies.  This  product  is  a  mixture  of  benzoic  acid 
and  phenyldehydrohexonecarboxylic  acid;  it  is  first  spread  on  a 
porous  plate  to  free  it  from  small  quantities  of  oily  imparities, 
-and  then  fractionally  recrystallised  from  alcohol.  In  this  way  about 
6  grams  of  pure  phenyldehydrohexonecarboxylic  acid  can  be  obtained 
from  the  oily  mother  liquors  produced  from  50  grams  of  ethyl  beuzoyl- 
acetate,  so  that  the  total  yield  of  the  pure  acid  is  about  23'5  grams 
from  50  grams  of  ethyl  benzoylacetate. 

Bemoylhutyl  Alcohol,  C0Ph-[CH2],-CHa-0H. 

The  benzoylbutyl  alcohol  employed  in  these  experiments  was  pre- 
pared as  previously  described  (Trans.,  1887,  51,  733),  namely,  by 
boiling  finely-divided  phenyldehydrohexonecarboxylic  acid  with  a  large 
volume  of  water.  As  soon  as  the  evolution  of  carbonic  anhydride  is 
at  an  end,  the  hot  solution  is  filtered  in  order  to  separate  the  phenyl- 
dehydrohexone, which  is  produced  in  considerable  quantities,  especially 
if  only  comparatively  small  quantities  of  water  are  employed.  When 
the  aqueous  solution  is  allowed  to  cool  slowly,  some  of  the  ketone 
alcohol  separates  in  an  oily  condition,  but  when  kept  for  a  long  time 
in  the  cold,  the  oil  gradually  solidifies  and  a  considerable  quantity  of 
beautiful,  iridescent  crystals  are  obtained.  As  benzoylbutyl  alcohol 
had  not,  up  to  this  time,  been  obtained  in  a  crystalline  condition,  the 
•crystals  were  separated  by  filtration,  dried  for  about  three  days  on  a 
porous  plate,  and  then  analysed  with  the  following  result — 
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0*2252  gram  of  substance  gave  0*6110  gram  of  C02  and  OlbdT 
gram  of  HjO. 

Calculated  for 
CiiH,40,.  Found. 

C 74-15  per  cent.  73*99  per  cent. 

H 7-87        „  7-87 

0 17*98        „  18*14 

Benzoylbntyl  alcohol  crystallises  from  water  in  beaatiful,  iridescent, 
transparent  plates  melting  at  40 — 41°.  Some  of  the  crystals  were 
measured  nnder  a  microscope  provided  with  a  graduated  circle ;  the- 
measarements  are  given  in  the  following  diagram. 


It  is  readily  soluble  in  alcohol,  methyl  alcohol,  ether,  benzene,  and' 
most  of  the  ordinary  organic  solvents,  but  only  very  sparingly  in  light 
petroleum. 

When  the  crystalline  benzoylbntyl  alcohol  is  placed  in  a  desiccator 
over  sulphuric  acid,  it  rapidly  liquefies  and  is  completely  converted 
into  phenyldehydrohexone  according  to  the  equation — 

COPh-[CHa],-CH,-OH  =  CHa<^5-.^^^>0  +  H,0. 


Benzoylhutyl  Alcohol  Oxime,  OH-N:CPh-[CH,]3-CH2-OH. 

Benzoylbntyl  alcohol  oxime  is  prepared  by  treating  the  crystalline 
ketone  alcohol  (1  gram)  with  hydroxylamine  hydrochloride  (0*5  gram) 
and  potash  (3  grams)  in  cold  dilute  alcoholic  solution.  After  keep- 
ing for  about  24  hours  at  the  ordinary  temperature,  the  alcohol  i& 
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evaporated  on  the  water.bath,  the  residne  treated  with  water,  the 
solation  slightly  acidified  with  dilute  snlphnric  acid,  and  the  pre> 
cipitated  oil  extracted  with  ether.  The  thick,  jellowish  oil  (1  gram) 
which  remains  when  the  ether  is  evaporated  was  kept  over  sulphuric 
acid  under  reduced  pressure  for  about  two  days,  and  then  analysed 
with  the  following  result — 

02109  gram  of  substance  gave  12*4  c.c.  of  nitrogen  measured  at 
20^  and  752  mm. 

Calonlated  for 
CiiHijNO,.  Found. 

N 7*25  per  cent.  7'31  per  cent. 

After  keeping  the  oil  for  some  weeks  in  a  desiccator,  it  showed 
signs  of  crystallising,  and  on  rubbing  it  with  a  glass  rod  the  whole 
solidified  to  a  colourless,  crystalline  mass.  The  crystals  were  spread 
on  a  plate  to  free  them  from  traces  of  oil,  then  dissolved  in  warm 
benzene,  and  the  solution  allowed  to  cool  slowly. 

Benzoylbutyl  alcohol  oxime  is  thus  obtained  in  transparent  micro- 
scopic plates  melting  at  56 — 57*.  It  is  very  readily  soluble  in 
chloroform,  methyl  alcohol,  warm  benzene,  and  most  organic  solvents, 
but  only  sparingly  in  light  petroleum  and  in  water ;  it  dissolves  freely 
in  potash,  in  hydrochloric  acid,  and  in  concentrated  sulphuric  acid 
with  development  of  heat,  yielding  a  colourless  solution.  It  is  acted 
on  by  acetic  chloride  with  development  of  heat ;  when  the  excess  of 
acetic  chloride  is  evaporated  and  the  residual  oil  warmed,  it  assumes 
first  a  beautiful  blue  and  then  a  red  colour. 

tj-Phenylpentamethylene  Glycol,  OH-CHPh-CH.-CH/CHa-CHaOH. 

Phenylpentamethylene  glycol  is  easily  obtained  by  reducing 
benzoylbutyl  alcohol  with  sodium  amalgam  in  aqueous  solution  :  the 
yield  is  quantitative. 

In  preparing  the  glycol  it  is  unnecessary  to  isolate  the  benzoylbutyl 
alcohol;  the  solution  of  the  ketone  alcohol  obtained  by  boiling 
phenyldehydrohexonecarboxylic  acid  with  water  is  filtered  from  the 
phenyldehydrohexone,  allowed  to  cool,  placed  in  a  large,  flat-bottomed 
dish,  and  treated  with  a  large  excess  of  3  per  cent,  sodium  amalgam 
in  small  quantities  at  a  time.  If  the  solution  is  not  too  concentrated, 
it  remains  almost  perfectly  clear  during  the  whole  operation,  but  if 
a  saturated  solution  of  the  ketone  alcohol  is  employed,  it  soon 
becomes  turbid,  owing  to  the  separation  of  oily  drops.  Li  such  cases 
it  is  necessary  to  add  a  little  pure  methyl  alcohol  in  order  to  redis- 
solve  the  oil,  otherwise  the  reduction  of  the  ketone  alcohol  may  be 
incomplete.    A  purer  product  is,  however,  obtained  when  the  solu- 
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tion  employed  is  so  dilnte  that  the  addition  of  methjl  alcohol  becomes 
nmiecesBary,  as  in  this  case  the  oilj  bje-prodncts  which  seem  to  be 
always  formed  in  very  small  quantities  can  be  subseqaently  separated 
by  filtration.  The  slightly  turbid  aqueous  solution  is  decanted  from 
the  mercury,  saturated  with  carbonic  anhydride,  allowed  to  cool 
completely,  and  then  filtered  from  the  crystals  of  sodium  hydrogen 
carbonate.  The  glycol  in  the  clear  solution  is  extracted  by  re- 
peatedly shaking  with  pure  ether,  and  the  ethereal  extract,  after 
drying  over  potassium  carbonate,  is  evaporated. 

Phenylpentamethylene  glycol  is  thus  obtained  in  the  form  of  a 
thick,  coloorless  oil ;  when  kept  for  some  time  over  sulphuric  acid 
under  reduced  pressure,  it  begins  to  crystallise,  and  on  stirring  the 
oil  with  a  glass  rod,  it  quickly  solidifies  to  a  hard,  colourless,  crystal- 
line mass,  a  considerable  development  of  heat  taking  place.  The 
analysis  of  the  crystalline  compound  gave  the  following  result — 

01935  gram  of  substance  gave  0*5199  gram  of  GOiand  0'1614gram 
of  HaO. 

Calculated  for 

CiiHieOs.  Found. 

C 73-33  per  cent.  73*26  per  cent. 

H 8*89        „  9*26 

0 17*78        „  17*48 

Phenylpentamethylene  glycol  dissolves  freely  in  hot  benzene,  and 
on  cooling  quickly  it  separates  from  the  solution  in  an  oily  condition ; 
if,  however,  a  cold  benzene  solution  is  allowed  to  evaporate  slowly  at 
the  ordinary  temperature,  the  glycol  separates  in  transparent,  con- 
centrically-grouped needles  melting  at  about  54**.  It  is  very  readily 
soluble  in  cold  ether,  alcohol,  and  ethyl  acetate,  but  only  sparingly 
in  hot  light  petroleum.  It  dissolves  moderately  easily  in  both  hot 
and  cold  water,  but  on  adding  potassium  carbonate  to  the  solution,  it 
is  partially  reprecipitated  as  an  oil  or  in  a  crystalline  condition. 
When  heated  in  small  quantities  in  a  test  tube  under  the  ordinary 
pressure,  it  distils  without  leaving  any  residue,  and  water  condenses 
on  the  cooler  portions  of  the  test  tube  ;  it  is  probable  that  on  distilla- 
tion   the   glycol  is  converted  into   an    oxide  of    the  constitution 

Phenylpentamethylene  glycol  dissolves  in  concentrated  hydrobromio 
acid,  with  development  of  heat,  and  is  thereby  partially  converted 
into  the  bromide,  which  separates  from  the  solution  almost  imm 
diately  in  the  form  of  a  yellowish  oil. 
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W'Phenylpentamethylene  Bromide,  CeHj-CHBrCHt'CHa'CHj-CHjBr. 

The  only  method  bj  which  phenjlpentamethylene  bromide  can  be 
easily  prepared  from  the  corresponding  glycol  seems  to  be  to  treat 
the  glycol  with  phosphoric  bromide  in  chloroform  solution. 

When  the  glycol  is  treated  with  concentrated  hydrobromic  acid, 
either  in  the  cold  or  at  a  moderately  high  temperatare,  the  product 
still  contains  a  considerable  quantity  of  the  monobromide  or  un- 
changed glycol.  In  the  first  attempts  to  prepare  the  dibromide,  the 
pure  crystalline  glycol  was  dissolved  in  twelve  times  its  weight  of  the 
acid  (saturated  at  0°),  the  mixture  shaken  well  and  then  heated  on 
the  water-bath  for  about  two  hours,  with  frequent  shaking.  The 
supernatant,  dark-brown  oil  was  then  separated,  dissolved  in  ether, 
the  ethereal  solution  washed  with  a  little  dilute  sodium  carbonate, 
dried  over  calcium  chloride,  and  evaporated.  A  bromine  determina- 
tion, made  with  a  portion  of  this  product  which  had  been  kept  for 
24i  hours  over  sulphuric  acid,  gave  the  following  result — 

0*3018  gram  of  substance  gave  0*2791  gram  of  silver  bromide. 

Calculated  for 
CiiHi4Brs.  Found. 

Br 52*27  per  cent.  39*3  per  cent. 

As  the  analysis  showed  that  the  conversion  into  the  dibromide  was 
far  from  being  complete,  the  crude  product  was  again  treated  with 
hydrobromic  acid  exactly  as  described  above,  and  the  dark-brown  oil 
:analysed;  the  percentage  of  bromine  had  only  increased  to  44*6.  As 
the  failure  of  these  experiments  seemed  to  be  due  to  the  insolubility 
•of  the  partially  brominated  oil  in  the  acid,  the  next  attempts  to  pre- 
pare the  dibromide  were  carried  out  as  follows  : — The  glycol,  or  the 
partially  brominated  compound,  was  dissolved  in  a  large  quantity  of 
glacial  acetic  acid,  the  solution  saturated  with  hydrogen  bromide  at 
O'',  and  kept  for  three  hours  at  the  ordinary  temperature.  It  was 
then  largely  diluted  with  water,  the  precipitated  oil  extracted  with 
ether,  and  isolated  in  the  usual  way.  This  treatment  gave  no  better 
results.  In  the  last  experiments  which  were  made  with  hydrobromic 
ifccid,  the  following  method  was  employed : — The  crude  bromide  from 
a  previous  operation  (containing  43*4  per  cent,  of  bromine)  was  dis- 
solved in  about  20  volumes  of  glacial  acetic  acid,  the  solution 
saturated  with  hydrogen  bromide  at  0^  and  then  heated  at  110 — 120" 
for  about  eight  hours  in  sealed  tubes ;  the  resulting  dark-brown  oil 
contained  a  slightly  larger  percentage  of  bromine,  as  is  shown  by  the 
ioUowing  analysis — 

0'2032  gram  of  substance  gave  0*2248  gram  of  silver  bromide. 
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Calculated  for 
C,iH,4Br,.  Found. 

Br. 5227  per  cent.  47*2  per  cent. 

This  method  not  being  considered  satisfactory,  and  a  purer  product 
being  required  for  subsequent  experiments,  the  action  of  phosphorus 
tribromide  on  the  glycol  was  investigated.  The  pure  glycol  was 
boiled  for  about  an  hour,  in  a  flask  provided  with  a  reflux  apparatus, 
with  a  considerable  excess  of  phosphorus  tribromide;  the  product 
obtained  in  this  way  contained  about  44  per  cent,  of  bromine,  but 
considerable  quantities  of  resinous  substances  are  formed  in  the  re- 
action; for  this  reason  the  yield  is  very  unsatisfactory  and  the 
dibromide  obtained  is  very  impure. 

The  method  of  preparation  finally  adopted,  and  which  gives  an 
almost  pure  product  in  theoretical  quantity,  is  the  following : — The 
pure  glycol  is  dissolved  in  about  30  times  its  weight  of  pure  chloro- 
form and  a  small  quantity  of  phosphorus  pentabromide  added  to  the 
solution ;  a  slight  development  of  heat  occurs  and  a  copious  evolu- 
tion of  hydrogen  bromide  commences  at  once.  As  soon  as  the  action 
has  ceased,  the  addition  of  the  phosphorus  pentabromide  is  continued^ 
small  portions  being  added  from  time  to  time  until  the  amount 
employed  is  about  twice  the  calculated  quantity.  After  keeping  the 
mixture  for  two  days  in  a  desiccator,  the  chloroform  solution  is- 
decanted  and  the  residual  pentabromide  washed  with  a  little  dry 
chloroform ;  the  chloroform  solutions  are  mixed  together,  washed 
with  water,  then  with  a  little  dilute  sodium  carbonate,  and  finally  with 
water  again,  dried  over  calcium  chloride,  and  the  chloroform  evapo- 
rated on  the  water-bath. 

The  dibromide  is  thus  obtained  Ln  an  almost  pure  condition  in  the 
form  of  a  thick,  almost  colourless  oil ;  bromine  determinations  were 
made  with  three  different  samples  which  had  been  kept  for  some 
time  over  paraffin  under  reduced  pressure.  The  following  are  the  re- 
sults : — 

I.  0*3416  gram  of  substance  gave  0*4205  gram  of  silver  bromide. 
II.  0*1442  gram  of  substance  gave  01 750  gram  of  silver  bromide. 
III.  0*2338  gram  of  substance  gave  0*2806  gram  of  silver  bromide. 


Calculated  for 


Found. 


C„H,4Br,.  I.  IL  III. 

Br 52*27  p.  c.  50*3        51-7        51*2  p.  c. 

Phenylpentamethylene  bromide  is  a  thick,  almost  colourless  oil 
with  a  pleasant,  rather  sweet  smell ;  it  is  readily  soluble  in  ether 
but  only  very  sparingly  in  alcohol,  and  seemingly  insoluble  in  water 
and  in  oonceiiitrated  hydrobromic  acid.     When  distilled  over  lime,  it 
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yields  small  qaantities  of  a  colonrless  compound  which  has  a  strong 
odour  of  naphthalene  and  crystallises  in  colourless  plates ;  the  nature 
of  this  substance  has  not  been  determined  owing  to  the  small 
quantity  at  our  disposal. 


Phenylkexamethylenedicarhoxylic  acidy 
CH.<gg;.^^^>C(COOH),. 

Ethyl  phenylhezameihylenedicarboxylate  is  formed  when  ethyl 
malonate  (2  mols.)  is  treated  with  phenylhexamethylene  dibromide 
(1  mol.)  and  sodium  ethozide  (2  mols.)  in  alcoholic  ethereal  solution ; 
the  reaction  is  represented  by  the  equation — 

CHft-CHBr-CCHaVCHjBr  +  2CHNa(C00Bt),  =  CuHwO*  + 

CH,(COOEt),  -f  2NaBr. 

This  ethereal  salt,  on  hydrolysis,  yields  phenylhezamethylenedicarb- 
oxylic  acid. 

Ethyl  malonate  (10*4  gprams)  is  added  in  small  portions  at  a 
time  to  a  solution  of  sodium  (1*5  grams)  in  about  twelve  times  its 
weight  of  absolute  alcohol,  care  being  taken  to  prevent  the  tempera- 
ture from  rising  above  35 — 40**.  An  ethereal  solution  of  the  di- 
bromide (10  grams)  is  then  added,  and  the  mixture  is  heated  on  the 
water-bath  in  a  flask  provided  with  a  reflux  condenser ;  the  addition 
of  ether  is  necessary  owing  to  the  insolubility  of  the  dibromide  in 
alcohol.  Just  as  the  solution  begins  to  boil,  the  separation  of  sodium 
bromide  commences,  and,  after  heating  for  about  1^  hours,  the  reac- 
,  tion  is  at  an  end.  The  alcohol  is  then  distilled  off,  the  residue  treated 
with  water  to  dissolve  the  sodium  bromide,  the  oil  extracted  with 
ether,  and  the  dried  ethereal  solution  evaporated. 

Ethy  I  phenylhexamethylenedicarhoxylate, 

CH,<^5»;^^g>0(COOEt)^ 

is  thus  obtained  in  the  form  of  a  thick,  yellowish-brown  oil,  which 
shows  no  signs  of  crystallisation  even  when  kept  for  a  long  time 
over  sulphuric  acid  under  reduced  pressure.  This  compound  waa 
not  analysed  and  no  attempts  were  made  to  obtain  it  in  a  pure  condi- 
tion; its  method  of  formation  and  its  decomposition  into  phenyl- 
hezamethylenedicarboxylic  acid  prove  that  it  has  the  constitution 
given  above. 

Phenylhexamethylenedicarboxylio  acid  is  produced  when  the 
ethereal  salt  just  described  is  boiled  for  4  to  5  hours  with  a  concen- 
trated alcoholic  solution  of  potash.  After  distilling  ofE  the  alcohol,  the 
residue  is  treated  with  water,  the  aqueous  solution  evaporated  in  a 
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basin  in  order  to  expel  the  remainder  of  the  alcohol,  then  diluted 
with  water  and  filtered  to  free  it  from  oily  imparities.  The  filtrate 
is  acidiiied  with  excess  of  dilute  snlphnric  acid,  and  the  precip  itated 
oil  extracted  with  ether;  on  evaporating  the  dried  ethereal  solution, 
phenylhexamethylenedicarboxjlic  acid  remains  as  a  thick,  yellow  oil. 
No  analysis  of  this  compound  was  made  owing  to  the  difficulty  of 
obtaining  it  in  a  pure  condition  ;  the  fact  that  on  heating  it  is  con- 
verted into  phenylhexamethylenecarboxylic  acid,  with  evolution  of 
"Carbonic  anhydride,  is  sufficient  proof  that  it  has  the  formula  assigned 
to  it  above. 

Fhenylheasamethylenecarhoxylic  add,    ^^2^ni^ nrr  >CH'COOH. 

Phenylhexamethylenecarboxylic  acid  can  be  obtained  in  two  ways, 
as  has  been  stated  above ;  either  by  heating  phenylhexamethylene- 
dicarboxylic  acid,  or  by  the  hydrolysis  of  efchyl  phenylacetylhexa- 
methylenecarboxylate. 

The  preparation  of  this  compound  from  phenylhexamethylenedicar- 
boxylic  acid  is  carried  out  as  follows  : — The  crude  acid  is  placed  in  a 
small  flat-bottomed  flask  and  heated  in  a  metal-bath  at  150 — 160^ 
until  the  evolution  of  carbonic  anhydride  ceases ;  the  temperature  is 
then  raised  to  175 — 180^,  and  the  heating  continued  for  about 
5  minutes  in  order  to  ensure  complete  decomposition.  The  residual 
dark-brown  oil  is  transferred  to  a  larger  flask,  and  boiled  for  about 
an  hour  with  excess  of  baryta ;  the  monocarboxylic  acid  dissolves  in 
the  baryta,  but  a  considerable  quantity  of  dark-brown  resinous  pro- 
ducts remain  undissolved,  and  can  be  easily  separated  by  filtration. 
Tho  solution  is  then  heated  again  to  boiling,  the  excess  of  baryta 
precipitated  with  carbonic  anhydride,  the  filtrate  allowed  to  cool  and 
treated  with  excess  of  dilute  hydrochloric  acid.  The  acid,  which  is 
precipitated  as  an  oil,  is  extracted  by  repeatedly  shaking  with  pure 
ether,  and  the  ethereal  solution  dried  over  calcium  chloride  and 
evaporated. 

The  yellowish  oil  obtained  in  this  way  was  kept  over  sulphuric  acid 
under  reduced  pressure  until  its  weight  became  constant,  and  then 
analysed  with  the  following  results : — 

0-2983  gram  of  substance  gave  07982  gram  of  CO,  and  02120 
gram  of  H2O. 

Calculated  for 

CuHisO,.  Found. 

C  76'47  per  cent.  72*95  per  cent. 

H 7-84        „  7-93 

O 16-69        „  19-12 
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The  analysis  having  shown  that  the  acid,  purified  in  this  way,  still 
contains  a  considerable  quantity  of  foreign  substances,  the  oil  was- 
treated  again  with  baryta  exactly  as  described  above,  and  then 
analysed* 

0*2099  gram  of  substance  gave  0-5644  gram  of  CO,  and  0-161 1 
gram  of  HjO. 

Calculated  for 

CuHicOs.  Found. 

C 76-47  per  cent.  7376  per  cent. 

H 7-84        „  7-98 

0 15-69        „  18-26 

The  analysis  showed  clearly  that  purification  with  baryta  is  of  little 
use  after  the  first  treatment,  so  that  other  means  had  to  be  adopted 
to  obtain  the  acid  in  a  pure  condition. 

The  method  which  invariably  led  to  the  best  results  was  the  follow- 
ing : — The  yellow  oil,  obtained  after  treating  once  with  baryta  as 
described  above,  is  mixed  with  a  slight  excess  of  very  concentrated 
ammonia,  and  the  mixture  stirred  well  until  the  acid  has  completely 
dissolved ;  the  solution  is  then  transferred  to  a  basin  and  kept  in  a 
desiccator  over  potassium  carbonate,  until  the  whole  solidifies.  The 
yellowish,  waxy  mass  is  spread  on  a  porous  plate  and  kept  over 
potassium  carbonate  for  a  few  days.  The  ammonium  salt  is  thus 
obtained  perfectly  colourless  and  free  from  all  oily  impurities.  It  is 
dissolved  in  water,  the  solution  acidified  with  excess  of  dilute  sul- 
phuric acid,  and  the  oil  exti*acted  with  pure  ether.  On  evaporating 
the  dried  ethereal  solution,  there  remains  a  thick,  colourless  oil,  which 
after  some  time  completely  solidifies  to  a  colourless  crystalline 
mass. 

The  analysis  of  the  crystalline  compound  gave  the  following 
result : — 

01637  gram  of  substance  gave  04536  gram  of  CO,,  and  01201 
gram  of  water. 

Calculated  for 

CiaHigOj.  Found. 

C 76*47  per  cent.  75*57  per  cent. 

H 7-84        „  815 

0 15-69        „  1638 

Phenylhexamethylenecarboxylic  acid  separates  from  warm  light 
petroleum  in  beautiful,  compact,  rosette-shaped  crystals ;  when  crys- 
tallisation takes  place  slowly  at  the  ordinary  temperature,  it  separates 
from  the  solution  in  large,  transparent,  well-defined  prisms.     Some 


Digitized  by  VjOOQiC 


318  KIPPING  AND  PERKIN:  DERIVATIVES  OP 

of  the  crystals  were  drawn  with  the  aid  of  the  mioroscope  and  are 
shown  in  the  diagram  giren  below. 


It  melts  at  104 — 105"  and  is  readily  soluble  in  cold  ether,  chloro- 
form, methyl  alcohol,  acetone,  and  warm  light  petroleum,  but  only 
moderately  in  the  cold  solvent,  and  insoluble  or  very  sparingly 
soluble  in  water.  When  heated  in  small  quantities  under  the  ordinary 
pressure,  it  distils  with  scarcely  any  decomposition  and  the  distillate 
solidifies  again  on  cooling ;  when  the  acid  is  heated  quickly  to  a 
moderately  high  temperature,  it  gives  off  a  pungent  and  irritating 
odour  very  like  that  of  acraldehyde.  It  is  only  very  slowly  acted 
on  by  concentrated  nitric  acid ;  it  is  not  oxidised  by  potassium  per- 
manganate in  cold  alkaline  solution,  but,  on  boiling,  the  pink  colour 
of  the  solution  gradually  disappears. 

The  silver  salt,  CijHisOaAg,  was  prepared  by  precipitating  a  neutral 
aqueous  solution  of  the  ammonium  salt  with  silver  nitrate ;  the  pre- 
cipitate was  washed  with  cold  water,  spread  on  a  porous  plate,  and 
then  dried  for  a  short  time  at  100°. 

A  silver  determination  with  the  salt  thus  prepared  gave  the  follow- 
ing result : — 

0*2796  gram  of  the  silver  salt  gave  0*0988  gram  of  silver. 

Calculated  for 
CijHijOjAg.  Found. 

Ag 34*66  per  cent.  35*15  per  cent. 

Silver  phenylhexamethylenecarboxylate  is  a  colourless,  seemingly 
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amorpbons  powder,  onlj  sparingly  soluble  in  boiling  water;  on 
cooling  tbe  solution,  tbe  salt  is  deposited  in  waxy  flakes.  It  seems 
to  be  fairly  stable  wben  exposed  to  light,  and  it  is  only  after  some 
hours  that  it  acquires  a  slight  pink  tint  in  diffused  sunlight.  It  can 
be  heated  at  100^  for  a  short  time  without  any  appreciable  decom- 
position taking  place,  but  when  heated  more  strongly  it  acquires  a 
brilliant,  green  colour,  and  gives  off  vapours  having '  an  extremely 
disagreeable  and  pungent  odour  recalling  that  of  burnt  fat. 

The  ammonium  salt  can  be  obtained  in  the  form  of  a  colourless 
powder  by  dissolving  the  acid  in  concentrated  ammonia  and  evapo- 
rating the  solution  at  the  ordinary  temperature  in  an  atmosphere  of 
ammonia ;  it  is  very  readily  soluble  in  water. 

In  aqueous  solutions  of  the  ammonium  salt,  lead  acetate,  zinc 
sulphate,  and  mercurous  nitrate  produce  colourless,  amorphous  pre- 
cipitates, which  are  sparingly  soluble  in  boiling  water,  and  become 
soft  and  wax-like  on  heating.  Ferric  chloride  produces  a  yellowish- 
brown  precipitate  which  turns  reddish-brown  on  warming,  and  is 
insoluble  or  only  very  sparingly  soluble  in  boiling  water.  Copper 
sulphate  gives  a  light-blue  precipitate  readily  soluble  in  ammonia, 
and  stannous  chloride  gives  a  colourless  precipitate  readily  soluble  in 
boiling  water. 

The  salts  of  the  alkaline  eai*ths  and  the  magnesium  salt  are  readily 
soluble  in  cold  water,  as  even  in  moderately  concentrated  solutions  of 
the  ammonium  salt,  barium  chloride,  and  magnesium  chloride  cause 
no  precipitation. 

Ethyl  Phenylacetylhexamethylenecarhoxylatej 
^rr  /CH3-CHPh>.  p^COMe 

Ethyl  phenylacetylhexamethylenecarboxylate  can  be  obtained  by 
■  treating    ethyl  acetoacetate    (1   mol.)    with   phenyl  pentamethylene 
bromide  (1  mol.)  and  sodium  ethoxide  (2  mols.)  in  alcoholic  solution ; 
the  reaction  may  be  represented  by  the  equation — 

CH,-C0-CH2-C00Et  +  C.H5CHBr-[CH,],-CHaBr  +  2NaOCaH,  = 
CeH9Ph(CO-CH3)-COOEt  +  2NaBr  +  2CaH5-OH. 

In  preparing  this  compound,  ethyl  acetoacetate  (6*5  grams)  is 
gradually  added  to  an  alcoholic  solution  of  sodium  (1*2  grams)  in 
small  portions  at  a  time,  the  mixture  being  cooled  well  under  the  tap 
during  the  operation.  The  phenyl  pentamethylene  bromide  ( 1 5'3  grams) 
dissolved  in  about  10  volumes  of  dry  ether  is  then  added,  and  the 
mixture  is  heated  on  the  water-bath  in  a  flask  provided  with  a  reflux 
condenser ;  as  the  solution  begins  to  boil,  a  considerable  quantity  of 
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sodium  bromide  is  deposited,  and  after  heating  for  about  half  an  hour 
the  action  is  at  an  end.  The  flask  is  then  cooled  under  the  tap,  a 
solution  of  sodium  (1'2  grams)  in  absolute  alcohol  added  in  small 
portions  at  a  time,  the  mixture  being  kept  cold  during  the  operation^ 
and  then  the  whole  heated  again  on  the  water-bath  for  about  two 
hours.  The  alcohol  is  then  distilled,  the  residue  treated  with  water, 
and  the  oily  product  extracted  with  ether ;  on  evaporating  the  dried 
ethereal  solution,  the  ethyl  phenylacetylhexamethylenecarboxylate 
remains  as  a  yellowish  oil  (14  grams).  No  attempts  were  made  to 
obtain  this  compound  in  a  pure  condition,  and  no  analysis  was  made  ; 
its  constitution  is,  however,  proved  by  its  method  of  preparation  and 
by  its  decomposition  into  phenylacetylhexamethylene  and  phenyl- 
hexamethylenecarboxylic  acid  as  described  below. 

Phenylhexamethylene  Methyl  Ketone,  CH,<^^;'^^^>CH-CO-CHs. 

When  the  crude  ethyl  phenylacetylhexamethylenecarboxylate,  ob» 
taincd  as  described  above,  is  hydrolysed  with  alcoholic  potash,  it  is 
converted  into  phenylhexamethylene  methyl  ketone (phenylacetylhexa- 
methylene)  and  phenylhexamethylenecarboxylic  acid,  according  to 
the  equations — 

CeH.Ph(COMe)-COOC,H,  +  2K0H  =  C«H,Ph-COMe  + 

C«H,Ph(COMe)-COOC2H5  +  2K0H  =  C«H,Ph-COOK  + 

CjHjOjK  -f  CHft-OH. 

The  relative  quantity  of  the  two  products  depends  to  some  extent 
on  the  manner  in  which  the  hydrolysis  is  carried  out ;  if  the  whole 
of  the  alcoholic  potash  is  added  at  once,  and  the  mixture  then  boiled 
the  yield  of  ketone  is  less  and  that  of  the  acid  larger  than  when  the 
alcoholic  potash  is  added  in  small  quantities  at  a  time  to  the  hot  solu- 
tion of  the  ethereal  salt. 

The  following  method  was  found  to  give  a  good  yield  of  ketone : — 
The  ethereal  salt  (13  grams)  is  dissolved  in  a  small  quantity  of 
alcohol,  the  solution  heated  to  boiling  on  the  water-bath,  and  then  a 
concentrated  aqueous  alcoholic  solution  of  potash  (24  grams)  gradu- 
ally added  through  a  dropping  funnel ;  as  soon  as  the  whole  of  the 
potash  has  been  added,  the  mixture  is  boiled  for  a  few  minutes,  and 
the  alcohol  is  then  distilled  off.  On  adding  water  to  the  residue,  the 
ketone  separates  as  an  oil,  and  can  be  easily  extracted  by  shaking 
with  ether ; ,  the  phenylhexamethylenecarboxylic  acid  remains  as 
potassium  salt  in  the  alkaline  solution,  and  can  be  isolated  as  described 
below. 
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On  evaporating  the  dried  ethereal  solntion,  the  ketone  remains  in 
the  form  of  a  brown,  moderately  mobile  oil,  the  yield  of  the  cmde 
prodnct  being  6*5  grams  from  13  grams  of  the  ethereal  salt.  When 
this  oil  is  submitted  to  fractional  distillation  nnder  a  pressure  of 
50  mm.,  the  thermometer  rises  rapidly  to  about  190°,  and  almost  the 
-whole  passes  over  between  196°  and  203°;  the  fraction  collected 
between  196°  and  203°  was  fractionated  again  under  a  pressure  of 
40  mm.,  and  the  portion  boiling  constantly  at  187 — 190°  collected 
separately.  On  cooling,  this  fraction  solidified  to  a  mass  of  colourless 
crystals,  which  were  spread  on  a  porous  plate  to  free  them  from 
traces  of  oil,  and  then  analysed. 

The  following  was  the  result  of  the  analysis : — 

0-1442  gram  of  substance  gave  0-4358  gram  of  CO,  and  0*1202 
gram  of  H3O. 

Calculated  for 

CmHwO.  Found. 

C 83-1 6  per  cent.  8242  per  cent. 

H 8-91    „  9-26 

0 7-92    „  8-32 

Phenylhexamethylene  methyl  ketone  is  a  colourless,  crystalline 
compound,  with  an  odour  recalling  that  of  the  higher  homologues  of 
acetophenone.  It  melts  at  about  78—79°,  and  boils  at  187—190° 
nnder  a  pressure  of  40  mm.  It  is  readily  soluble  in  ether,  alcohol, 
benzene,  chloroform,  and  most  of  the  ordinary  organic  solvents,  but 
insoluble  or  only  very  sparingly  soluble  in  water.  It  separates  from 
cold  ether  in  long,  feathery  crystals,  and  on  adding  water  to  a  cold 
methyl  alcoholic  solution  it  is  precipitated  in  colourless  needles. 

Phenylhexamethylene  Methyl  Ketone  O^tmc, 

The  oxime  was  prepared  by  treating  the  pure  ketone  with  a  slight 
excess  of  hydroxylamine  hydrochloride  and  a  large  excess  of  potash 
in  cold,  aqueous  alcoholic  solution.  After  keeping  for  about  two 
days,  the  alcohol  is  evaporated  on  the  water-bath,  the  residue  dis- 
solved in  water,  and  the  cold  solution  slightly  acidified  with  dilute 
hydrochloric  acid ;  the  precipitated  oil  is  extracted  with  pure  ether 
the  ethereal  solution  dried,  filtered,  and  the  ether  evaporated. 

The  thick,  almost  colourless  oil  obtained  in  this  way  was  kept  for 
some  time  over  sulphuric  acid  under  reduced  pressure,  but  it  showed 
no  signs  of  crystallising.  A  nitrogen  determination  was  made  and 
gave  the  following  result : — 

VOL.  LVII.  z 
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0  1 158  gram  of  snbatance  gave  6*6  c.o.  of  nitrogen,  measured  at  1G° 
^nd  715  mm.  pressure. 

Calculated  for 
ChHijNO.  Found. 

N 6*45  per  cent.  655  per  cent. 

Phenylliexamethylene  methyl  ketone  oxime  is  a  thick,  almost  colour- 
less oil,  very  sparingly  soluble  or  insoluble  in  water,  but  readily 
soluble  in  ether,  alcohol,  and  most  ordinary  organic  solvents. 

Phenylhexamethjlenecarhoxylicadd,  CHj-^^o' qq  >C)H-C00H. 

The  alkaline  solution  obtained  by  the  hydrolysis  of  ethyl  phenyl- 
acetylhexamethylenecarbozylate  contains  the  potassium  salt  of  phenyl- 
hexamethylenecarboxylic  acid,  as  has  been  stated  above.  After 
extracting  the  ketone  with  ether,  the  solution  is  acidified  with  dilute 
sulphuric  acid,  and  the  precipitated  oil  extracted  with  ether  ;  about 
5  grams  of  the  crude  acid  is  obtained  in  this  way  from  13  grams  of  the 
ethereal  salt,  and  an  analysis  of  this  product  gave  the  following 
result : — 

0-1509  gram  of  substance  gave  0-4030  gram  of  COj  and  0-1056 
gram  of  HjO. 

Calculated  for 

CisHiftO,.  Found. 

C 76-47  per  cent.  72-83  per  cent. 

H.., 7-84        „  7-77 

0...,.,..     15-69        „  19-40        „ 

As  the  acid  showed  no  signs  of  crystallisation,  even  when  rubbed 
with  a  crystal  of  the  substance  obtained  from  phenylpentamethylene 
bromide  and  ethyl  sodiomalonate,  it  was  first  purified  by  treating  it 
with  baryta  as  previously  described.  It  was  then  dissolved  in  a 
little  concentrated  ammonia,  the  solution  allowed  to  evaporate  over 
potassium  carbonate,  and  the  residual  ammonium  salt  spread  on  a 
plate  to  free  it  from  small  quantities  of  oily  impurities.  The  salt 
was  dissolved  in  dilute  ammonia,  the  solution  boiled  with  animal 
charcoal,  filtei^ed,  and  acidified  with  dilute  sulphuric  acid;  the  pre- 
cipiUkted  acid  was  then  extracted  with  pure  ether,  and  the  dried 
ethereal  solution  evaporated. 

The  colourless  oil  obtained  in  this  way  sopn  solidified  to  a  coloar- 
less,  crystalline  mass  ;  after  spreading  on  a  porous  plate  and  washing 
the  crystals  with  a  little  light  petroleum,  they  were  analysed  with 
the  following  result : —  .       * 
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t)-1461  gram  of  substance  gave  04078  gram  of  COj  and  I'lOtH) 
gram  of  H2O. 

Calculated  for 
CiaHigOj.  Found. 

C 76-47  per  cent.  76*12  per  cfent. 

H 7-84        „  806 

0 15-69        „  15-82 

Phenjlhexametbylenecarboxylic  acid,  prepared  from  etbyl  aceto* 
acetate,  separates  from  light  petroleum  in  crystals  to  all  appear- 
ance identical  with  those  of  the  acid  obtained  from  ethyl  malonate 
and  phenylpentametbylene  bromide.  It  has  the  same  melting  point 
(104 — 105®),  shows  a  like  behaviour  with  solvents,  and  gives  the 
same  precipitates  with  solutions  of  metallic  salts.       

Heriot  Watt  Gollege, 
Edinburgh, 


XXIII. — Some  Crystalline  Substances  obtained  from  the  Fruits  of 
various  species  of  Citrus.    Part  I. 

By  William  A.  Tilden,  D.Sc.  Lond.,  F.R.S.,  and  Chaeliss  R.  Beck. 

The  starting  point  of  this  investigation  was  the  examination  of  a  solid 
substance  deposited  from  the  ecuelled  essence  of  limes  manufactured 
in  the  island  of  Montserrat,  West  Indies,  for  which  we  are  indebted 
to  the  kindness  of  Mr.  F.  Watts,  F.C.S.,  chemist  to'  the  Montserrat 
Company. 

This  substance  was  found  to  be  most  easily  purified  from  the  accom- 
panying essential  oil,  resin,  and  vegetable  debris^  by  dissolution  in 
strong  alcohol,  and  subsequent  crystallisation  from  alcohol,  to  whicti 
a  little  caustic  potash  (about  1  per  cent.)  was  added.  The  prepara-; 
tions  thus  obtained  consisted  of  tufts  of  small  prisms  of  a  pale-yellow 
colour,  which  was  not  removed  by  repeated  crystallisation  from 
alcohol  containing  a  larger  proportion  of  potash. 

As  it  will  be  necessary  to  distinguish  this  substance  from  several 
others  derived  from  a  similar  source,  we  propose  to  call  it  limettin, 
the  botanical  name  of  the  lime  being  Gitrus  limetta. 

Limettin  melts  at  121 — 122*^.  It  loses  nothing  when  dried  in  the 
steam  bath  or  heated  to  fusion*  It  dissolves  very  sparingly  in  water, 
much  more  freely  in  alcohol.    It  also  dissolves  without  change-  in 
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alcoholic  potash  or  soda,  and  from  strong  solutions  is  immediately 
reprecipitated  by  acids;  it  is,  however,  nentral  to  test  paper,  and 
possesses  no  acid  properties.  It  has  a  bitterish,  styptic  taste.  An 
alkaline  solution  does  not  reduce  Fehling's  solution,  or  only  t.o  a  very 
slight  extent  after  long  boiling.  Boiled  with  dilute  sulphuric  acid,  it 
gives  no  indication  of  the  formation  of  a  glucose,  and  the  substance 
filtered  from  the  liquid  on  cooling  has  the  original  melting  point. 
Limettin  gives  no  special  coloration  with  ferric  chloride.  It  contains 
no  nitrogen. 

Submitted  to  combustion,  it  gave  the  following  percentages  of 
carbon  and  hydrogen : — 


C 
H 


I. 

n. 

in. 

IV. 

Mean. 

62-92 

6307 

6305 

63f.2 

6314 

4-90 

513 

4-62 

4-78 

4-86 

Three  oombustionfl  made  for  as  by  Mr.  A.  L.  Stem,  B.Sc,  gave 
the  following  nnmbers : — 


C  . 
H. 


I. 

n. 

m. 

Mean. 

63-36 

63-38 

6312 

63  29 

4-80 

4-67 

4-68 

4-71 

From  these  results  it  appears  that  the  formula  of  limettin  is 
CieHuOe,  as  shown  by  the  following  comparison  : — 

Experiment.      Experiment.       Calculated. 
T.  and  B.  Stem.  CisHuOt. 

C,e 192  6314  63-29  6357 

Hu 14  4-86  471  463 

Oe 96      3209      3200      31*80 

302 

A  bromo-snbstitution  compound  can  be  obtained  by  dissolving  the 
snbstance  in  alcohol,  or  much  better  in  glacial  acetic  acid,  and  adding 
an  excess  of  bromine  dissolved  in  a  portion  of  the  same  solvent.  It 
cryutallises  in  colourless  scales  which  gave  43*66  per  cent,  of  bromine. 
It  therefore  contains  3  atoms  of  bromine;  C]«HiiBrsO«  corresponds 
to  44' 52  per  cent,  of  bromine.  Limettin  is  not  attacked  by  acetyl 
chloride  when  heated  with  it  for  aboat  four  hours,  in  a  sealed  tube, 
at  the  temperature  of  the  water-bath ;  it  therefore  seems  to  contain 
no  hydroxyl.  When  heated  to  about  160'  with  concentrated  hydro* 
chloric  acid,  limettin  is  converted  into  a  red  resinous  substance,  but 
no  gaseous  or  volatile  alkyl  chloride  is  produced.  Dissolved  in 
strong  acetic  acid  and   digested  on  the  water-bath  with  ezcesu  of 
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phenjlhydrazine  for  some  hours,  there  is  no  perceptible  reaction,  and 
no  hydrazone  is  produced. 

When  the  substance  is  heated  above  its  melting  point,  the  colour 
deepens,  and  at  about  200°  it  boils.  On  distillation  it  yields  a  black 
charred  residue,  and  a  yellow  distillate  which  solidifies  on  cooling. 
After  dissolution  of  the  latter  in  alcohol,  it  crystallises  in  pale-yellow, 
silky  needles,  somewhat  different  in  appearance  from  the  original 
substance,  and  melting  at  140°.      Submitted  to  combustion,  it  gave — 


C. 
H. 


I. 

n. 

III. 

Mean. 

64-87 

64-21 

64-34 

64-47 

5-30 

5-14 

6-03 

5-16 

This  substance  requires  further  investigation. 

Evidence  regarding  the  relationships  of  limettin  was  obtained  by 
fusing  it  with  potash;  30  grams  of  limettin  were  boiled  for  about 
an  hour  in  a  flask  with  100  grams  of  potash  and  100  grams  of  water, 
until  very  concentrated.  The  substance  dissolved  very  slowly,  and 
no  hydrogen  or  vapour  was  evolved.  When  cold,  the  solid  brown  mass 
was  dissolved  in  water,  and  acidified  with  hydrochloric  acid,  which 
caused  copious  effervescence  of  carbon  dioxide,  and  the  formation  of 
a  brown  precipitate  of  resinous  matter.  The  filtered  liquid  was 
extracted  with  ether,  and  the  watery  sola ti on  submitted  to  distillation. 
The  ethereal  extract  yielded  crystals  of  phloroglucol ;  this  was 
identified  by  its  sweet  taste,  by  the  violet  coloration  with  fenic 
chloride,  by  staining  deal  wood,  by  the  formation  of  the  characteristic 
red  azobenzene-compound,  and  by  a  determination  of  the  water  of 
crystallisation.  The  air-dried  crystals  lost  at  100°  222  per  cent,  of 
water ;  C6HeOj2HaO  corresponds  to  22*2  per  cent.  The  melting  point 
was  about  210°. 

Acetic  acid  and  a  small  quantity  of  formic  acid  are  contained  in 
the  aqueous  distillate.  Other  fatty  acids  were  carefully  sought  for, 
but  were  not  detected.  When  caustic  potash  without  addition  of 
water  was  employed,  and  the  fusion  effected  at  a  higher  temperature, 
gas  was  evolved,  and  acetic  acid  the  only  isolable  product.* 

When  limettin  is  boiled  for  some  time  with  a  strong  solution  of 
caustic  potash  or  soda,  without  allowing  the  liquid  to  become  con- 
centrated by  evaporation,  it  slowly  dissolves,  and  on  acidifying  it  is 
precipitated  to  all  appearance  unchanged.  The  recovered  substance, 
however,  melts  at  147**,  and  by  combustion  gave — 

C 64-40  per  cent. 

H 4-60 

*  We  found  that  phlorogiucol  alone  fused  with  potash  yields  acelio  acid ;  pro- 
bably thus :  CeHeO,  +  8KHO  »  3C.^.Hs£0,. 
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This  corresponds  to  CuHuOs,  which  requires—* 

C 64'61  per  cent. 

H 4-61 

A  small  quantity  of  acetic  acid  is  found  in  the  Hqnid.  This  sub- 
stance is  evidently  the  result  of  a  process  of  saponification ;  it 
contains  the  elements  of  iimettin  in  which  an  acetyl  group  has  been 
displaced  by  hydrogen. 

CuH„(0-C,H,0)04  -h  NaHO  =  CuH„(0H)04  +  NaO-OAO. 

The  product  of  destructiye  distillation  already  described  is  possibly 
the  same  substance ;  the  hydrogen  found  in  tWt  compound  was, 
however,  ^  per  cent,  higher. 

Treated  with  nitric  acid,  Iimettin  yields  chiefly  oxalic  acid,  with  a 
small  quantity  of  an  undetermined  nitro-acid. 

The  facts  related  can  be  explained  by  the  hypothesis  that  Iimettin 
is  an  acetic  derivatiye  of  a  kind  of  anhydride,  which  by  hydrolysis 
yields  phloroglucol. 

This  substance  eyidently  does  not  agree  in  any  of  its  properties 
with  either  of  the  substances  hitherto  obtained  from  the  fruits  of 
the  different  species  of  CUrus,  and  described  under  the  names 
aurantiin,  hesperidin,  and  limouin  respectively.  A  brief  synopsis 
of  the  sources  and  characters  of  these  substances  will  be  given  at  the 
end. 

The  greasy  deposits  which  ai'e  well  known  to  form  in  essence  of 
bergamot  and  of  lemon  have  been  shown  to  contain  crystalline  con- 
stituents (Hanbary  and  Fliickiger  "  Pharmacographia  "),  but  these 
have  never  been  closely  examined.  Under  the  impression  that  the 
crystalline  constituent  in  the  deposit  from  lemon  oil  woald  probably 
be  identical  with  that  obtained  from  limes,  we  applied  to  Mr.  C. 
Umney,  F.C.S.,  of  the  firm  of  Wright,  Layman,  and  Umney,  for  a 
supply  of  the  raw  material,  and  he  was  g^d  enough  to  collect  a  few 
ounces  of  the  deposit  from  essence  of  lemon  for  us. 

The  greasy  mass  was  mixed  with  about  an  equal  volume  of  alcohol, 
and  strained  through  calico.  The  pasty  residue  was  then  boiled  with 
strong  alcohol  containing  about  2  per  cent,  caustic  soda,  and  filtered 
hot  from  the  brown  mud,  consisting  of  fruit  pulp  and  dirt.  On 
cooling,  the  solution  solidified  to  a  jelly,  which  was  broken  up,  and 
the  liquid  drained  off  as  completely  as  possible.  The  brown  alcoholio 
solution  was  then  heated  to  boiling,  acidified  with  hydrochloric  acid, 
and  mixed  with  hot  water  till'  slight  turbidity  was  produced.  On 
cooling,  a  copious  crystallisatioti  of  small,  flat  pri6ms  was  obtained. 
These  were  purified  by  repeated  crystallisation  from  strong  alcohoK 
The  substance  thus  prepai*ed  forms  yellow,  lusti'onB  needles.     We 
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closed  lings.  The  first  compotmds  experimented  with  were  those  con- 
taining an  azo-  and  a  benzjlidene-gronp  in  the  ortho-position,  as  it 
seemed  probable  that  the  groups  — NIN —  and  X'CHIN —  wonld 
condense  nnder  these  circnmstances  with  the  formation  of  a  triazine 
ring — 

X-HC— N— 

Gk)ldflchmidt  and  Bosell  have  arrived  at  this  result  in  the  case  of 
ortbamidoazotolnene    and    benzeneazo-/3-naphthylamine   by  heating 
these  compounds  with  benzaldehyde.     I  had  performed  similar  ex- 
periments with  the  same   results  some  time  before  the  appearance 
of  the  paper  referred  to,  and  need  only  state  now  that  I  can  confirm 
the  statements  of  the  authors  in  so  far  as  this  method  is  concerned. 
With  respect  to  the  triazine  from  benzeneazo-/3-naphthjlamine,  I 
I         have  now  to  describe  the  method  by  which  this  compound  was  first 
prepared,  inasmuch  as  this  method  reverses  the  mode  of  combination 
effected  by  the  authors  referred  to,  and  at  the  same  time  throws  much 
light  on  the  constitution.     The  benzylidene- derivative  of  the  base  ex- 
perimented with  is  first  prepared  in  the  usual  way,  namely,  by  heating 
^         with  one  molecular  proportion  of  benzaldehyde  in  alcoholic  solution. 
'"         The  azo-derivative  is  then  formed  by  diazotising  the  aniline,  <&c.,  and 
^         adding  the  solution  of  the  diazo<salt  to  the  cold  alcoholic  solution  of 
'         the  benzylidene- derivative.    In  the  case  of  toluidine,  this  method  fails, 
^         inasmuch  as  diazobenzene  salts  could  not  be  made  to  combine  with 
^         benzylidene-paratoluidine  under  the  conditions  mentioned.    It  was  for 
(        this  reason  that  the  other  method  of  working,  which  has  since  been 
(        made  known  by  the  German  investigators,  was  resorted  to.    With 
jS-naphthylamine  the  method  succeeded  perfectly,  the  formation  of  an 
^        azo-derivative  and  its  subsequent  conversion  into  the  triazine  being 
^        completely  under  control,  a  condition  which  evidently  does  not  hold 
'<        good  when  benzeneazo-^-naphthylamine  is  heated  with  benzaldehyde 
^        in  some  common  solvent,  as,  under  the  influence  of  the  high  tempera- 
ture which  has  to  be  employed  to  bring  about  combination  (140^ 

>  according  to  Ooldschmidt  and  Resell),  condensation  to  the  triazine 
ring  at  once  takes  place. 

'  On  adding  a  solution  of  diazobenzene  chloride  to  a  cold  alcoholic 

solution  containing  the  calculated  quantity  of  benzj]idene-/3-naphthyl- 
k  amine,  a  deep  red  colour  is  at  once  developed,  but  no  separation  of 
t  colouring  matter  takes  place  till  the  solution  is  diluted  with  water  and 
t  made  ba^ic  with  ammonia.  A  bright  red  precipitate  is  then  thrown 
i        out,  which  gradually  subsides  to  the  bottom  of  the  beaker,  and  on 

>  standing  cakes  to  a  red,  resinous  mass.     The  substance  thus  obtained 
is  no  doubt  the  azo-compound — 
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It  forms  a  red,  viscid  resin,  which  slowly  solidifies  to  a  brittle  mass 
of  a  bright-scarlet  colour  on  standing  for  many  days  nnder  water. 
The  sabstance  conld  not  be  crystallised  from  any  solvent,  as  it  sepa- 
rates from  all  its  solutions  in  the  form  of  a  red  varnish.  Moreover, 
on  heating  the  solution,  gradual  transformation  into  the  triazine  takes 
place.  The  substance  appears  also  to  undergo  a  similar  change  when 
heated  to  fusion  in  the  dry  state.  The  melting  point  is  for  this  reason 
vague,  namely,  65 — 90^,  rising  after  each  repetition  of  the  determina- 
tion with  the  same  specimen.  This  benzylidene  azo-compound  is 
readily  soluble  in  benzene,  chloroform,  ether,  and  acetone;  some- 
what less  soluble  in  alcohol  and  petroleum.  It  possesses  a  distinctly 
basic  character,  dissolving  in  alcoholic  solution  of  hydrogen  chloride 
with  a  red  colour.  This  property  accounts  for  tbe  circumstance 
that  no  precipitate  is  formed  on  mixing  the  solutions  of  the  con- 
stituents. 

The  most  interesting  property  of  the  azo-compound  is  the  readiness 
with  which  it  undergoes  intramolecular  transformation  into  the  tri- 
nzine.  Tbe  change  is  best  efEected  by  heating  the  substance  for  a 
few  minutes  in  glacial  acetic  acid.  The  solution  is  at  first  red,  but 
the  colour  rapidly  disappears,  and  on  pouring  into  cold  water  the 
triazine  separates  as  a  whitish  powder;  this  is  collected,  washed 
with  cold  water,  and  purified  by  treatment  with  alcohol  mixed  with 
strong  hydrochloric  acid.  This  solvent  removes  a  resinous  impurity, 
and  leaves  the  hydrochloride  of  the  triazine.  The  latter  salt  is  easily 
decomposed  by  water,  and  the  base  thus  obtained,  when  dried,  may 
be  purified  by  crystallisation  from  toluene.  The  base  dissolves  but 
slowly  in  toluene,  and  its  separation  in  the  crystalline  form  may  be 
promoted  by  diluting  the  solution  with  light  petroleum.  The 
compound  is  thus  obtained  by  slow  crystallisation  in  the  form  of 
rosettes  of  dense,  white,  flattened  needles  having  a  melting  point  of 
193 — 194**.  The  characters  of  the  substance  have  already  been  given 
by  the  German  investigators,  and  need  not  be  redescribed.  Its  com- 
position was  ascertained  by  the  following  determination  of  the 
nitrogen : — 

0-1560  gram  gave  16  c.c.  moist  N  at  10**  C.  and  765*6  mm.  bar. 

Calculated  for 
C»Hi7Ks.  Found. 

N ]2-54p.  c.  12-19  p.  c. 
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According'  to  its  mode  of  formation  from  the  benzjlidene  azo- 
4K>mpound,  the  formula  of  the  triazine  may  be  written — 

CTT  ^^         N'CeHs 

N— HC-CeH, 

The  componnd  may  be  described  as  diphenyl-«^-naphthotriazine. 
It  is  proposed  to  coniinne  the  investigation  of  this  and  other  triazine* 
derivatives  prepared  by  the  method  of  condensation  described  in  the 
present  communication. 

Fiiubury  Technical  College. 


XXV. — The  Nature  of  Solutions,  as  Elucidated  by  the  Freezing  Points 
of  Sulphuric  Add  Solutions, 

By  Spencbe  Umpreville  Pickbeing,  M.A, 

The  present  communication  is  an  account  of  determinations  of  the 
fineezing  points  of  solutions  of  sulphuric  acid,  made  with  a  view  to 
obtain  still  farther  evidence  of  the  existence  of  hydrates  in  solution 
than  had  been  obtained  by  a  stady  of  their  densities,  heat  of  dissolu- 
tion, Ac.  (Trans.,  1890,  57,  64). 

The  Determinations,  and  the  Methods  Employed, 

The  determinations  may  be  divided  into  three  classes : — (1.)  Those 
made  with  very  weak  solutions,  of  which  the  freezing  point  was  not 
lower  than  —1*7°.  (2.)  Those  made  with  stronger  solutions,  of  which 
the  freezing  point  was  not  lower  than  —20**.  (3.)  Those  made  with 
very  strong  solutions,  of  which  the  freezing  point  was,  in  extreme 
•cases,  as  low  as  —75°. 

A.  Weak  Solutions. 

The  method  used  for  these  was  the  same  as  that  adopted  by  Baoult, 
and  most  other  workers  on  the  subject.  It  may  be  conveniently  dis- 
tinguished as  the  '*  crystallisation  "  method. 

About  100  c.c.  of  the  solution  were  put  into  a  wide  test-tube,  fitted 
with  a  perforated  stopper,  through  which  passed,  (1)  the  stem  of  a 
delicate  thermometer  (reading  to  00006'  C,  0*05  mm.,  by  estimation) ; 
(2)  the  rod  of  a  stirrer  made  out  of  a  circular  piece  of  platinum  foil ; 
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and  (3)  a  small  short  glass  tabe,  throngh  which  a  piece  of  platinnnr 
wire  with  a  slight  deposit  of  hoar-frost  on  it  conld  be  passed,  in  order- 
to  start  the  crystallisation  of  the  water  when  reqnired. 

The  tnbe  was  immersed  in  a  freezing  mixture  of  ice  and  hydrochlo- 
ric acid,  the  latter  having  previonsly  been  diluted  with  aboat  an 
equal  volume  of  ice-cold  water.  The  temperature  of  such  a  mixture 
is  about  ^10°.  As  soon  as  the  temperature  of  the  solution  had  fallen 
to  O'T*  below  its  freezing  point,  it  was  "touched  off"  with  the 
platinum  wire.  The  temperature  rises  rapidly,  and,  if  the  solution  is 
very  weak,  remains  (apparently)  stationary  for  some  seconds,  after 
which  it  falls ;  in  the  case  of  solutions  of  a  strength  of  about  1*0  per 
cent.,  the  temperature  begins  falling  the  instant  after  it  has  attained 
the  maximum,  and,  the  stronger  the  solution,  the  more  rapid  is  the  fall. 
This  fall  is  due  to  the  fact  that  the  tube  is  kept  immersed  in  the 
freezing  mixture  all  the  time,  and,  as  more  ice  becomes  crystallised 
out  of  the  solution,  the  latter  becomes  stronger,  and  its  freezing 
point  lower.  In  fact,  this  method  must  always  give  the  freezing 
point  of  a  solution  stronger  than  that  which  is  taken;  and  considerably 
stronger,  too,  for,  unless  there  be  a  moderate  quantity  of  ice  formed 
in  the  liquid,  the  latter  will  be  partially  superfused,  and  its  tem- 
perature will  be  abnormally  low.  The  thermometer,  in  fact,  takes- 
the  temperature  of  the  liquid,  and  this  temperature  is  conditioned  by 
the  surrounding  freezing  mixture,  which  tends  to  lower  it,  and  the 
solidification  of  the  water,  which  tends  to  keep  it  constant ;  the  more- 
solid  water  there  is  present,  the  less  will  the  liquid  be  superfused. 
This  explains  the  apparent  anomaly  which  was  always  noticed,  of  the 
temperature  not  rising  to  as  high  a  maximum  as  it  should,  if  the 
liquid  had  not  been  cooled  low  enough  (0*6°  below  its  proper  freezing 
point)  before  being  **  touched  off." 

The  degree  to  which  the  solution  is  superfused,  as  well  as  the- 
temperature  of  the  freezing  mixture,  will  affect  the  amount  of  ice- 
crystallised  out  and  the  temperature  registered.  To  guard  against 
an  error  from  the  latter  source,  a  fresh  freezing  mixture  was  made  for 
every  other  determination,  it  being  used  first  in  the  second  determina- 
tion  with  every  solution.  If  the  two  determinations  differed  by  more 
than  0*001°  or  0*002°  (according  to  the  strength  of  the  solution  under 
examination),  further  determinations  were  made. 

This  method  yields  results  of  very  doubtful  accuracy  with  solutions- 
containing  more  than  5  per  cent,  of  sulphuric  acid,  and  is  quite 
inapplicable  to  10  or  20  per  cent,  solutions.  Not  only  is  the  strength 
of  a  strong  solution  affected  much  more  than  that  of  a  weak  one  by 
the  separation  of  a  given  quantity  of  ice  from  it,  but  the  separation 
takes  place  very  slowly.  The  crystallisation  of  ice  from  a  solation 
is,  in  fact,  precisely  analogous  to  the  crystallisation  of  a  salt  from  a^ 
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isolation,  and  the  stronger  and  more  yiscons  this  is,  the  more  slowly 
does  the  solid  separate  or  redissolve. 

I  tried  various  modifications  of  the  procedore,  but  found  that  the 
one  just  described  gave  the  best  results.  On  allowing  the  liquid 
to  crystallise  without  superf  asion,  or  on  removing  the  freezing  mixture 
as  soon  as  crystallisation  had  begun,  very  unsatisfactory  results  were 
obtained. 

The  main  object  in  the  present  work  was  to  obtain  concordant  results 
throughout  the  series,  but  the  correct  determination  of  the  absolute 
values  was  of  course  desirable.  I  think  that  I  have  succeeded  in  esti- 
mating the  actual  error  in  these  determinations  in  the  following  way. 
The  lowering  of  the  freezing  point  of  water  is,  up  to  about  9  per 
cent,  in  the  present  case,  roughly  proportional  to  the  strength  of  the 
solution,  either  percentage,  or  that  expressed  by  the  number  of  foreign 
inolecoles  to  100  HjO,  a  form  of  plotting,  be  it  noted,  very  different 
from  that  according  to  molecular  composition  expressed  in  terms  of 
the  number  of  water  molecules  present  to  each  HaSOi.  The  heat 
^capacity  of  these  solutions  does  not  differ  much  from  unity,  and  con- 
sequently the  heat  absorbed  in  cooling  any  of  them  to  the  same 
distance  below  its  freezing  point  will  result  in  the  crystallisation  of 
the  same  amount  of  water  in  all  cases,  and  the  strength  of  the  solu- 
tion will  thereby  be  increased  by  an  amount  directly  proportional 
(roughly  speaking)  to  the  strength  of  the  solution  taken ;  the  error  of 
the  freezing  point  will,  as  a  consequence,  be  also  proportional  to  the 
strength,  and  to  the  temperature  at  the  freezing  point. 

Three  solutions  of  different  strengths  were  taken;  each  of  them 
was  cooled  down  very  slowly  to  different  distances  below  its  freezing 
point,  touched  off,  and  then  placed  in  a  bath  at  the  same  temperature 
Ma  itself,  the  contents  of  the  bath  consisting  of  some  of  the  same  solu- 
tion partially  frozen.  The  temperature  to  which  the  thermometer 
rises  in  such  a  case  is  dependent  on  the  degree  to  which  the  solution 
was  supercooled  before  being  touched  off,  and,  in  accordance  with  the 
above  deductions,  was  found  to  be  directly  proportional  to  it.  With 
the  four  or  five  points  obtained  in  each  case  for  different  touching  off 
temperatures  (the  lowest  being  but  16°  below  the  freezing  point),  we 
•can  draw  a  straight  line,  which  will  give  the  freezing  point  which 
would  have  been  observed  had  the  liquid  been  touched  off  at  the 
freezing  point  itself,  that  is,  when  the  amount  of  crystallisation 
^would  have  been  infinitely  small,  and  the  composition  of  the  liquid 
•would  have  been  unaltered  thereby. 

The  three  solutions  gave  the  following  results : — 
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Strength* 
11    p.  c. 

1-5      „ 
2-24    „ 

PICKERING: 

True  f .  p. 
found  as  abore. 

-0-4405 

-0-5864 

-0-8866 

A  STUDY  OP 

P.  p.  vhen  touched 
offO-r'belowf.p. 

-0-4647° 

-0-6219° 

-0-9334° 

Mean 

Correction  for  eacl» 
1°  of  obsrvd.  f.  p. 

0-063° 

0057° 

0-050° 

. .     O-OSSS" 

The  corrections  for  every  1  per  cent,  of  strength  are  0*023°,  0*024°, 
and  0022°  in  the  three  cases  respectively ;  mean  0*023°. 

These  valnes  are  very  concordant,  and  the  correction  is  further 
verified  by  comparing  the  values  thus  obtained  with  those  given  by 
the  method  to  be  described  next,  a  method  which  gives,  I  believe, 
the  theoretical  freezing  point :  thus,  taking  the  readings  of  diagrams- 
representing  the  two  sets  of  results,  we  get — 

F.  p.  corrected, 

Strength.  let  method.  F.  p.,  2nd  method. 

4-0  p.  c.  -1-585  -1-61 

3-5     „  -1-380  -1-38 

30    „  -1-181  -116 

The  error  is  not  greater  than  that  which  may  be  attributed  tc 
the  determinations  by  the  second  method. 

In  spite  of  this  concordance,  however,  I  am  very  doubtful  as  ta 
the  value  of  the  correction,  and  have,  therefore,  given  the  observed 
freezing  points  in  Table  I  as  well  as  the  corrected  ones.  A  fourth 
solution  (0*75  per  cent.),  examined  in  the  same  way  as  the  above,  gave 
results  which  formed  a  curve  instead  of  a  straight  line,  and  similar 
determinations  which  I  have  lately  made  with  solutions  of  calcium 
chloride  also  gave  curves,  and,  furthermore,  led  to  very  inconsistent 
results.  For  various  reasons,  which  I  need  not  enter  into  at  present, 
the  determinations  ofEer  very  great  practical  difficulties. 

Baoult  {Ann.  Chim,  Fhys.  [6],  11,  97)  found  it  difficult  to  use  this 
crystallisation  method  for  the  freezing  points  of  water  or  of  veiy 
weak  solutions,  owing  to  the  caking  of  the  ice  on  the  inside  of  the 
tube.  I  have  found  no  great  difficulty  in  doing  so.  It  is  only  neces- 
sary that  the  freezing  mixture  should  not  be  too  cold — ice  and  the 
strongest  hydrochloric  acid  is  so — and  that  the  liquid,  while  being 
cooled,  should  be  stirred  vigorously.  In  the  present  work  the  freez-^ 
ing  point  of  water  was  determined  at  the  beginning  and  end  of  each 
day's  work.  The  water  used  was  distilled  with  special  care  by 
Messrs.  Hopkin  and  Williams,  and  was  kept  for  the  same  length 
of  time  in  bottles  of  the  same  glass  as  the  solutions  which  had  been 
made  up  with  it. 

To  avoid  false  irregularities  in  the  series   of  results  introduced 
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through  errors  in  the  determination  with  water,  solutions  of  consecu- 
tive strength  were  examined  on  every  third  day. 

Two  series  of  determinations  were  made  by  this  method,  using  a 
different  thermometer  and  different  solutions  in  each.  The  first  series 
extended  to  a  4  per  cent,  solution,  the  second,  which  was  the  fuller 
and  more  accurate  of  the  two,  extended  to  1*8  per  cent.  only. 

Each  value  quoted  in  Table  I  is  the  mean  of  at  least  two  observa- 
tions. The  average  difference  between  single  observations  and  the 
arithmetical  mean  was  found  to  be  0*00066**  in  Series  II,  so  that  the 
mean  error  of  these  means  would  be  aboat  0*0006^  or  0*0005**,  making 
allowance  for  the  fact  that  the  mean  is  sometimes  deduced  from  two, 
and  sometimes  from  three  or  four  determinations.  With  the  stronger 
solutions  of  Series  I,  it  would  be  somewhat  greater. 

The  concordance  of  the  two  series  may  be  judged  by  the  follow- 
ing comparison  of  the  values  deduced  from  the  smoothed  curves  drawn 
to  represent  them : — 


Freezing  point. 

p.  c.  H^04. 

Series  I. 

Series  II. 

JUS. 

0-05 

-0-0260° 

-0-0263° 

+0-0003" 

010 

-00515 

-0-0492 

-0-0023 

0-20 

-0-0899 

-0-0911 

+0-0012 

0-50 

-0-2135 

-0-2054 

+  0-0009 

1-00 

-0-4090 

-0-4018 

-0-0072 

1-50  -0-5896  -0*5846  -0*0059 

The  magnitude  of  the  error  in  the  last  two  cases  is  probably  due 
to  the  touching  off  temperature  having  been  somewhat  different  in 
the  two  series ;  the  values  for  the  weaker  solutions  are  concordant 
within  the  limits  of  the  experimental  and  thermometric  errors. 

B.  Stronger  Solutions. 

The  method  devised  for  determining  the  freezing  points  of  stronger 
solutions  consisted  in  ascertaining  the  temperature  at  which  the  last 
trace  of  solid  dissolved  on  heating  the  partially  frozen  solution.  It  may 
be  distinguished  as  the  "  dissolution"  method,  and,  I  believe,  gives  the 
true  freezing,  or,  rather,  melting  point. 

About  300  or  400  c.c.  of  the  solution  are  placed  in  a  glass  beaker 
and  cooled  down  till  a  good  crop  of  crystals  (ice  or  otherwise)  is  ob- 
tained. The  beaker  is  then  suspended  through  a  hole  in  the  cover 
of  a  large  bath  holding  several  gallons  of  water.  A  thermometer, 
and  a  stirrer  worked  by  an  electromotor  are  placed  in  the  beaker, 
access  of  air  being  prevented,  as  far  as  possible,  by  a  perforated 
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cover.  The  thermometer  is  then  read  at  intervals  of  half  a  minute. 
As  long  as  any  solid  remains  undissolved,  the  temperature  rises  very 
slowly,  and  at  a  practically  regular  rate,  but,  as  soon  as  the  solid  has 
all  dissolved,  the  rate  becomes  much  greater.  The  various  readings 
when  plotted  out  form  a  diagram,  consisting  of  two  lines,  represent- 
ing the  two  rates  of  heating,  and  the  point  of  junction  of  these  gives 
the  exact  temperature  at  which  the  rate  changed,  and  hence  the 
exact  temperature  at  which  the  last  trace  of  solid  disappeared. 


I'la.  1. — BeBults  of  a  "DiBsolution"  Determination. 


-8-5* 


10-0 


Fig.  1  gives  a  sketch  of  the  readings  in  one  determination.  The 
two  rates  of  increase  merge  gradually  into  one  another,  there  being 
generally  two  to  four  observations,  which  lie  on  neither  branch  of  the 
figure ;  these  represent  the  conditions  when  there  is  still  a  little  solid 
left,  but  not  enough  to  keep  the  temperature  of  the  liquid  dovni  as 
low  as  it  should  be.  The  rate  of  cooling  decreases  perceptibly  aa  the 
temperature  rises,  the  line  BG  being  always  curved.     In  dealing  with 
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a  pure  substance,  such  as  HsSOi  or  H^SOiHsO,  the  line  AB  is  hori- 
zontal, the  temperature  remaining  constant  till  fusion  is  complete. 

The  rapidity  of  the  rise  may  be  regulated  by  altering  the  bulk,  or 
the  temperature,  of  the  water  in  the  bath. 

The  method  is  somewhat  tedious,  as  many  as  20  or  30  readings  of 
the  thermometer  being  made  in  each  determination ;  but  the  regu- 
larity and  number  of  these  readings,  when  plotted  out,  afEord  a  sure 
test  of  the  success  of  the  determination. 

The  thermometer  read  to  0*01**  (0*1  mm.)  by  estimation,  and, 
judging  from  the  conformity  of  the  results  with  the  smoothed 
curves  drawn  to  represent  them,  the  average  error  would  be  0*01* 
to  0*02*'  when  water  or  sulphuric  acid  crystallised  out,  and  0'06** 
when  the  monohydrat«  did  so,  the  last  one  or  two  determinations  at 
exceptionally  low  temperatures  being  omitted  in  each  case. 

The  lower  the  temperature,  the  less  marked  is  the  difference  between 
the  two  rates  of  heating,  and  the  less  exact,  therefore,  is  the  determina- 
tion :  the  difficulty  of  cooling  a  considerable  bulk  of  liquid  so  as  to 
get  a  good  crop  of  crystals  precludes  the  use  of  the  method  for 
solutions  showing  a  depression  of  more  than  about  20^ :  it  is  also 
inapplicable  for  very  weak  aqueous  solutions  and  for  water  itself, 
owing  to  the  ice  forming  in  large  cakes  in  these  cases. 

The  long  range  of  temperature  throughout  which  the  observations 
extend  in  some  determinations  (sometimes  10^  or  more),  and  the 
rapidity  of  the  rise  after  the  solid  has  dissolved,  render  it  impossible  to 
use  a  delicate  thermometer.  The  instrument  used  was  compared  with 
a  standard  thermometer  at  14^,  and  the  position  of  the  freezing  point 
of  water  on  it  determined :  from  these  observations  the  temperatures 
below  0°  were  deduced,  on  the  assumption  that  the  coefficients  of  ex- 
pansion were  constant  throughout. 

G.  Strongest  SoliUums. 

With  solutions  causing  a  depression  of  more  than  15®  or  20°,  only 
approximate  results  could  be  obtained.  The  liquid  was  cooled  in  a 
test-tube,  by  means  of  solid  carbon  dioxide  or  liquid  nitrous  oxide, 
till  it  crystallised,  and  the  temperature  at  which  the  crystals  just 
disappeared,  on  allowing  it  to  rise,  was  determined  hj  an  alcohol 
thermometer.  The  temperatures  extended  to  below  —70°,  and 
apparently,  the  error,  even  here,  rarely  exceeded  1**.  At  higher 
temperatures,  where  these  results  overlap  those  obtained  by  the  dis- 
solution method,  the  error  would  appear  to  be  but  a  few  tenths 
of  a  degree. 

Acid  Used, 

The  acid  used  was  prepared  for  me  by  the  kindness  of  Dr.  Messel, 
and  was  different  from  any  nsed  in  my  previous  work.     Compared 
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with  this  former  lot  which  had  been  analysed,  it  gave  results  corre- 
sponding to  100-9524  per  cent.  H2SO4  (see  Trans.,  1890,  57,  72)  ; 
but,  on  determining  its  freezing  point  after  dilution  with  various 
small  proportions  of  water,  this  value  appeared  to  be  too  low.  The 
freezing  points  of  very  strong  solutions,  as  will  be  seen  below, 
constitute  a  figure  with  two  branches,  rising  to  meet  at  a  sharply 
marked  angle,  and  this  maximum  point  must  coincide  with  the  pure 
acid.  The  freezing  point  of  any  crystallising  substance  must  be,  and, 
as  a  matter  of  experience,  invariably  is,  lowered  by  the  addition  of  a 
foreign  body,  and  no  mixture  or  impure  substance  can  have  a  higher 
freezing  point  than  the  pure  substance  itself ;  therefore,  this  maximum 
must  correspond  with  HsSO^  itself.  According  to  these  results,  the 
stock  acid  contained  SO3  represented  by  101*0243  per  cent.  £[2804. 

The  weaker  acids  were  prepared  by  the  addition  of  ice,  and  subse- 
quently of  water,  to  weighed  quantities  of  the  strong  acid. 

BeauUs  obtained, — General  Nature  of  the  Action, 

Tables  I  and  II  give  the  results  obtained  by  the  crystallisation  and 
dissolution  methods  respectively.  The  determinations  made  with  an 
alcohol  thermometer  are  marked  by  an  asterisk.  Doubtful  results 
are  enclosed  in  brackets ;  and  such  duplicates  as  are  quoted  were  made 
on  different  days,  and  with  different  samples  of  the  same  solutions. 
The  percentage,  as  well  as  the  molecular  composition,  is  given,  but,  as 
the  figures  obtained  on  plotting  the  results  according  to  these  two 
methods  resemble  each  other  in  every  important  particular,  I  have 
illustrated  here  but  one  of  them,  that  according  to  percentage  com- 
position. 

Fig.  2. — Freezing  Points  of  Sulphuric  Acid  SolntioDB. 
+  20*1 


30  •     40        50        60        70         80        90       100 
Per  cent.  H,S04. 
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Fig.  2  shows  the  general  nature  of  the  diagram  produced.  Water 
crystallises  from  the  weaker  solutions,  and  the  lowering  of  the  freez- 
ing point  increases  with  approximate  constancy  till  the  strength 
reaches  8  or  9  per  cent,  (nearly  2H,SO4l00H,O) ;  it  then  begins  to 
fall  more  rapidly,  being  represented  by  a  curve  of  increasing  dip,  till 
it  reaches  —  75°  at  38  per  cent. 

Looking  at  the  other  end  of  the  diagram,  where  the  substance 
crystallising  is  HtS04,  it  will  be  seen  that  a  maximum  (10*352°)  of 
a  most  pronounced  character  is  attained  at  the  composition  of  the 
pure  acid,  the  freezing  point  faUing  very  rapidly  on  the  addition  of 
excess,  either  of  SOs,  or  of  water,  it  being  represented  in  the  latter 
case  by  a  line  which  is  very  nearly  straight. 

The  crystallisation  of  the  acid,  HsSOi,  ceases  at  about  76  per  cent., 
and  the  crystallisation  of  the  monohydrate  begins.  The  freezing 
point  rises  rapidly,  forming  an  abrupt  curve,  which  very  suddenly 
changes  to  a  gentle  one,  and  attains  a  maximum  at  8'53^,  where  the 
composition  is  exactly  that  of  the  monohydrate  (84*5  per  cent.) :  it 
then  falls  again,  in  a  manner  analogous  to  that  in  which  it  had  risen. 
The  maximum  here  is  ronnded  off  in  a  way  which  affords  a  striking 
contrast  to  the  maximum  at  HtSOi. 

Isolation  of  the  Tetrahydrate. 

At  the  time  when  the  preliminary  notice  of  these  results  was  com- 
municated to  the  Society  (Proc,  1889,  106),  1  had  not  succeeded  in 
obtaining  any  crystallisation  of  solutions  between  76  and  38  per  cent. 
The  nature  of  the  water  and  monohydrate  curves  rendered  it  ex- 
tremely improbable,  however,  that  these  would  ever  meet,  and  it 
seemed  equally  improbable  that  intermediate  solutions  would  never 
freeze  at  all ;  1  concluded,  therefore,  that  a  fresh  curve,  representing 
the  crystallisation  of  some  unknown  hydrate,  would  fill  the  unoccupied 
space,  and  that  that  hydrate  must  be  either  HaSOid^HaO  or 
HtS044fi30  ;  for  the  monohydrate  curve  had  already  reached  nearly 
as  far  sa  the  composition  of  H2SO42H2O  (73*3  per  cent.),  and  these 
three  hydrates  were,  according  to  my  former  work,  the  only  ones 
which  existed  between  the  percentages  of  76  and  38. 

On  cooling  solutions  of  various  strengths,  1  obtained  a  crystallisa- 
tion, and  a  series  of  freezing  points  which  formed  two  curves  meet- 
ing at  a  well-defined  angle  at  5 7 '6  per  cent.,  and,  as  the  composition 
of  fiaS044H30  is  57*66  per  cent.,  this  concordance  left  no  doubt  that 
the  substance  crystallising  was  this  hydrate. 

This  new  compound  forms  hard,  and  generally  large,  well-defined 
crystals  :  they  resemble  the  monohydrate  in  their  general  appeai*ance, 
and  re-dissolve  in  the>  liquid  but  slowly.     The  melting  point  of  the 
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pure  tetrahydrate  is  —25'*;  but,  jnsfc  like  the  mouobydrate  and  sul- 
phuric acid  itself,  the  liquid  may  often  be  superfused  20°  or  30°  below 
its  freezing  point. 

It  may  still  be  an  open  question  in  the  opinion  of  some  people 
whether  the  crystallisation  of  a  substance  from  a  liquid  proves  its 
existence  in  that  liquid,  but  the  isolation  of  this  hydrate  would  in 
any  case  afford  considerable  weight  to  my  previous  conclusions  that  it 
existed  in  solution ;  for,  I  recognised  it  first  in  solution,  and  8ub$€' 
quently  proved,  by  isolating  it,  that  it  did  exist :  nor  were  the  proba- 
bilities in  favour  of  my  having  first  mentioned  this  hvdrate  by  mere 
chance,  for,  between  the  hydrates  with  2  and  9H»0  (73  and  38  per 
cent.)  there  are  11  possible  hydrates  (HjSO*  combining  with  half 
molecules  of  water)  ;  of  these  I  named  but  two  as  existing,  and  the 
one  isolated  is  one  of  these  two. 

But  the  mere  fact  that  a  solid  crystallises  out  must  prove,  I  think, 
that  the  liquid  contained  some  of  that  substance  in  solution.  The 
mechanism  of  the  action  offers  four  different  possibilities : — (1.)  That 
the  constituents  of  the  hydrate,  water  and  sulphuric  acid,  solidify 
separately  in  the  proper  proportions,  and  subsequently  combine  :  this 
view  is  obviously  untenable,  and  may  be  dismissed  at  once  ;  (2)  that 
the  molecular  aggregates,  a5(HiS044H20),  of  which  the  solid  is  com- 
posed, are  formed  directly  from  the  HsSOi  and  H2O  molecules  :  this 
means  that  no  fundamental  molecule  of  the  hydrate  exists,  and  leaves 
us  with  the  impossibility  of  explaining  how  these  solid  aggregates 
can  hunt  each  other  out,  and  congregate  to  form  large  crystals ; 
(3)  that  the  fundamental  molecules  of  the  hydrate  are  formed  in 
solution,  but  cannot  remain  there,  and,  consequently,  separate  almost 
immediately:  this  is  tantamount  to  saying  that  the  hydrate  is  an 
insoluble  substance,  a  proposition  which  is  most  improbable  in  the 
case  of  a  compound  of  sulphuric  acid  and  water,  and  directly  opposed 
to  the  fact  that  it  forms  well-defined  large  crystals ;  for,  an  insoluble 
substance  is  always,  I  think,  deposited  in  the  amorphous  condition : 
indeed  the  formation  of  a  crystal  implies  that  the  molecules,  before 
they  are  solidified,  are  capable  of  movement  towards  any  already 
solidified  molecules,  the  process  of  solidification  in  such  a  case  being 
a  gradual  one,  and  the  more  gradual  it  is,  the  larger  are  the  crystals 
formed ;  (4)  that  the  molecules  of  the  hydrate  are  formed  in  the 
liquid,  and  exist  there  till  the  temperature  is  lowered  to  its  freezing 
point.     This,  I  think,  is  the  only  tenable  supposition. 

Indeed,  when  a  liquid  freezes  and  melts  at  a  definite  temperature, 
when  the  temperature  remains  constant  till  the  whole  of  the  liquid  is 
frozen,*  when  any  alteration  in  its  composition  lowers  its  freezing 

*  The  rough  determinations  made  were  insufficient  to  show  whether  the  tem- 
perature remained  quite  constant  throughout  the  freezing,  but  it  is  inevitable  that 
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point,  we  have  the  most  certain  evidence  yet  adduced  for  regarding 
that  liquid  to  be  a  definite,  though  possibly  somewhat  dissociated 
compound.  If  we  deny  this  argument  when  applied  to  the  hydrate 
in  question,  we  must  deny  it  in  all  cases,  and  conclude  that  neither 
the  monohydrate,  nor  sulphuric  acid  itself,  nor,  indeed,  any  other 
liquid,  is  a  definite  substance.  The  argument  is  precisely  analogous 
to  that  depending  on  a  constant  boiling  point. 

Of  course  it  cannot  be  argued  that  the  fact  of  the  existence  of  a 
liquid  hydrate  at  —25^  implies  its  existence  at  the  higher  tempera- 
tures of  8''  to  SS^,  at  which  my  density  and  other  determinations  were 
made :  on  the  contrary,  I  only  argue  that  because  it  existed,  accord- 
ing to  these  latter  results,  at  the  higher  temperatures,  it  must  exist  at 
the  lower  ones,  and  having  proved  this  to  be  the  case,  I  hold  that  the 
premises  on  which  this  conclusion  rested  must  be  correct.  It  may  be 
pointed  out,  however,  that  the  existence  of  a  liquid  hydrate  at  low 
temperatures  would  generally  imply  its  existence  at  considerably 
higher  ones.  The  present  work,  although  referring  to  temperatures 
lO""  to  100*  lower  than  my  previous  work,  reveals  but  one  hydrate 
which  had  not  already  been  indicated  at  the  higher  temperature ; 
similarly,  a  range  of  3U°  in  the  density  results  was  found  to  affect 
the  sharpness  with  which  most  of  the  hydrates  were  indicated  to 
only  a  very  small  extent. 

The  only  portion  in  which  no  crystallisation  has  yet  been  obtained 
is  between  69  and  76  per  cent.  I  thought  it  probable  at  first  that 
the  dihydrate  (73*3  per  cent.)  might  be  obtained  here,  but  I  doubt 
this  now.  The  absence  of  any  crystallisation  in  this  region  is  not,  I 
think,  due  to  the  lowness  of  the  freezing  points  of  the  solutions,  but  to 
the  pasty  condition  ot  the  liquid,  which  means  a  sluggishness  of  moti(m 
such  as  would  prevent  a  sufficient  number  of  liquid  molecules  coming 
together  to  form  a  solid  aggregate.  Some  of  the  solutions  here  have 
been  cooled  down  to  —110°  without  solidifying :  they  can  scarcely  be 
termed  liquids  then ;  though  perfectly  clear,  they  are  so  viscid  that 
the  thermometer  cannot  be  drawn  out  of  them.  The  last  freezing 
point  obtained  on  the  monohydrate  curve  (at  76  per  cent.)  is  not 
very  low,  about  —22'',  but  in  order  to  get  any  crystallisation  in  this 
case,  the  liquid  had  to  be  touched  ofE  at  —  SO"",  and  kept  at  that  tem- 
perature for  a  considerable  time. 

I  imagine  that  there  exists  either  another  solid  hydrate  of  sulphuric 
acid,  or,  more  probably,  perhaps,  a  modification  of  the  monohydrate, 
possessing  a  melting  point,  or  degree  of  solubility,  different  from  that 
of  the  ordinary  one  (as  is  the  case  with  the  tetrahydrate  of  calcium 

it  rnxut  do  80,  where  the  compoflition  of  the  crystals  is  the  same  as  that  of  the 
liquid  which  yields  them ;  in  other  words,  whereyer  the  freezing  point  is  situated  at 
a  maximum. 
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chloride ;  see  Boozeboom,  Eec,  Trav,  Chim.  des  Pays- Bos ^  8,  1,  fig.  I), 
for  in  the  case  of  solutions  of  about  90  per  cent,  strength,  it  was 
found  that  after  the  ordinary  monohydrate  had  dissolved,  there  was 
left  a  slight  deposit  of  small  crystals,  and,  in  one  case  (90*566  per 
cent.),  the  melting  point  of  these  was  determined,  and  found  to  be 
5'663°  above  that  of  the  ordinary  monohydrate,  that  is,  the  solution 
on  being  heated  up  in  the  determination  by  the  '*  dissolution  "  method 
gave  two  distinct  melting  points. 

Details  of  the  Various  Curves, 

The  four  distinct  curves  constituting  the  general  results  represent, 
it  must  be  remembered,  four  distinct  actions,  and  the  meeting  points 
of  any  two  of  these  must  not  be  regarded  in  the  light  of  breaks,  or 
changes  of  curvature,  such  as  would  indicate  the  existence  of 
hydrates  in  solution.  Their  position  may  be  determined  entirely  by 
the  alteration  in  the  composition,  and  not  of  the  constitution,  of  the 
solution,  and  alterations  in  the  latter  must  be  looked  for  solely  in 
irregularities  and  sudden  changes  of  curvature  exhibited  by  these 
main  curves. 

The  different  scales  on  which  I  have  plotted  the  results  are  very 
numerous,  but  I  think  it  unnecessary  to  give  any  details  respecting 
them. 

A.  The  Water  Curve, 

(1.)  Very  Weak  Solutions, 

Fig.  3  is  an  illustration  of  the  results  of  Series  II  of  the 
**  crystallisation "  determinations.  The  line  marked  IV  may  be 
extended  to  4  per  cent,  by  the  plotting  of  Series  I,  and  exhibits  a 
very  slight  amount  of  curvature.  The  two  series  give  figures  which 
differ  only  in  unimportant  details. 

The  results  form  four  independent  straight,  or  nearly  straight, 
lines,  which  cut  each  other  on  prolongation,  the  prolongation  having 
been  shown  here  in  order  to  render  the  changes  more  distinct.  The 
change  at  I  per  cent,  is  certainly  doubtful,  and  its  omission  would 
make  but  a  small  increase  in  the  error  of  the  points.  According  to 
the  first  series  of  determinations,  there  may  be  a  slight  amount  of 
curvature  about  the  line  III,  and,  according  to  this  series  also,  the 
lines  I  and  II  do  not  appear  to  meet,  a  result,  no  doubt,  of  some 
error  and  the  comparative  paucity  of  the  points  determined.  In  the 
case  of  the  more  accurate  series,  II,  there  are  II,  12,  and  13  experi- 
mental points  on  the  lines  I,  II,  and  III  respectively,  and  the  average 
error  which  they  exhibit  as  compared  with  the  drawing  is  0*0008^, 
there  being  but  five  cases  in  which  it  exceeds  twice  this  amount ; 
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this  error  agrees  well  with  the  mean  error  of  0*0006*'  deduced  above 
from  the  observed  concordance  of  duplicate  determinations. 
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These  results  with  dilute  solutions  are,  on  the  whole,  very  satis- 
factory in  the  evidence  which  they  afEord  of  sudden  changes  in  the 
nature  of  the  solution.  With  Series  II,  the  points  between  0  and 
1  per  cent,  lie  so  evidently  on  different  straight  lines,  that  to  depict 
them  otherwise  would  be  palpably  wrong;  indeed,  an  attempt  to 
draw  the  figure  with  a  bent  ruler,  as  a  continuous  curve,  fails 
utterly. 

The  changes  of  direction  do  not,  of  course,  depend  on  thermo- 
metric  difEerences  of  great  actual  magnitude,  but  their  magnitude, 
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relative  to  the  total  lowering,  is  considerable,  and  implies  large 
alterations  in  tlie  rate  of  change,  as  may  be  seen  from  the  prolonga- 
tion of  line  I.     Further  reference  to  this  will  be  made  later  on. 

The  magnitude  of  these  alterations  is  in  perfect  agreement  with 
those  noticed  in  the  same  region  in  the  case  of  the  densities  and  heat 
of  dissolution ;  and,  it  may  be  remarked,  the  change  at  1  per  cent., 
which  here  appears  to  be  the  most  doubtful  one,  was  also  very  feebly 
shown  in  the  case  of  heat  of  dissolution  results,  and  was  somewhat 
questionable  in  the  case  of  the  densities. 

The  position  of  the  changes  as  indicated  by  the  two  series  are — 

Series  1.  Series  II. 

O'lO    per  cent.  007  per  cent. 

0-365        „  0-35 

0-94          „  105        „ 

Series  11  did  not  extend  far  enough  to  establish  the  change  at 
1*05  per  cent,  very  satisfactorily. 

The  discrepancy  between  007  and  O'lO  ])er  cent,  is  not  greater 
than  might  be  expected  from  the  paucity  of  the  points  in  Series  I, 
and  the  smallness  of  the  actual  percentage  difference,  but  it  makes  Sr 
considerable  difEerence  in  the  molecular  composition  of  the  hydrate 
indicated  (8000  or  5000  HjO). 

(2.)  Stronger  Solutions. 

Fig.  4  illustrates  the  results  obtained  by  the  dissolution  method 
with  solutions  from  3  to  38  per  cent. 

Down  as  far  as  8  to  9  per  cent.,  the  points  lie  on  a  line  which  is 
straight  within  the  experimental  error,  which  is  much  greater  here 
than  with  very  weak  solutions.  This  line  is  not  a  continuation 
of  that  representing  the  results  with  the  crystallisation  method 
from  1  to  4  per  cent,  (which  is  reproduced  in  IV,  Fig.  4),  so 
that  some  change  at  about  4  per  cent,  seems  probable ;  but  it  is  of 
such  a  slight  character  that  the  single  dissolution  determination  at 
3  per  cent,  would  be  insufficient  to  show  it,  and  as  it,  therefore,  must 
depend  on  the  fitting  together  of  two  series  obtained  by  difEerent 
methods,  it  cannot  be  regarded  as  well  established.  It  may  be 
remarked  that  if  line  IV  is  straight,  as  is  possibly  the  case,  the  last 
determinations  at  4  per  cent,  in  the  crystallisation  series  will  lie 
below  this  line,  and  will,  therefore,  indicate  some  change  in  this 
neighbourhood. 

The  diagram  is  continuous  throughout ;  but,  on  drawing  it  with  Sr 
bent  ruler,  it  certainly  does  nob  appear  to  consist  of  a  single  curve ; 
it  can  only  be  drawn  in  three  different  sections,  indicating  changes  of 
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curvature  at  about  9,  17,  and  30  per  cent. ;  but  these  changes,  except 
perhaps  the  last,  are  not  very  well  marked.     The  best  scale  on  which 

Fio.  4. — Freezing  Points  of  Stronger  Aqueous  Solutions  of  Sulphuric 
F.p.  Acid. 


-3(f 


-40^* 


-50^ 


-60* 


-70P 


15  20  25 

Per  cent.  H^04. 


30 


to  plot  these  results,  so  as  to  show  the  changes  b}-  the  application  of 
a  bent  ruler,  was  found  to  be  1  per  cent,  and  2**  to  the  inch,  but  about 
half  a  dozen  other  scales  were  tried,  that  which  was  least  favourable 
for  showing  the  changes  being  used  for  drawing  the  curve  which  was 
subsequently  differentiated.  Further  evidence  of  their  existence  was 
sought:  (1)  by  a  direct  differentiation  of  the  experimental  values 
themselves;  (2)  by  drawing  the  figure  as  one  continuous  curve, 
smoothing  out  the  irregularities  as  far  as  possible,  and  then  differ- 
entiating this  curve.  These  results  are  given  in  Tables  III  and  IV, 
VOL.  Lvn.  2  B 
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and  are  illustrated  by  Fig.  5,  A  and  B.   (For  details  as  to  the  methods 
of  differentiation,  reference  must  be  made  to  Trans.,  1890,  67.) 

The  direct  differential  (in  drawing  which  it  is  well  to  take  mean 
points  at  certain  places)  consists  of  two  straight  lines,  V  and  VI, 
followed  bj  a  curve,  VII.  It  cannot  be  extended  beyond  24  per  cent, 
with  any  accuracy,  owing  to  the  determinations  with  stronger  solu- 
tions being  of  a  i*ough  character,  but  the  results  are  sufficient  to 
indicate  some  considerable  change  in  the  neighbourhood  of  30  per 
cent. 


Fig.  5. — First  Differentials  of  the  Freezing  Points  of  Aqueous  Solutions 

of  Sulphuric  Acid. 
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The  differential  from  the  smoothed  curve  (Fig.  5,  B)  yields,  of  course, 
more,  regular  results,  but  results  which  closely  resemble  those  o£tlie 
direct  differential.     The  portion  VIII  appears  to  be  curved.* 

The  changes  at  9  and  17  per  cent,  are  certainly  not  well  marked, 
and  depend  on  differences  of  smaller  relatiye  magnitude  than  those 
with  very  weak  solutions.  In  this  respect,  the  evidence  from  the 
freezing  points  coincides  with  that  from  other  sources. 

The  positions  of  the  changes  as  determined  by  the  three  methods 
of  analysis,  together  with  what  I  consider  is  the  most  probable  mean, 
are  the  following : — 


*  A  difPfrent  scale  must  be  adopted  in  plotting  out  the  values  above  24  per 
cent,  in  Table  IV. 
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Dnwing 

with  bent  ruler. 

8-5  p.  c. 
16-5     „ 
30-0     „ 


Direct 
differentiaL 
90  p.  C. 
160     „ 
(320     „  ) 


Differential  of 
smoothed  curve. 

8-5  p.  C. 

19-0     „ 

29-0     „ 


Mean. 

87  p.  c. 
17-2     „ 


The  Tetrahydrate  Curve. 

All  the  determinations  forming  this  curve  are  of  an  approximate 
-character,  and  are  shown  with  suflBcient  clearness  in  the  figure 
representing  the  general  results  (Pig.  2,  p.  338). 

The  sudden  change  of  curvafcare  at  the  maximum,  57*6  per  cent., 
is  unquestionable.  The  only  other  hydrate  which,  a.!Cording  to  my 
previous  work,  occurs  in  the  range  embraced  by  this  curve,  is  that 
with  5*5  HvO  at  49'8  per  cent.  There  is  no  certain  indication  of  it 
^ven  by  any  change  of  curvature  here,  but  the  determinations  were 
insufficient  in  number  and  accuracy  to  render  the  existence  of  any 
such  indications  at  all  probable. 

The  Monohydrate  Curve. 

Fig.  6  represents  this  carve  on  a  larger  scale  than  was  used  in 
Fig.  2.  All  the  determinations  were  made  by  the  dissolution  method. 
The  results  balow  —10°  are  of  doubtful  accuracy,  owing  to  the  slow- 
ness with  which  the  hydrate  dissolves. 


Tig-.  6. — Freezing  Points  of  Solutions  of  Water  and  Sulphuric   Acid  in 
the  Monohjdrate,  and  Differential  therefrom. 
F.p. 
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The  curve  is  a  remarkable  one  in  many  respects;  the  gradual 
manner  in  which  the  maximum  (8*53°)  is  reached,  and  the  sharpness 
of  the  changes  of  curvatare  on  either  side  of  it,  as  well  as  the  mag' 
nitude  of  the  two  other  changes  at  79  and  89  per  cent.,  being  specially 
noteworthy.  The  abruptness  of  the  change  at  82  per  cent,  is  rendered 
more  evident  by  adopting  a  less  open  scale  for  the  percentages  than 
that  in  Fig.  6. 

The  highest  portion  of  the  figure  may  be  drawn  in  various  way& 
with  a  bent  raler,  showing  an  actual  discontinuity  at  82  and  86* 
per  cent.,  or  otherwise ;  but,  however  the  ruler  be  bent,  the  ezistence- 
of  sudden  changes  at  these  two  percentages  is  palpable,  especially 
at  86,  where  we  must  either  represent  absolate  discontinaity  (an 
improbable  representation),  or  a  well-marked  re-entrant  angle.  In 
some  of  the  possible  ways  of  drawing  this  portion  of  the  figure  we* 
get  indications  of  a  change  of  curvature  at  the  apex,  84*6  per  cent., 
in  others  we  do  not.  That  the  monohydrate  exists  is  unquestionable  ; 
that  it  exists  in  solution  is  also,  I  maintain,  a  necessary  consequence 
of  our  being  able  to  obtain  it  from  a  solution,  and  it  appears  carious, 
at  first  sight,  that  its  existence  should  be  marked  by  a  change  of 
curvature  of  such  an  uncertain  nature.  I  applied  differentiation  to 
the  smoothed  curve  from  82  to  79  per  cent.,  to  see  if  the  evidence  in 
favour  of  there  being  a  change  here  would  be  thereby  increased.  The 
curve  taken  for  this  purpose  was  the  most  regular  one  which  could 
be  drawn:  from  86  to  82  per  cent.,  the  figure  was  drawn  in  one 
section,  without  allowing  any  perceptible  change  of  84i'6,  and  the 
drawing  was  continued  in  another  section  as  far  as  79  per  cent.,  the 
whole  figure  being  continuous.  The  readings  of  this  curve  are  given 
in  Table  IV,  and  the  difierential  deduced  from  them  is  depicted  in 
Fig.  6,  B. 

From  this  we  find  further  evidence  of  there  being  a  change  at 
84'6  per  cent.,  the  differential  from  86  to  82  per  cent,  consisting  of 
two  straight  lines  meeting  at  this  point;  but  the  change  is  by  no 
means  well  marked,  and  is  in  striking  contrast  with  the  change  at 
82  per  cent. 

The  uncertain  manner  in  which  the  change  at  the  monohydrate  is 
marked  is  in  exact  concordance  with  a  similar  observation  which  was 
made  as  regards  the  other  properties  of  the  acid  examined,  the  heat 
of  dissolution  especially.  Although,  wherever  differentiation  was 
applied  till  a  rectilineal  figure  was  obtained,  I  got  the  change  at  the 
monohydrate  shown  prominently,  yet  in  all  the  experimental  curves 
themselves  this  change  was  either  doubtful  or  invisible ;  the  freezing 
points  add  but  another  instance  of  the  same  character. 

The  two  other  changes  which  this  figure  shows,  at  90  and  79  per 
cent,  respectively,  are  of  a  very  marked  character,  and  i*equire  no  aid 


Digitized  by  VjOOQIC 


THE  NATURE  OF  SOLUTIONS. 


349 


from  differentiation  to  render  them  apparent.     Thej  are  both  marked 
by  the  existence  of  re-entrant  angles. 

On  plotting  oot  the  experimental  values,  it  will  be  noticed  that  near 
the  points  where  the  various  changes  occur,  the  determinations  have 
been  repeated,  often  with  different  solutions. 

The  Stdphuric  Acid  Curve, 

Fig.  7  illustrates  the  drawing  made  of  these  results.  The  dissolu- 
tion method  was  the  one  adopted.  The  abruptness  of  the  change  of 
curvature  at  100  per  cent,  has  already  been  noticed.     Prom  this  point 


Fia.  7. — Freezing  Points  of  Solutions  of  Water  in  Sulphuric  Acid, 
and  Differential  therefrom. 


96  97  98 

Per  cent.  HJSO4. 


down  to  about  97  per  cent.,  the  experimental  points  may  be  repre- 
sented by  a  gentle  curve  differing  but  little,  though  appreciably,  from 
A  straight  line.  But  to  draw  it  as  a  single  carve  would  not  be 
admissible ;  such  a  drawing  would  represent  seven  consecutive  deter- 
minations between  99*5  and  98*6  per  cent,  as  being  all  too  low  to  the 
extent  of  as  mach  as  0'4*.  The  drawing  here  depicted  follows  the 
^course  of  the  points  more  closely,  and  indicates  two  changes  at  98*6 
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and  99*6  per  cent,  respecfcively*  The  only  doubt  which  I  have  in 
accepting  this  drawing  is  that  it  represents  an  apparent  discon' 
tinnitj  ia  the  figure.  The  numerous  determinations  near  these 
changes  were,  bowever,  made  at  different  times,  and  with  different 
solations.  The  determinations  at  98'03  and  97't>2  per  cent,  are  some- 
what doubtful ;  the  acid  from  whicli  the  solutions  were  made  was  the 
residue  contained  in  a  bottle  whicb  had  been  opened  several  times ; 
the  strength  of  them  inaj  therefore  have  been  somewhat  less  than  it 
ought  to  have  been. 

Below  97  per  cent,  the  curvature  of  the  figure  becomes  pronounced, 
and  proceeds  with  regularity  till  it  meets  the  monohjdrate  curvcr 
the  determinations  at  95*08  and  95'51  alone  showing  abnormally  large 
(bat  opposite)  errors. 

It  was  possible  to  draw  the  whole  of  this  figure  up  to  100  per  cent, 
in  one  section,  though  the  drawing  did  not  appear  so  consistent  with 
the  points  as  one  which  showed  a  change  at  97  per  cent.  However, 
such  a  drawing  was  made,  smoothing  out  the  minor  changes  at  98*5 
and  97*5  per  cent.,  and  the  figure  differentiated  (Table  IV),  but  the 
results  obtained  only  confirmed  the  view  that  a  change  did  exist  near 
this  point.     Fig.  7,  B,  illustrates  the  differential. 

The  brief  extension  of  the  freezing  points  to  solutions  containing 
excess  of  anhydride  was  necessary  to  show  the  nature  of  the  change 
at  100  per  cent. ;  it  affords  an  instance  of  a  sudden  change  of  curva- 
tui*e,  at  100*63  per  cent.,  of  almost  as  marked  a  character  as  any 
other  in  the  whole  series.  There  were  ten  determinations  made  on 
this  branch  of  the  curve,  and  they  are  all  very  concordant,  repetitions 
with  the  same  or  different  solutions  having  been  made  at  three 
points  where  ac<^uracy  seemed  to  be  most  requisite.  The  angle  made 
by  the  two  uections  of  this  branch  is  re-entrant,  and  the  change  of 
curvature  is  therefore  unquestionable. 

Disctusion  of  the  Besults. 

The  general  results  of  the  crystaUisation  of  solutions  containing^ 
between  0  and  100  per  cent.  H2SO4  prove  the  existence  of  four  different 
solid  compounds  (including  water  and  the  acid  itself),  and,  as  I  liare 
argaed  above,  of  the  same  substances  in  the  liquid  condition. 

The  question  which  naturally  suggests  itself  at  first  is,  why,  if 
there  are  yet  other  compounds,  as  my  former  work  implies,  do  they 
also  not  cryHtalluse  out,  each  forming  an  independent  curve  with  a 
rising  and  falling  branch  ?  The  answer  is  obvious.  Different  sub- 
stances, as  is  well  known,  differ  widely  in  the  ease  with  which  they 
pass  from  the  liquid  to  the  solid  condition  ;  a  solution  of  a  composi- 
tion corresponding  to  a  definite  hydrate,  say,  HsS049HsO,  will  contain 
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not  only  tbis  hydrate,  but  a  certain  proportion  of  its  products  of 
decomposition,  and,  at  a  given  temperature,  it  may  be  supersaturated 
with  the  9HaO  hydrate,  and  with  higher  and  lower  ones;  one  of 
these  latter,  although  present  in  much  smaller  proportions  than  the 
9HsO-hydrate,  will  separate  out  in  preference  to  it,  if  it  assumes  the 
solid  condition  more  easily.  In  fact,  the  crystallisation  of  a  particular 
hydrate  must  be  determined  by  the  ease  with  which  it  assumes  the 
solid  condition,  the  relative  proportions  in  which  it  is  present,  its 
solubility  in  the  other  substances  present,  and  the  temperature  of  its 
normal  freezing  point. 

That  the  same  solution  may  be  supersaturated  with  two  different 
substances,  or  that  the  conditions  of  equilibrium  may  be  so  nicely 
balanced  that  the  nature  of  the  solid  added  is  sufficient  to  determine 
the  crystallisation  of  either  one  or  other  compound,  has  been  proved 
by  Roozeboom  (loc.  sup.  cit)  in  the  case  of  calcium  chloride  (and  I 
have  verified  his  observation),  where  solutions  of  certain  strengths 
may  be  made  to  yield  a  crop  of  crystals  either  of  the  hezahydrate  or 
of  the  tetrahydrate,  and  at  different  temperatures,  according  to 
which  of  these  salts  is  used  to  touch  off  the  solution :  in  fact  any  two 
main  carves,  such  as  those  in  Fig.  2  (p.  338),  can,  in  the  case  of 
calcium  chloride,  at  any  rate,  be  produced  beyond  the  point  at  which 
they  meet.  It  would  be  useless  to  expect  the  isolation  of  every 
hydrate  in  the  solid  condition,  and,  unless  by  chance  (such  as  touching 
off  the  liquid  with  a  substance  isomorphous  with  the  unknown  crystals), 
I  think  it  improbable  that  any  fresh  hydrates  will  be  solidified. 

Their  presence  in  solution  can  be  revealed  solely  by  the  irregu- 
larities of  changes  of  curvature  in  the  main  curves. 


Position  of  the  Changes  of  Curvature. 

The  various  changes  of  curvature  have  been  mentioned  in  describing 
the  details  of  each  of  the  main  curves.  It  only  remains  to  see  whether 
their  positions  agree  with  those  of  the  changes  shown  by  the  pro- 
perties previously  examined. 

The  following  table  contains  the  present  and  previous  results,  the 
latter  being  the  means  deduced  from  one  to  seven  different  cases,  each 
case  meaning  the  examination  of  a  different  property,  or  that  of  the 
same  property  under  different  conditions  of  temperature.  The  letters 
N.D.  signify  that  there  were  no  data,  or  not  sufficient  data,  to  deter- 
mine whether  the  particular  change  existed  or  not.  The  changes 
which  are  best  established  are  marked  by  an  asterisk. 

The  concordance  is  most  satisfactory.  There  is  not  a  single 
change  mentioned  in  the  earlier  results  which  has  not  been  confirmed 
by  this  subsequent  work,  wherever  the  data  obtained  were  sufficient; 
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Table  A. — Position  (in  Percentage  Values)  of  the  Changes  of 
Curvature. 
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20.      10 

106 

1      » 

610 

19 

s 

1-067 

21.      0*35» 

0-34 

I     » 

1500 

f) 

&s 

0  362 

22.      0  07» 

0-105 

1      „ 

8000 

»» 

■ 

0-068 

of  the  four  changes  which  have  not  been  confirmed,  three  are 
placed  near  the  junction  of  two  of  the  main  curves,  where  the  lowness 
of  the  temperature,  and  the  alteration  in  the  nature  of  the  reaction, 
would  preclude  the  possibilitj  of  establishing  them  (in  one  case  no 
freezing  points  at  all  were  obtained),  while  the  fourth  is  situated  on 
the  imperfectly  examined  tetrahydrate  curve. 

The  average  difference  between  the  former  and  present  results  is 
but  0*369  per  cent. ;  in  two  cases  only  does  it  exceed  1  per  cent.,| 
and  it  is  only  in  the  last  hydrate  that  the  present  work  introduces 
any  modification  in  the  molecular  composition  shown  by  the  previous 
results. 

The  freezing  points  show  five  changes  which  the  other  properties 
did  not ;  two  of  these  are  in  a  region  beyond  that  to  which  the 
earlier  work  extended ;  the  third  (98*6  per  cent.)  is  a  somewhat 
uncertain  change,  which  would  scarcely  have  been  shown  by  any  of 
the  other  properties,  and,  although  there  were  not  sufficient  data 
in  the  earlier  work  to  show  the  remaining  two  (at  86  and  82  per 

t  The  actual  mean  was  9'69,  but  the  more  probable  value  was  8*7  (p.  127). 
X  Omitting  these,  the  ayerage  difference  is  only  0'27l  per  cent. 
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cent.),  there  were  facts  which  induced  me  to  suggest  the  possibilitj 
of  their  exiBtence  (p.  132). 

It  is  interesting  to  note  that  my  former  suggestion,  that  the  higher 
hydrates  contain  sulphuric  acid  in  proportions  which  bear  simple 
numerical  relations  in  the  various  cases,  obtains  farther  support  from 
the  present  work.     We  have  the  series — 


36H,S04  : 

ISO,* 

36    „ 

:  1H,0 

12    „ 

1   „ 

6    „ 

•  1  » 

3    „       . 

1   „ 

3    „       • 

2  „ 

and  it  will  also  be  seen  that  the  complex  hydrates  which  the  mono- 
hydrate  forms  are — 

6(H,S04H,0) :  H2SO4  and 
6(H.,S04H,0):H,0 

respectively;    but,    as    I   said  before,  these    indications    must    be 
accepted  with  great  caution. 

Nature  of  the  OTianges. 

The  freezing  points  of  solutions  possess  certain  advantages  over 
the  other  properties  hitherto  examined  for  revealing  sudden  changes 
of  curvature. 

The  results  at  100  and  57*6  per  cent,  prove  that  definite  hydrates 
are  in  some  cases  marked  by  undoubted  changes  in  the  curvature. 
This  is  a  point  of  great  importance.  These  and  many  of  the  other 
changes  are  of  a  much  more  marked  character  than  those  shown  by 
other  properties,  but  the  lowness  of  the  temperature  may  account  in 
part,  no  doubt,  for  this.  With  very  weak  solutions,  they  may  not 
be  greater  in  magnitude  than  in  the  case  of  the  heat  of  dissolution  and 
densities,  but,  since  the  experimental  figure  consists  of  straight  lines, 
the  changes  are  more  easily  recognisable,  and  their  position  more 
easily  determined.  With  stronger  solations,  we  get  some  of  the 
changes  marked  so  plainly — sometimes  even  by  re-entrant  angles — 
that  a  cursory  inspection  is  sufficient  to  establibh  their  existence, 
while  in  the  majority  of  cases  we  have  no  need  to  have  recourse  to 
the  somewhat  unsatisfactory  process  of  differentiation  to  render 
ihem  visible. 

*  Thedetenainations  did  not  extend  far  enough  to  determine  the  position  of  this 
change  with  any  eertainty. 
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The  nature  of  individual  portions  of  the  main  carres  is  probably 
not  parabolic,  as  with  the  other  properties.  The  first  differential  of 
the  results  with  very  weak  solutions  will  consist  of  a  series  of  hori- 
zontal lines ;  with  stronger  solutions,  where  the  experimental  curves 
exhibit  but  a  moderate  amount  of  curvature,  we  get  a  first  differen- 
tial which  is  sensibly  rectilineal,  while,  with  the  rest  of  the  figure,  we 
get  a  strongly  curved  first  differential ;  and  repeated  differentiation  of 
such  curves,  I  find,  fails  to  redace  them  to  straight  lines.  In  cases, 
therefore,  where  difEei*entiation  alone  will  reveal  the  changes,  the 
freezing  points  will  yield  more  doubtful  results  than  other  properties, 
for  the  true  nature  of  the  differential  is  not  yet  known. 

The  strict  similarity  between  the  differential  of  the  water,  the 
monohydrate,  and  the  sulphuric  acid  curves  (Figs.  5,  6,  and  7)  is  very 
noticeable,  the  opposite  direction  in  which  the  first  of  these  bends 
is  but  the  result  of  the  experimental  curve  having  been  plotted  in 
this  case  from  left  to  right. 

Another  point  which  must  make  us  careful  in  using  the  freezing 
points  as  a  means  of  recognising  hydrates  is,  that  some  of  the  changes 
of  curvature  may  be  the  results  of  the  alteration  in  the  molecular 
composition  of  the  solvent.  Baoult's  work  has  shown  that  water  as  a 
solvent  generally  acts  as  if  its  molecules  consisted  of  SH^O,  some- 
times of  4H2O ;  this  applies  to  very  weak  solutions ;  and,  as  we 
increase  the  strength  of  the  solution,  it  is  possible  that  these  com- 
plexes may  simplify,  inducing  as  a  consequence,  alterations  in  curva- 
ture. Such  simplification  might  (and  probably  would)  occur  only 
coincidently  with  changes  in  the  hydrates  present,  and,  if  so,  it 
would  lead  us  to  no  false  conclusions,  but  we  are  at  present  in  the 
dark  on  this  point.  At  any  rate,  the  simplification  of  the  8H)0  (for 
such  the  water  molecule  seems  to  be  in  sulphuric  acid  solutions) 
could  involve  but  two  sudden  changes  of  curvature  at  most,  while  as 
many  as  seven  have  been  recognised  in  the  water  curve.  A  simplifi- 
cation of  the  solvent  molecules,  it  may  be  noted,  might  affect  the 
other  properties,  but  about  this  we  know  nothing.  It  TMut  affect  the 
freezing  points. 

Bearing  of  the  General  Results  on  the  Theories  of  the  Nature  of 
Solutions. 

The  establishment  of  the  sudden  changes  of  curvature  is,  I  main- 
tain, conclusive  against  any  physical  theory  of  dissolution  according 
to  which  the  action  must  be  of  a  regular  nature.  But  even  the  more 
general  characteristics  of  the  freezing  points  give  important  evi- 
dence in  the  same  direction. 

If  the  freezing  point  be  determined  by  the  balancing  of  the  three 
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attractions  of  solvent  for  solvent  molecules,  solvent  for  dissolved 
molecules,  and  dissolved  for  dissolved  molecules,  then,  when  we 
increase  the  strength  of  the  solution,  we  shall  incrt^a^^e  the  attraction 
of  the  dissolved  molecules  for  each  other,  and,  therefore,  lessen  the 
relative  magnitude  of  their  attraction  for  the  solvent  molecules ;  the 
latter  will  be  at  greater  liberty  to  combine  with  each  other,  and  the 
freezing  point  of  such  solutions  should  consequently  be  abnormally 
high ;  the  same  will  be  the  case  according  to  the  osmotic  pressure 
theory,  on  which  the  deviations  from  regularity  are  regarded  as  due 
to  the  dissolved  molecules  being  brought  within  the  sphere  of  each 
other's  attraction.  But,  as  a  matter  of  fact,  the  reverse  is  the  case  : 
in  every  instance  here  given,  and  in  every  other  instance  at  present 
known,  strong  solutions  give  abnormally  low  freezing  points,  and  the 
temperature  of  solidification  falls  at  an  increasing,  instead  of  diminish' 
ing,  rate,  whether  they  are  plotted  out  against  percentage  composi- 
tion, or  against  composition  expressed  as  so  many  foreign  molecules  to 
100  molecules  of  the  solvent.  It  is  indeed  surprising  that  vau*t  HofP, 
Arrhenius,  and  others  should  not  have  recognised  that  every  known 
deviation  from  the  so-called  normal  depression,  when  induced  by 
increasing  of  strength  of  the  solution,  is  in  exactly  the  opposite 
direction  to  that  in  which  it  should  be  if  the  law  of  osmotic  pressure 
were  really  correct.  I  do  not  mean,  however,  to  question  the  applica- 
bility of  this  law  to  van*t  HofE's  "  ideal  •'  solutions,  or  to  question 
the  correctness  of  the  conclusions  which  they  draw  from  premises 
with  which  they  start. 

If,  however,  solutions  contain  hydrates,  these,  although  the  above 
cause  (tending  to  render  the  depression  abnormally  small  with  strong 
solutions)  will  still  exist,  its  influence  will  be  counterbalanced  by  the 
dissolved  substance  taking  away  and  combining  with  some  of  the 
water,  thereby  rendering  the  solution  stronger  than  it  would  appear 
to  be  according  to  the  relative  number  of  HaO  and  H3SO4  molecules 
present.  I  do  not  mean  to  state  that  the  abnormally  large  depression 
is  inexplicable  on  any  physical  cause,  or  that  it  proves  the  correctness 
of  the  chemical  theoty,  but  only  that  it  is  inconsistent  with  the 
physical  theories  of  solution  at  present  existing,  while  it  is  not  incon- 
sistent with  the  hydrate  theory. 

According  to  the  supporters  of  the  osmotic  pressure  theory,  the 
depression  of  the  freezing  point  is  not  only  independent  of  the  nature 
of  the  solvent  and  of  the  dissolved  substance  (with  some  numerous 
exceptions),  but  it  is  directly  proportional  to  the  amount  of  the  latter 
present  to  every  100  parts  of  the  solvent.  In  other  words,  each 
branch  of  the  four  different  curves  (Fig.  2,  p.  338)  should  be  a  straight 
line.  The  deviations  from  straightness  are  too  palpable  to  be  denied, 
and  the  statement,  therefore,  has  to  be  limited  to  solutions  containing 
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SO  libtle  of  the  dissolved  substance  that  the  particles  of  this  latter  are 
as  far  removed  from  the  sphere  of  each  other's  attraction  as  they 
would  be  if  in  the  gaseoas  condition.  A  solntion  of  about  0'44'  per  cent, 
strength,  or  007H2SO4  to  lOOHgO,  would  contain  the  acid  in  the 
same  stAte  of  dilution  as  it  would  be  when  a  gas  at  760  mm.  pressure ; 
but  the  experimental  facts,  on  which  the  same  conclusions  were 
based,  were  obtained  with  solutions  some  ten  times  stronger. 

Now,  at  2'5  per  cent,  the  molecular  depression  is  nearly  the  same 
as  it  is  in  the  majority  of  cases  where  salts  are  dissolved  in 
water:  it  is  2*09  (37-6),*  while  Raoult's  avei-age  value  is  2-OG  (37) 
(Raoult's  value  in  the  case  of  sulphuric  acid  itself  was  2'il  (38*2), 
Ann,  Ohim.  Phys.  11,  100)  ;  this  point  (2'5  per  cent.),  moreover, 
occupies  the  highest  relative  position  in  the  diagfram.  Drawing  a 
straight  line  from  the  freezing  point  of  this  2'5  per  cent,  solution 
(about  H3SO1  to  2OOH3O)  to  that  of  water,  we  find  that  the  actual 
determinations  are  very  far  from  agreeing  with  such  a  line ;  the 
maximum  deviation  is  as  much  as  0'0157°,  or  26  times  the  experimental 
error,  and,  at  0*07  per  cent.,  it  amounts  to  28  per  cent,  of  the  total 
depression.  Fig.  8  illustrates  these  results,  and  even  if  we  draw  the 
straight  line  from  0  to  0*44  per  cent,  (where  all  the  actions  should, 
according  to  the  osmotic  pressure  theory,  be  absolutely  uniform),  we 
get  a  similar  aberration ;  amounting  at  0*07  per  cent,  to  0*0080"*,  or 
20  per  cent,  of  the  total  depression. 

The  alteration  in  the  values  of  this  so-called  constant  is  shown  by 
the  fourth  column  of  the  following  table,  and  its  influence  on  the  cal- 
culations for  the  molecular  weight  of  sulphuric  acid  is  shown  in  the 
last  column,  these  values  being  relative  ones,  based  on  the  supposition 
that  the  depression  at  2*5  per  cent,  gives  the  theoretical  weight. 

The  irregularities,  even  with  solutions  far  weaker  than  those 
which,  according  to  the  tneory  of  osmotic  pressure,  should  behave 
with  perfect  regularity,  are  very  great ;  and,  although  we  might,  from 
a  priori  considerations,  imagine  that  sulphuric  acid  would  be  an 
exce])tionally  favourable  instance  for  showing  irregularities,  especially 
in  the  regions  of  extreme  dilution,  jet,  it  must  be  admitted  that  it  is 
an  instance  of  typical  regularity  as  far  as  somewhat  rough  determina- 
tions are  concerned ;  for,  not  only  is  the  depression  with  a  solntion 
containing  one  foreign  molecule  to  lOOHsO  identical  with  that 
observed  in  the  majority  of  cases,  but  the  action  is  approximately 
i-egular  for  a  considerable  distance  (as  far  as  a  10  per  cent.,  or 

*  I  use  the  term  molecular  depreesion  to  signify  that  which  would  be  produced 
by  one  diseolred  molecule  on  100  molecules  of  the  solvent ;  it.  is  generally  used  to 
mean  that  produced  by  one  gram  molecular  proportion  of  the  dissolTcd  substance 
on  100  parts  by  weight  of  the  solvent.  I  gire  the  values  for  the  latter  qoantitieB  in 
brackets. 
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[e.8.~DeTiation  of  the  Freezing  Pointffof  Weak  Solutions  of  Sulphuric  Acid 
from  the  Line  of  Minimum  Depression. 


Per  cent.  HJ8O4. 


Tablk  B. — Depression  of  the  Freezing  Point  of  Water  produced  by  the 
Addition  of  Sulphuric  Acid. 


Percent. 

Mols.  H^04 

Freezing 

Molecular 

Calc. 

mol.  weight  of 

H5SO4. 

H2SO,. 

to  lOOHjO. 

point. 

depression. 

0068 

0-0125 

-  0-0369° 

2-96°  (53 -n 
2  -37**  (42  -r) 

69-27 

0-3618 

0  0667 

-  0  1580** 

86  14 

1057 

0-1961 

-  0-4214** 

2  -15°  (AS  -7°) 

95  04 

2  500 

0-4708 

-  0-9825'* 

2-09°  (37-6^ 

(97  -82) 

4  021 

0-7692 

-   1-600** 

2  -08°  (37  -4°) 

98-34 

60(0 

11855 

-  2-520** 

2-15°  (38-7°) 

95  04 

8-585 

1-724 

-  3-456' 

2 -00°  (36-1°) 

101-88 

18-492 

4-167 

-11-83'* 

2  84°(511°) 

71-98 

29-526 

7-692 

-34-00'* 

3-74°  (67-3°) 

54-65 

37-701 

11  -111 

-72-63'* 

6 -64°  (117 -7°) 

31-25 
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2H»S04  to  100 HtO  Bolntion),  and  snch  irregularities  as  this  part  of 
the  diagram  exhibits  would  have  been  within  the  limits  of  the  errors 
of  anj  determinations  which  have  hitherto  been  made.  We  have, 
therefore,  no  reason  to  conclude  otherwise  than  that  other  substances 
will  exhibit  similar  or  even  greater  irregularities  when  investigated 
with  a  similar  degree  of  care. 

To  draw  an  analogy  between  deviations  of  solutions  from  Rao  nit's  law 
and  the  deviation  of  gases  from  Boyle's  law,  is,  I  think,  out  of  the  ques- 
tion. In  the  latter  case  the  deviations  themselves  are  perfectly  regular, 
arc  always  in  the  same  direction,  exist  only  in  extreme  cases,  and  are 
perfectly  intelligible.  The  deviations  from  Raoult's  law,  however, 
have  never  been  stated  to  be  absent  except  in  extreme  cases  where 
their  recognition  would  have  been  impossible,  owing  to  the  compara- 
tive magnitude  of  the  error  in  the  sonoewhnt  rough  experiments  which 
had,  so  far,  been  made,*  and,  even  in  these  extreme  regions,  the  pre- 
sent work  now  shows  that  they  still  exist:  they  occur,  moreover, 
with  no  regularity  whatever,  being  sometimes  in  one  direction,  some- 
times in  the  other,  and  must  therefore  be  unintelligible  on  any 
physical  theory  of  solution. 

To  base  any  arguments  for  the  physical  theory  of  solution  on  such 
a  false  analogy  is  out  of  the  question.  But  it  does  not  follow  from 
this  that  the  depression  of  the  freezing  point  may  not  be  still  of  great 
use  as  a  practical  method  of  determining  the  molecular  weights  of 
'substances  in  the  quasi-gaseous  condition.  But  we  must  make  allow- 
ance for  many  marked  exceptions  and  abnormal  values,  and,  even 
after  doing  so,  we  maybe  misled  by  such  irregularities  as  have  been 
found  in  the  case  of  sulphuric  acid.  Great  caution  must,  therefore, 
be  observed  in  using  it. 

The  deprcHsion  of  the  freezing  point  of  the  monohydrate  pro- 
duced by  the  addition  of  sulphuric  acid  is  abnormally  small,  and 
shows  no  signs  of  being  constant  throui^hont  the  whole  range  invcH- 
tigated.     The  following  are  some  of  the  values  : — 


*  Indeed  I  am  not  aware  of  any  teries  of  determinatiouB  having  been  made  at 
all  to  ascertain  whether  deviations  existed  or  not.  Some  of  He^cook  and  Neville's 
results  with  alloys  may,  however,  be  quoted  as  affording  further  illustrations  of 
irregularity  with  Tery  weak  solutions  (Trans.,  1889,  667). 
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Table  C. — Depression  of  the  Freezing  Point  of  the  Monohydrate  by  the 
Addition  of  Sulphuric  Acid, 

Ck>Tnpo8itioii.*  Moletnilar 

^ * ^    depros^ion. 

8472  p.  c.  HjSOi  H,SO«  to  100H,SO4H2O  0  01*  (approx.) 

85-12  „  5H,S04  „        „  010 

86-40         „  16-67H,S04  „        „  0186 

8910         „  50H,SO4  „        „  0197 

Similar  valaes  are  obtaiDed  for  the  depression  produced  bj  the 
addition  of  water,  thus : — 

Table  D. — Depression  of  the  Freezing  Point  of  the  Monohydrate  hy  the 
Addition  of  Water. 

Composition.  Molecular 

depression. 


/ 

84-36  p.  c.  HjSO*  HjO  to  lOOH.SO^H.O  002^  (approx.) 

aS-84    „        „  6H,0        „  „  005 

82  36    „        „      16-67H20        „  „  012 

78-41     „        „  50H,O        „  ,.  0-31 

Wifch  sulphuric  acid,  on  the  other  hand,  the  addition  of  water  pro- 
duces an  abnormallj  large  depression,  and  a  depression  which  is 
fairlj  constant. 

Table  E. — Depression  of  the  Freezing  Point  of  Sulphuric  Acid  by  the 
Addition  of  Water. 


Co 

mposition. 

MolecuKr 
depression. 

r 

% 

99-82  p.  0.  HaSOi 

H.O  to  lOOHjSOi 

1-072'' 

9910    „        „ 

5H,0      „        „ 

1-070 

9703     „        „ 

16-67H.O      „        „ 

1-116 

94-23    „        „ 

33-33H,0      „        „ 

1-253 

but  these  values  are  hj  no  means  the  same  as  those  obtained  in  the 
case  of  the  lowering  produced  bj  excess  of  sulphuric  anhydride, 
where  we  find — 

Table  P. — Depression  of  the  Freezing  Point  of  Sulphuric  Add  by  the 
Addition  of  Sulphuric  Anhydride. 

Composition.  Molecular 

depression. 


100-182  p.  c.  H,S04  SO,  to  lOOH^SO*  0-422*' 

100-004    „        „         3-38S08  „  0-582 

101-024    „        „         5-84SO,  „  0634 

*  The  percentage  of  Hi804  in  the  monohydrate  is  84*4885. 
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With  the  tetr&hjdrate  the  depression  is  very  small,  and,  especially 
where  the  foreign  substance  is  sulphuric  acid,  very  irregular. 


Table  G. — Depression  of  the  Freezing  Point  of  the  Tetrahydrate, 

(a.)  Bij  Water. 
Composition. 


57-595  p,  c.  H,S04        H,0  to  100(HaS 0*4^0) 

57-353    „        „  5H,0 

54-213    „        „         60H,0 

49-76      „        „       150H,O 

45-59      „        „       250H,O 

37-70      „        „       400H,O 


Molecular 
deprebsion. 

0078  (approx.) 

0073 

0-067 

0076 

0-083 

0-108 


57-90  p.  c.  H2SO4 
58-84    „ 
68-54    „        „ 


(6.)  By  Sulphuric  Acid, 

H.SO4  to  100(HaSO44HaO) 
5HaS0i  „  „ 

60H,SO4 


0-40  (approx.) 
0-27 

0-42 


Selecting  from  the  above  those  values  which  apply  to  solutions 
containing  not  more  than  one  foreign  molecule  to  100  of  the  solvent^ 
and  comparing  them  with  the  values  obtained  by  Baoult,  we  get — 

Table  H. — Molecular  Depression  of  the  Freezing  Points  of  Various 
Solvents  by  Various  Substances. 


Solyent. 


DiMolved  substaace. 


Molecular  depr 
•ion. 


Organic  liquids 

WaUr 

>»     ••• 

f»     ...••••••• • 

Tetrahydrate  of  sulphuric  add 

»»  »»  i» 

Monohydrate  of  sulphuric  acid 

n  )»  i> 

Sulphuric  acid « 


Most  substances  inyestigated 
Most  organic  substances  .... 

Most  inorganic  salts 

Sulphuric  acid 

Water 

Sulphuric  acid 

Water 

Sulphuric  acid 

Water 

Sulphuric  anhydride 


0-68** 

103 
2  06  to  2 -61** 
2-1     „  2-96  t 

0  08 

0  04 

0  02 

0  01 

1072 

0*422 


The  constancy  of  the  value  is  very  far  from  apparent ;  in  some 
cases  it  is  800  times  as  great  as  in  others,  and  of  the  seven  instances 

*  According  to  the  salt. 

t  According  to  the  strength. 
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investigated  in  the  present  work,  there  are  not  two  in  which  it  has 
the  same  valne.* 

So-eaUed  Oryohydratea. 

That  the  so-called  crjohjdrates  are  not  reallj  definite  componnds 
I  have  already  contended  (Ghem.  News,  52,  239),  and  the  present 
work  affords  some  excellent  illustrations  in  support  of  such  a  conten- 
ticm. 

Taking  the  branches  of  any  figures  which  represent  the  crystallisa- 
tion of  two  different  substances,  such,  for  instance,  as  the  two  branches 
shown  in  Fig.  2  (p,  338)  between  0  and  67  per  cent.,  it  will  be  seen 
that,  if  we  start  ydth  weak  solutions  and  cool  them  down,  water  will 
crystallise  out,  the  strength  of  the  solution  becoming  greater,  and  the 
temperature  becoming  lower  the  more  we  cool  it,  while,  if  we  start 
with  the  stronger  solutions,  the  tetrahydrate  will  crystallise  out,  the 
solution  becoming  weaker,  in  this  case,  as  the  temperature  falls : 
between  these  solutions  there  must  be  one  of  such  a  strength  that  on 
cooling  it,  both  water  and  the  t.eirahydrate  will  crystallise  out  simul- 
taneously, leaving  the  composition  of  the  liquid  unaltered.  This 
liquid  (38  per  cent.)  will,  thwefore,  solidify  as  a  whole,  although  the 
solid  formed  will  be  but  a  mixture  of  two  substances.  In  fact,  a 
cryohydric  point  is  the  lowest  point  in  any  figure,  while  a  definite 
compound  crystallising  out  must  always  be  situated  at  the  highest 
point. 

A  solution  at  the  cryohydric  point  is  the  coldest  solution  of  the  same 
solvent  and  dissolved  substance  obtainable,  except  by  superf  using,  and 
as  superfusion  is  impossible  in  the  presence  of  any  of  the  solid  itself, 
the  temperature  at  this  point  must  be  identical  with  that  obtained  on 
mixing  the  crystallised  solid  (the  tetrahydrate  in  this  case)  with  ice, 
provided  we  mix  the  two  in  proportions  which  are  not  very  far  removed 
from  that  in  which  they  should  be  mixed  to  form  a  liquid  of  the 
strength  of  the  so-called  cryohydrate. 

Bwmmary  and  Gonelusion, 

The  freezing  points  of  solutions  of  sulphuric  acid  form  four  separate 
figures,  each  of  which  represents  the  crystalhsation  of  a  different 
substance.  In  the  case  where  water  cxystallises  out,  the  figure  con- 
sists of  a  single  branch  curve,  whereas  in  the  cases  where  the  tetra- 
hydrate, the  monohydrate,  and  anhydrous  sulphuric  acid  crystallise 
out,  each  figure  consists  of  two  curves  rising  up  and  meeting  at  points 

*  A  fuller  discuasion  of  the  bearing  of  these  and  other  results  on  the  theory  of 
osmotic  pressure  will  be  found  in  a  forthcoming  number  of  the  Phil,  Mag, 
VOL.  LVU.  2  0 
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oorresponding  with  the  composition  of  the  sabstance  crystallising  in 
each  case  respectively  (see  Fig.  2) . 

The  tetrahydrate,  as  a  solid,  is  a  new  hydrate  melting  at  —25°,  its 
existence  in  solution  having  been  previously  established. 

Irregularities  and  sudden  changes  of  curvature  are  found  in  tbe 
figures.  These  changes  occur  at  the  same  points  sa  those  noticed  in 
the  case  of  the  densities,  heat  capacity,  heat  of  dissolution,  expansion 
by  heat,  and  electric  conductivity. 

Of  the  seventeen  hydrates  indicated  by  the  last-named  properties, 
every  one  has  received  further  confirmation  from  the  present  work 
where  such  confirmation  was  possible  (in  thirteen  cases)  ;  in  addition 
to  which,  three  others  have  been  recognised  (two  of  which  were, 
however,  suggested  by  the  previous  work),  thus  raising  the  total  to 
twenty.  Sudden  changes  at  H2SO4  and  at  about  SOHsSOiSOs  have 
also  been  established. 

The  freezing  point  diagram  shows  that  the  existence  of  a  definite 
hydrate  may  be  marked  by  an  indubitable  change  of  curvature  at  the 
point  corresponding  to  its  composition  (e.g.,  H,S044HaO  and  HgSO*). 
Many  of  the  changes  are  sufficiently  marked  to  be  evident  without 
the  aid  of  differentiation. 

The  constituent  portions  of  the  various  figures  are  probably  not 
parabolic. 

The  changes  at  the  extreme  end  of  the  water  curves,  with  solutions 
containing  less  than  H2SO4  to  100 H3O,  are  of  considerable  magnitude. 
The  figure  here,  instead  of  being  made  up  of  one  straight  line,  is 
made  up  of  several  straight  lines,  the  last  change  observed  occurring 
with  solutions  as  weak  as  0'07  per  cent.  H2SO4  or  0*0125H,SO4  to 
IOOH2O.  The  molecular  depression  sbown,  even  in  this  extreme  region, 
instead  of  being  constant,  as  it  should  be  according  to  the  theory 
of  osmotic  pressure,  varies  between  2*95*"  and  2*1°. 

The  molecular  depression  in  the  various  curves  ranges  from  O'Ol®  to 
2*95°,  according  to  the  nature  of  the  solvent  and  that  of  the  dissolved 
substance,  these  numbers  referring  only  to  solutions  containing  not 
more  than  one  foreign  molecule  to  100  solvent  molecules.  In  no  two 
oases  out  of  the  seven  investigated  does  it  possess  the  same  value. 
•  In  every  case  an  increase  in  the  strength  of  the  solution  beyond 
this  proportion  entails  an  abnormally  low  freezing  point.  According 
to  all  existing  physical  theories  of  solution,  the  freezing  points  of  such 
solutions  should  be  abnormally  high. 
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Table  I. — Freezing  Points  of  Sidphttric  Acid  Solutions.     OrystdUisa- 

Hon  Method. 

Series  I.  With  Themuymeter  65108. 


Compodtion. 

Freezing  point    Degreee  C. 

Per  cent.  H,804. 

Mols.  H,S04  to 
100H,O. 

Oboerred. 

Corrected. 

8-9934 

-7637 

(-1-6988) 

(-1-6070) 

3-9668 

•7684 

—  1 

6673 

-1-5761 

8-4916 

•6642 

—  1 

•4527 

-1-3724 

8-0080 

'5694 

z\ 

lS}l-»70 

r   -1-18601,  -«^a 
1   -11896/^^®^^ 

2-8055 

'6300 

—  1' 

1668 

-1-1023 

2-4958 

'4700 

—1 

0385 

-    -9810 

1-9966 

•8789 

— 

8338 

-    -7878 

1-7861 

•8388 

. 

•7462 

-    •7051 

1-5966 

•2977 

— 

6699 

-     6831 

1-3977 

•2608 

— 

6902 

-   •5681 

1-2124 

'2268 

— 

5128 

-    -4844 

1-0244 

•1900 

— 

4395 

-   ^4166 

0-8188 

•1516 

—  • 

3529 

-    '3340 

0-7138 

'1150 

~ 

3136 

-   -2972 

0-6145 

•1135 

. 

2680t 

-   -2646 

0-5146 

•0950 

~ 

2811 

-    -2198 

0-4061 

•0749 

— 

1868. 

-     1776 

0-3562 

•0666 

~ 

1680 

-    -1697 

0-3068 

•0564 

-. 

1452 

-    ^1382 

0-2694 

•0478 

_ 

1214 

-    -1164 

0-2056 

-0378 

—  • 

0999 

-    -0952 

01639 

•0288 

~- 

0707 

-    ^0672 

0-1401 

•0258 

~ 

0649 

-   -0617 

01012 

•0186 

—  • 

0640 

-    -0517 

0-0771 

-0143 

~ 

0401 

-    -0883 

0-0619 

-0096 

— 

0267 

-     0256 

0-0264 

•0049 

-    -0163 

-     0167 

Series  IL  With  Thermometer  65661. 


1-7967 

•8857 

-    -7439 

-    -7026 

1-6962 

•2978 

—   • 

6633 

-   -6266 

1-8943 

•2696 

— 

5810 

-    -5489 

11968 

•2228 

{<-- 

•5019 
4982) 

-    -4744 
(-    -4709) 

1-1068 

•2054 

-4668 

-    -4409 

1-0006 

•1866 

~ 

4258 

-     4028 

•9467 

•1755  . 

ir- 

4018 
8981) 

-    -3734 
(-    -3704) 

•8929 

•1654 

•8789 

-    -3684 

•8485 

•1671 

J    - 
1(- 

•3609 
•8661) 

-    -3414 
(-    -3466) 

2  c  2 
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Table  I — contiwued. 


Compositioiu 

Freezing  poiirt.    Degrees  C. 

Per  cent.  H3SO4. 

MolB.  H^04  to 
lOOHjO. 

Obeeryed. 

Corrected. 

•V912 

•1474 

{'E 

'3418 
•3386) 

(- 

•2225 
•3193) 

•7474 

•1883 

•3233 

— 

•8060 

6944 

•1284 

— 

•3028 

— 

2868 

'6476 

•1197 

— 

•2628 

— 

•2679 

•5979 

•1104 

•2618 
•2594) 

(- 

•2480 
•2466) 

*6470 

•1010 

•2407 

2281 

•4984 

•0920 

r  " 

•2223 
•2264 

(- 

•2108 
•2140) 

•4608 

•0831 

•2024 

— 

2160 

•4002 

•0738 

— 

•1809 

— 

•1717 

•3562 

•0656 

— 

•1634 

— 

•1552 

•8225 

•0594 

— 

•1602 

— 

•1428 

•2798 

•0515 

^ 

•1313 

— 

1249 

•2415 

•0443 

{: 

•1127/       "^^ 

,^ 

•10831      .^^ 
•1071/      ^^ 

•2004 

•0396 

•0055 

— 

•0909 

•1791 

-0829 

~ 

•0859 

— 

•0818 

•1591 

•0293 

. 

•0774 

— 

0737 

•1401 

•0258 

— 

•0700 

—   • 

0668 

•1200 

«0221 

{I 

.^}-^ 

I : 

06991  _  .0604, 
0608/       "^'^ 

•0996 

•0183 

{: 

a-^ 

— 

^74 1^   .^.y^ 

0471/       ^*^^ 

•0697 

•0166 

•0485 

— 

0464 

•0799 

•0147 

{: 

'^^^1-0414 
•0418/       ^^* 

I 

^^H-0396 
0400/       ^^ 

•0696 

•0128 

•0393 

— 

0877 

•0599 

•0110 

~ 

•0326 

— 

0312 

•0504 

•0098 

~ 

•0281 

-- 

'0269 

•0401 

•0074 

— 

•0228 

— 

•0219 

•0298 

•0055 

— 

•0176 

—  ' 

0169 

•0249 

•0046 

r    

:a-o^^ 

I . 

a-om 

•0198 

•0036 

J: 

:r}-om 

— 

3-0^7 

•0149 

•0027 

. 

•0092 

— 

0089 

•0100 

•0018 

f     — 

•S--«>« 

— 

^^^^•0041 
0037/ 

•0050 

•0009 

s 

•0049/      ^^^ 

- 

00341      .^. 
•0048/      "^^ 
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Tablil  IL — Freezing.  Fomts  of  Sulphwric  Acid  Solutions, 
Dissolution  Method, 


Per  cent. 
H,S04. 


CompoaitiDn.. 


Moh.  SOs  to 


Treesing  pointv. 
Degrees  C. 


Sulpbunc  add  oiyBtaUiBe^  out. 


101  0243 

«r-84 

— 

J  6- 6721^.^, 
16-634/®  ^ 

100-8171 

4-62. 



7-419 

100-640a 

3-59 

— 

{|:J?I}«<^ 

1006038 

3-38 

— 

8-379 

100-4243. 

2-40 

— 

9-179 

100-2121 

117 



9-849 

100  096a 

0-52 

— 

10- 155 

Mols.  H^O  to 

Mole.  HsSOfHsO  to- 

lOOH^O^. 

100HjSO4, 

100  0000 

0 

0 

10-352 

99-8826 

0-64 

0-64 

9-617 

99-7845 

1-18 

119 

9-121 

99-6007 

2  18 

2-23 

8-053 

99-4669^ 

2-97 

3-07 

7-091 

99-4132 

3-22 

3-33 

6-786 

99-2896 

3-90 

4-06 

6-130 

99-2048 

4-37 

4-67 

5-648 

99  0440 

5-26 

6-55 

4*649 

98-7913 

6-66 

7-14 

3-032 

98-7663 

6-80 

7-30 

2-791 

98-7335 

6-99 

7-51 

2  673 

98-6457 

7-48 

8-08 

2  079 

98-5625 

7-94 

8-62 

1-900 

98-5346 

810 

8-81 

1-591 

98-1974 

M)-00 

11-11 

-  0-413 

98-0316 

10-91. 

12-28 

(-  1676) 

97  -8168 

12-21 

13-91 

-  2-888' 

97  -6210 

13-27 

15-30 

C-  4-345) 

97-4318 

14-36 

16-77 

-  5-349 

97  0924 

16-31 

19-49 

-  7-744 

97-0257 

16-70 

20  05 

-  8-087 

96-6970 

18-60 

22-85 

-10-407 

96-1251 

21-96 

2813 

-14-501 

96-1171 

21-80 

27 -Sa 

(-13-686) 

95  -5205 

25-54 

84-30 

-18-275 

95  160 

27-70 

38-32 

-23-5* 

94-922 

29  14 

41  12 

-24-75* 

94-597 

31-11 

45  15 

'       (-28  0)» 

94-278 

33  07 

49-41 

-31  O* 

94  034 

84-56 

52-80 

-33 -0* 

*  Qbeerred  with  tm  aloohol  thermometer. 
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Table  II — continued. 

Oomposiiioii. 

Freezing  points. 

Pep  cent. 

MoIb.  HaO  to 

Mols.  H,S04HsO 

Degrees  C. 

H^4. 

100HjSO4. 

to  100H^O4. 

Monohydrate  of 

sulphuric  aoid  cryatallisee  out. 

93*556 

37-52 

60  04 

-38 -O* 

98  0343 

40-78 

68  87 

-32-0* 

92  027 

47-19 

89-35 

Mols.  H3SO4  to 
100HaSO4H^. 

-20  0* 

91-100 

53-21 

87-93 

-12-736 

90-566 

56-74 

76-24 

-10-202 

89  -822 

61-73 

62-00 

-  5-776 

88-9713 

67-52 

48  10 

-  0-576 

88  0355 

74-01 

35-12 

+  2-768 

86-7908 

82-89 

20-64 

5-585 

86-2186 

87-06 

14-86 

6-667 

85-6789 

91-04 

9-84 

r8-1251ft.^^ 
17-932|®^ 
8-115 

85-4458 

92-77 

7-79 

84-9717 

96*33 

3-81 

{Im}^'^ 

84-6055 

99  11 

0-90 

Mols.  HjO  to 
100HjSO4H,O. 

r8-5611ft  -,, 
18-464/®  ^^^ 

84-0050 

108-71 

8-71 

8-404 

83-8212 

109-03 

9  03 

7-829 

82-8726 

112  -57 

12-57 

7-309 

820452 

119-19 

19- 19 

5-934 

81-8494 

120-78 

20-78 

5-441 

80-6767 

130-45 

80-45 

2-217 

79-8932 

137  07 

37-07 

r    -  0-38 
l(-  0-12) 

79-0466 

144-41 

44-41 

-  4  486 

78-9508 

145-21 

45-21 

-  4-773 

77-9908 

153-70 

63-70 

-  8-699    ' 

76-9899 

162  -78 

62-78 

-15-199 

75-8940 

178-00 

73  00 

-22 -0» 

78  -217 

199-24 

99-24 

None. 

71  -476 

217-37 

117  -37 

>» 

Tetnhydmte  of 

sulphuric  acid  crystallises  out. 

• 

Mols.  H^04  to 

Mols.  HsS04  to 

lOOHjO. 

100H8S044H,0. 

69  136 

41  128 

16-128 

-54-0* 

65-065 

84- 117 

11-617 

-39  0* 

60  085 

27-638 

2-638 

-28-5* 

*  Obserred  with  an  alcohol  theimometer. 
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Table  II — continried. 


Compotition. 

Freezing  points. 

Pep  cent. 

MolB.  H^O^ 

Mols.  H,0  to 

Degrees  G. 

H^04. 

tolOOHaO. 

100H^O44H,O. 

56-892 

24-232 

12-678 

-25 -0» 

55-128 

22-557 

43-322 

-28 -5» 

49-726 

18-160 

150-07 

-36-7* 

44-504 

14-724 

279-17 

-49  0* 

39-951 

12-207 

419-21 

-68  O* 

38-490 

11-489 

-720* 

Wa 

ter  crystalliBee  out. 

37-662 

11092 



-71-0* 

37-422 

10-980 



-72  O* 

36-993 

10-324 



-68  ^^ 

34-978 

9-877 

.. 

-61  -0» 

34-874 

10-295 

_ 

-56 -5« 

82-577 

8-871 



-47-0* 

29-980 

7-843 



-35 -5* 

27-583 

6-993 

— 

-28-8» 

25-787 

6-121 



-23-6» 

23-9656 

5-787 



(-19-676) 

22-9497 

5-456 



-18  075 

21-8689 

5-189 



-16-302 

21-0042 

4-882 



-14*996 

19-9007 

4-562 



-13-520 

19-2284 

4-371 



-12-700 

18-0067 

4-032 

— 

-11-265 

17-0076 

3-763 

— 

-10-269 

15-9399 

3-482 

— 

-  9  111 

14-7681 

3-181 



-  8-121 

13-4851 

2-869 

— 

r(-  7-105) 
1    -  7-006 

12-7720 

2-688 

— 

-  6-478 

11-9624 

2-496 

— 

-  5-856 

11-0190 

2-274 



-  5-266 

9-9713 

2  033 



-  4-602 

8-9868 

1-813 



-  4  078 

f 7 -9731 
17-9072 

1-591 



-  3-367/-^^ 

1-576 



6-9943 

1-381 



-  2-994 

5-9316 

1-158 



-  2-441 

50023 

0-967 

— 

r-  2-042-1      ^,^. 
1-  2058/"*^^ 

4  1970 

0-804 

— 

r-  1-6971      ,. goo 
t-  1-689/^  ^^ 

3-99342 

0-764 

— 

-  1-582 

3-0058 

0-669 

~~" 

-  1-142 

*  Obseryed  with  an  aloohol  thermometer. 
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Talbe  in. — Freezing  Points  of  Suljphwric  Acid  Solutions. 
Direct  JDifferentiaiion  of  the  BesvJts. 


p- 

t 

dt 
dp- 

?• 

P- 

t. 

dt 
dp' 

P- 

87-542 
35-993 
34-942 
82  -577 
29-930 
27-583 
25-787 
23-966 
22-950 
21  -869 
21-004 
19-901 
19-228 
18-007 
17-008 

-71-5 

-63-5 

-68-8 

-47  0 

-35-6 

-28-3 

-23-6 

-19-676 

-18-075 

-16-802 

-14  996 

-13-520 

-12-700 

-11-265 

-10-269 

-6  16 

-4-47 

-4-99 

-4-34 

-3-07 

-2-62 

-2  15 

-1-576 

-1-640 

-1-510 

-1-338 

-1-220 

-1-175 

-0-997 

36-67 
36-47 
33-76 
31-25 
28-76 
26-69 
24-88 
23-46 
22-41 
21-44 
20-45 
19-56 
18-63 
17-51 

15-940 

14-768 

13-485 

12  772 

11-962 

11-019 

9-971 

8-987 

7-940 

6-994 

5-932 

6-002 

4-095 

3  006 

-10-269 

-  9-111 

-  8  121 

-  7-056 

-  6-478 

-  6-855 

-  6-266 

-  4-602 

-  4-078 

-  3-430 

-  2-994 

-  2-441 

-  2-060 
-1-688 

-  1142 

-1-086 

-  -845 

-  -830 

-  -810 

-  -770 

-  -624 

-  -633 

-  -532 

-  -631 

-  -461 

-  -520 

-  -421 

-  -454 

-  -456 

16-47 

16-86 

14-13 

13  13 

12-37 

U-49 

10-60 

9-48 

8-46 

7-47 

6-46 

6-47 

4-66 

3-66 

Table  TV. — Freezing  Points  of  Sulphuric  Acid  Solutions, 
Differentiation  of  Parts  of  the  Smoothed  Curves  representing  tlve  Results. 


dt^ 
dp- 


dt_ 
dp' 


38 

37 

86 

36 

34 

83 

32 

31 

80 

29 

28 

27 

26 

26 

21. 

23-6 

23 

22-6 

22 

21-6 

21 


-74-3 

-68-7 

-63-6 

-58-5 

-53-6 

-48-9 

-44-4 

-40  0 

-35-7 

-82-5 

-29-7 

-26-9 

-24-4 

-22-10 

-19-96 

-19-08 

-18-16 

-17  31 

-16-49 

-15-74 

-15  02 


Water  oryetalliflee  out. 

21  -15-02 

20-6  -14-31 

20  -13-66 

19-6  -13-08 

19  -12-43 

18-5  -11-86 

18  -11-28 

17-6  -10-74 

17  -10-23 

16-6  -  9-72 

16  -  9-24 

15-6  -  8-77 

16  -  8-32 

14-6  -  7-87 

14  -  7-45 

13-6  -  7-03 

13  -  6-66 

12-6  -  6-27 

12  -  6-93 

11-6  -  5  68 

11  -  5-27 


5-6 

37-5 

6-2 

36-5 

5  0 

35-5 

4-9 

3i-6 

4-7 

33  6 

4-6 

32-5 

4-4 

31-5 

4-3 

30-5 

3-2 

29-5 

2-8 

28-5 

2-8 

27-5 

2-5 

26-5 

2  30 

26-6 

2-14 

24-6 

1-86 

23-75 

1-74 

23-25 

1-70 

22-75 

1-64 

22  26 

1-50 

21-76 

1-44 

21-25 

1-42 

20-75 

1-30 

20-25 

1-26 

19-75 

1-20 

19-25 

1-16 

18-76 

1-14 

18-26 

1-08 

17-76 

102 

17-25 

1-02 

16-76 

0-96 

16-26 

0-94 

15-75 

0-90 

15-26 

0-90 

14-75 

0-84 

14-26 

0-84 

13-75 

0-74 

13-26 

0-78 

12-76 

0-68 

12-26 

0-70 

11-75 

0-62 

11-25 
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Table  IV — continued. 


dt 


dt 
dp' 


Water  ciystalliseB  out. 


-0-64 
-0-62 
-0-60 
-0-58 
-0-66 
-0-54 
-0-50 
-0-48 
-0-48 
-0*50 

-0-46 


11 

— 

6-27 

10-5 

— 

4-96 

10 

. 

4-64 

9-5 

— 

4-34 

9 

~ 

405 

8-6 

— 

3-77 

8 

— 

8-50 

7-6 

— 

3-25 

7 

— 

3  01 

6-6 

— 

2-77 

6 

— 

2-62 

-   114 


10-75 
10-25 
9*75 
9-25 
8-76 
8-25 
7-75 
7-25 
6-75 
6-26 

reoto 

18-0 


The  monohydrate  crystalliMs  out. 


86-2 

+  7-27 

86-0 

7-58 

85-8 

7-85 

85-6 

8*06 

85-4 

8-23 

85-2 

8-36 

85-0 

8-44 

84-8 

8-50 

84-6 

8-51 

84-4 

8-50 

84-2 

8-45 

84-0 

8-37 

83-8 

8-27 

83-6 

8-12 

83-4 

7-95 

83-2 

7-74 

83-0 

7-60 

-1-65 
^1-35 
-106 
-0-85 
-0-65 
-0-40 
-0-30 
-0-05 
+  0-05 
+  0-25 
+  0-40 
+  0-55 
+  0-75 
+  0-85 
+  1-06 
+  1-20 


86-1 
85-9 
86-7 
86-5 
85-3 
85-1 
84-9 
84-7 
84-5 
84-3 
84-1 
83-9 
83-7 
83-5 
83-3 
831 


83-0 
82-8 
82-6 
82-4 
82-2 
82-0 
81-5 
81-0 
80-5 
80-0 
79-6 
79-0 
78-6 


+  7-50 

7-28 

6-91 

6-57 

6  19 

5-78 

4-51 

8-19 

1-73 

0001 

-2-03 

-4-53 

-7-79 


+  1-35 

82-9 

+  1-60 

82-7 

+  1-70 

82-5 

+  1-90 

82-3 

+  2-05 

82  1 

+  2-54 

81-75 

+  2^4 

81-25 

+  2-92 

80-76 

+  3-44 

80-26 

+  4-08 

79-75 

+  5-00 

79-25 

+  6-52 

78-75 

Sulphuric  aoid  ciyBtaUiseB  out. 


100-0 
99-6 
99-2 
98-8 
98-4 
98-0 
97-6 
97-2 
96-8 
96-4 
96-0 
95-6 
95-2 
94-8 
94-4 
94  0 
93-6 


+  10-36 


+  8-06 
+  6-70 
+  3-25 
+  0-77 

-  1-77 

-  4-40 

-  7-05 
-9-80 
-12-77 
-16-75 
-18-95 
-22-27 
-26-75 
-29-60 
-33-65 
-37-95 


+ 

5-76 

+ 

5-88 

+ 

6-13 

+ 

6-20 

+ 

6-35 

+ 

6-68 

+ 

6-63 

+ 

6-88 

+ 

7-43 

+ 

7-45 

+ 

8  00 

+ 

8'30 

+ 

8-70 

+ 

9-38 

+  10-13  1 

+ 

11-00 

99-8 
99-4 
99  0 
98-6 
98*2 
97-8 
97-4 
97-0 
96-6 
96-2 
95-8 
95-4 
95  0 
94-6 
94*2 
93-8 
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XXYl, ---0<mtrihuHons  to  the  Knowledge  of  Muaie  Acid.    Part  L 
Hydromuconic  Add. 

By  S.  RuHBMANN,  Ph.D.,  M.A.,  and  F.  F.  Blackman,  B.Sc. 

LiMPEiCHT,  in  1873  {Anndlen,  165,  253),  published  the  results  of  an 
investigation  undertaken  by  him  with  the  ultimate  object  of  ascer- 
taining the  constitution  of  mucic  acid.  The  results  chiefly  relate  to 
the  action  of  bromine  on  hydromuconic  acid  and  the  snbsequent  action 
of  silver  oxide  and  of  baryta  on  the  brominated  derivatives  thus  ob- 
tained. Since  that  time,  however,  no  work  has  been  done  in  this 
direction,  although  it  would  seem  to  be  one  of  special  interest,  as 
probably  leading  to  a  better  knowledge  of  the  relation  between  mucic 
acid  and  its  isomerides,  especially  saccharic  acid,  and  eventually  to 
the  synthesis  of  these  acids. 

Such  considerations  have  induced  us  to  undertake  a  closer  study  of 
mucic  acid.  Starting  from  mucic  acid,  we  first  prepared  chloromuconic 
acid,  CflH4Cl»02,  following  the  directions  given  by  Bode  (Annalen^ 
132,  195;,  but  the  yield  was  scarcely  26  per  cent,  of  the  weight  of 
the  mucic  acid  taken ;  the  cause  of  this  has  not  previously  been 
investigated,  but  we  are  at  present  occupied  with  the  problem. 
Chloromuconic  acid  is,  as  stated  by  Limpricht,  very  stable;  the 
chlorine  is  not  eliminated  even  by  the  action  of  boiling  alcoholic 
potash  or  ammonia ;  aniline  acts  very  readily  on  an  alcoholic  solution 
of  the  acid,  but  the  crystalline  product  is  merely  the  aniline  salt  of 
chloromuconic  acid,  C«H4Cl204,2NHa*C6H6.    Analysis  gave: — 

Found. 

f ^ ^ 

Theory.  I.  II. 

C    64.'4  6414  — 

H 4-63  61  — 

N 7-05  —  7-05 

The  ethyl  salt  of  chloromuconic  acid  is  prepared  by  passing 
hydrogen  chloride  into  an  alcoholic  solution  of  the  acid;  it  crys- 
tallises in  long  needles  which  melt  at  96**  (Bell,  Ber.,  12,  1273). 
When  heated  with  strong  aqueous  ammonia  at  100°,  this  salt  is 
transformed  into  chloromuconamide ;  the  latter  is  insoluble  in  water 
and  in  alcohol,  and  decomposes  when  heated  to  about  260'*.  This 
compound  is  without  doubt  identical  with  the  white  insoluble  powder 
obtained  by  Wichelhaus  (Annalen,  135, 251)  on  mixing  chloromuconic 
chloride  with  ammonium  carbonate.  Its  composition,  G«H,GlsOs*NH|, 
was  confirmed  by  analysis,  which  gave  : — 
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Calculated  for 

CsHeNsClaO,.  Found. 

N 13-4  13-37 

Hydromuconic  acid,  CeHeOi,  has  already  been  prepared  by  Bode  and 
Wichelhans  and  later  by  Limprlcht.  These  chemists  redaced  chloro- 
mnconic  acid  with  sodium  amalgam,  bnt  we  find  the  nse  of  tin  and 
hydrochloric  acid  more  convenient.  On  adding  the  acid  to  the  re- 
ducing mixture,  it  dissolves ;  if  the  clear  liquid  be  then  poured  off  and 
cooled,  crystals  of  hydromuconic  acid  separate,  and  a  further  crop 
can  be  obtained  by  concentration.  It  may  be  recrystallised  from 
water,  when  it  separates  in  long  needles  melting  at  195°.  The  acid 
is,  as  Bode  found,  readily  etherified  by  boiling  with  alcohol,  but  the 
ethereal  salt  is  better  prepared  by  passing  hydrogen  chloride  into  an 
alcoholic  solution  of  the  acid;  from  this  it  is  precipitated  on  the 
addition  of  water  as  an  oil  which  distils  at  162 — 163*  under  a  pressure 
of  35  mm.  When  shaken  with  aqueous  ammonia,  it  gradually  dis- 
solves, but  before  the  whole  of  it  has  disappeared,  crystals  separate 
which  are  readily  soluble  in  water  and  yield,  on  recrystallisation, 
colourless  needles  melting  at  210°  with  decomposition.  A  nitrogen 
determination  showed  that  this  substance  was  the  amide  of  hydro- 
muconic acid,  C6H«03(NH3)2 : — 

Calculated.  Found. 

N 1972  19-90 

The  composition  and  behaviour  of  hydromuconic  acid  indicate  that 
it  is  an  unsaturated  dicarboxylic  acid ;  and  since  it  may  be  trans- 
formed by  the  action  of  sodium  amalgam  into  adipic  acid, 
COOH-CH,CH,CHa-CH,-COOH,  its  constitution  must  be  either 
COOH-CH:CH-CHa-CH,-COOH  or  COOH-CH,-CH:CH-CHa-COOH ; 
but  as  Baeyer  has  shown  that  hydromuconic  acid  is  formed  by 
the  action  of  sodium  amalgam  on  diacetylenedicarboxylio  acid, 
COOH-C:C-C:C-COOH,  the  first  formula  must  be  assigned  to  this  acid 
{Ber,,  18,  680). 

Dihromadivio  acid^  CeHgBraOt. — By  adding  bromine  in  molecular 
proportion  to  a  hot  concentrated  solution  of  hydromuconic  acid  in 
acetic  acid  a  dibromadipic  acid  is  formed,  as  Limpricht  has  shown. 
The  acid,  according  to  his  statement,  melts  at  190*  with  decomposi- 
tion, but  on  repeating  this  observation  we  found  that  the  melting 
point  varies  between  185*  and  207%  according  to  the  rate  of  heating 
the  capillary  tube.  This  acid,  as  shown  by  the  same  chemist,  is  de- 
composed when  treated  in  aqueous  solution  with  silver  oxide,  losing 
2  mols.  of  hydrogen  bromide  and  yielding  a  monobasic  acid,  CeHeO^, 
called  by  him  muconic  acid ;  judging  from  the  behaviour  of  this  acid, 
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its  formula  and  mode  of  formation  mast  be  represented  as  in  the  fol- 
lowing equation — 

COOHCHBrCHBrCHa-CH^-OOOH  +  Ag^O  = 

CO— C:CH-CH,-CHa<!OOH  +  2AgBr  +  H»0. 

From  this  it  would  be  inferred  that  an  ethereal  salt  of  the  acid 
could  not  undergo  an  analogous  condensation ;  we  have,  therefore, 
investigated  the  action  of  alkalis  and  of  ammonia  on  the  ethyl  salt 
of  dibromadipic  acid. 

The  ethyl  salt  of  dibromadipic  acid  is  readily  prepared  by  passing 
hydrogen  chloride  into  an  alcoholic  solution  of  the  acid ;  after  some 
time  long  needles  separate,  and  on  adding  water  the  remainder  of  the 
ethereal  salt  is  precipitated.  When  recrystaJlised  from  dUute  alcohol, 
it  melts  at  64**,  and  distils  at  212"*  under  a  pressure-  of  40  mm.  with 
only  very  slight  decomposition.  Analysis  verified  ita  formula 
COOCHft  CH,-CH,-CH  Br-CHBrCOOCaH,  :— 

Found. 


f ^ 


Calculated  for 
CioH,604Br,.  I.  II. 

C 33-33  33-84  — 

H 4-44  4-45  — 

Br 44-44  —  4423 

This  ethereal  salt  is  formed  also  fron»  ethyl  hydromuconate  when  it 
is  exposed  to.  the  action  of  bromine  vapour  or  when  bromine  is  directly- 
added  to  it.  When  shaken  with  concentrated  aqueous  ammonia,  it  is 
converted  intO'  an  amide,  crystallisingfrom  alcohol  in  colourless  plates 
which  begin  to  decompose  when  heated  to  about  240^  This  amide  is 
free  from  bromine  and  containfl  two  amide-groups,  as  analysis  shows, 
numbers  being  obtained  corresponding  to»the  formula  G6H402(NH3), : — 

Found. 


Calevlated. 

I. 

IL 

c 

51-43 

61-65 

— 

H 

571 

679 

— 

N 

2000 

— 

1978 

In  this  compound  we  have  an  amide  of  a  bibasic  acid  which  is 
formed  from  the  ethyl  salt  of  dibromadipic  acid  as  follows : — 

COOC,Hft-CHBr-CHBr-CH,-CH,-COOCH,  +  4NHs  = 

C0NH2-CiC-CH,CH,-C0NH,  +  2CH,0H  +  2NH4Br. 
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The  acid  corresponding  to  this  amide  can  be  easily  obtained  by 
warming  ethyl  dibromadipate  with  alcoholic  potash,  dilating  with 
water,  and  acidifying  with  hydrochloric  acid ;  a  precipitate  is  obtained 
consisting  of  fine,  white  needles,  which  are  very  sparingly  soluble  in 
alcohol  and  in  water,  and  decompose  when  heated  to  about  320°. 
Analysis  shows  that  they  have  the  composition  G«He04  : — 

CfJonlated.  FooBd. 

C 50-70  50-53 

H 4-22  4-60 

This  acid  is  therefore  isomeric  with  Limpricht's  muconic  acid,  and 
we  propose,  therefore,  to  call  it  isomuconie  acid.  Finding  that  this  iso- 
muconic  acid  was  so  readily  formed  from  the  ethyl  salt  of  dibromadipic 
acid,  we  tried  the  action  of  alkali  on  the  acid  itself,  when  we  obtained 
isomuconie  acid  with  equal  readiness,  it  being  necessary  merely  to 
warm  it  with  the  potash,  and  subsequently  acidify.  This  experiment 
shows  how  different  the  action  of  alkalis  on  the  bromo-acid  is  from 
that  of  silver  oxide. 

In  order  to  further  establish  the  constitution  of  isomuconie  acid, 
we  determined  its  basicity  and  analysed  some  of  its  salts.  For  neu- 
tralisation of  0*1617  gram  of  the  acid,  a  Tolume  of  titrated  potash 
solution  containing  013913  gram  of  KHQ  was  required  ;  this  corre- 
sponds to  54*37  per  cent,  of  acid,  the  calculated  percentage  being 
54'92.  The  solution  of  the  potassium  saliy  CJ3.iQ^^  thus  obtained,  on 
evaporation  yields  transparent  plates,  which  are  very  soluble  in  water 
but  insoluble  in  alcohol.  A  potassium  determination  of  a  sample 
dried  at  100°  gave — 

Calculftted.  Found. 

K 35-78  35-70 

Silver  isomuconate,  CeHiO^Ag:,  prepared  by  adding  silver  nitrate  to 

a  solution  of  the  acid  neutralised  with  ammonia,  is  a  white,  insoluble 

precipitate  which  can  be  dried  at  100°  without  decomposition.     On 

analysis  it  gave — 

Found. 

Calculated.                    5!  II? 

C 20-22  20-43  — 

H.   1-12                    1-28  — 

Ag 60-67  60-56  604 

Lead  ieomuconate^  C«H404Pb,  is  prepared  by  adding  lead  acetate  to 
a  solution  of  the  potassium  salt.     It  is  insoluble  in  water,  and  gave 

on  analysis — 

Calculated.  Found* 

Pb 60-23  60-73 
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Barium  isoniTiconate,  CeHiO^Ba,  was  prepared  hj  boiling  iso- 
muconio  acid  and  baryta  with  water.  The  excess  of  baryta  was 
removed  bj  carbonic  acid  and  the  barium  salt  precipitated  from  the 
concentrated  filtrate  hj  alcohol.     It  gave  on  analysis — 

Calculated.  Found. 

Ba 49-46  4939 

Ethyl  isomuconatej  C6H404(C2H5)2. — Owing  to  the  very  slight 
Bolnbility  of  isomuconic  acid  in  alcohol,  its  ethereal  salt  could  not  be 
prepared  in  the  nsual  way  by  the  action  of  hydrogen  chloride.  It  is, 
however,  readily  obtained  by  dissolving  the  acid  in  concentrated 
sulphuric  acid,  and  warming  the  solution  with  alcohol.  On  adding 
water,  the  ethereal  salt  crystallises  out  in  colourless  plates  which  are 
collected,  shaken  with  dilute  sodium  carbonate  to  remove  unaltered 
isomuconic  acid,  and  then  recrystallised  from  dilute  alcohol.  The 
crystals  are  very  soluble  in  alcohol  and  melt  at  63 — 64^.  On  analysis 
they  gave — 

Calculated.  Found. 

C 60-6  60-64 

H 707  709 

The  formation  of  isomuconic  acid  would  seem  to  indicate  that  its 
constitution  is  represented  by  the  formula  C00H-C:C'CH,'CH2"C00H. 

The  action  of  bromine  on  hydromuconic  acid  dissolved  in  acetic 
acid  is,  according  to  Limpricht's  statement,  not  the  same  as  that  of 
bromine  on  this  acid  in  aqneons  solution.  He  says  that  in  the  latter 
action  there  are  formed  monobromhydromuconic  acid  and  a  dibrom- 
adipic  acid,  which  is  different  from  the  one  melting  between  185* 
and  207°,  mentioned  above.  It  seemed  to  us  desirable  to  have  this 
experiment  repeated,  especially  as  Limpricht  did  not  succeed  in 
isolating  this  isomeric  acid  in  a  pure  state;  and  A  dor  (Bar,,  4,  627) 
found  that  this  method  gave  rise  to  a  dibromadipic  acid  which 
melted  with  decomposition  at  205^,  Limpricht's  impure  acid  melting 
between  115^  and  120°.  Following  Limpricht's  directions,  we  found 
that,  on  cooling  an  aqueous  solution  of  hydromuconic  acid  to  which, 
while  hot,  an  equivalent  quantity  of  bromine  had  been  added,  white 
prisms  crystallised  out,  while  long  needles  gradually  formed  in  the 
mother  liquor  some  hours  afterwards.  Examination  of  the  substance 
first  deposited  proved  that  it  was  not,  as  Limpricht  would  have  it,  a 
monobromhydromuconic  acid,  but  a  dibromadipic  acid,  as  stated  by 
Ador.  Moreover,  comparison  proved  its  identity  with  the  dibromi- 
nated  acid  mentioned  in  the  first  part  of  this  paper,  for  on  heating 
specimens  of  the  two  acids  at  the  same  time  they  both  melted  at  the 
same  temperature  (194°)  with  decomposition.  Analysis  of  this  acid 
gave  numbers  corresponding  to  GeH9Br204 : — 
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C 
H. 


Calculated. 

Found. 

23-68 

23-88 

2-63 

2-77 

Like  tlie  acid  previously  mentioned,  this  is  converted  into  iso- 
mnconic  acid  when  warmed  with  aqueous  potash.  As  additional 
evidence  of  identity,  the  ethyl  salt  of  this  dibromadipic  acid  was  pre- 
pared and  found  to  have  the  same  melting  point  (Q4i*)  as  the  ethyl 
salt  of  the  acid  obtained  by  bromination  in  acetic  acid. 

The  other  substance  which  crystallises  out  some  hours  aft-er 
the  bromination  of  hydromuconic  acid  in  aqueous  solution  is  very 
soluble  in  water,  and  may  be  recrystallised  from  it  in  long  needles 
which  melt  at  130*  with  decomposition.  On  analysis,  numbers 
were  obtained  which  tend  to  show  that  we  have  to  deal  here  with  a 
mnnobromhydromuconio  acid,  mixed,  however,  with  some  of  the 
dibrominated  acid : — 

Calculated  for 
CeH-Bi04.  Found. 

C 32-28  31-66 

H 314  319 

Thus  it  would  seem  that  by  the  action  of  bromine  on  an  aqueous 
solution  of  hydromuconic  acid,  monobromhjdromuconic  acid  and  a 
dibromadipic  acid  are  indeed  formed,  as  Limpricht  fouod,  but  that, 
in  opposition  to  his  statement,  the  latter  acid  is  identical  and  not 
isomeric  with  the  one  obtained  by  bromination  iu  acetic  acid  solution : 
that,  further,  the  dibrominated  acid  separates  out  long  before  the 
monobrominated  acid,  although  Limpricht's  statement  is  exactly  the 
reverse ;  and  lastly,  that  the  properties  of  melting  at  120**  and  of 
crystallising  with  difficulty,  which  he  associates  with  the  dibromadipic 
acid,  belong  rather  to  monobromhydromuconic  acid. 

Note. — The  above  paper  was  already  in  the  hands  of  the  printer  at 
the  time  we  noticed  the  interesting  work  done  by  Rupe  (Annalen, 
256, 1),  under  the  guidance  of  v.  Baeyer.  Bupe  has  proved  that  the 
hydromuconic  acid  melting  at  195°  has  the  formula 

COOHCHa-CHICHCH.COOH ; 

consequently,  the  acid  we  prepared  and  called  isomuconic  curid,  and 
which  he  also  obtained  and  named  "  muconic  acid,"  has  the  consti- 
tution cooh-ch:ch-ch:ch-cooh. 

The  results  of  further  researches  in  the  direction  indicated  in  the 
paper  we  hope  soon  to  lay  before  the  Society. 

University  Laboratory ^ 
Cambridge 
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XXVIL— The  Molecular  Weights  of  Metals  when  in  Solution, 

By  0.  T.  Hkycock,  M.A.,  and  P.  H.  Nbtille,  M.A, 

Ik  a  communication  made  to  the  Chemical  Society,  and  published  in 
the  Proceedings,  1889,  p.  41,  we  described  some  preliminary  experi- 
ments made  by  us  to  ascertain  the  application  of  the  method  developed 
by  Baoult  to  the  case  of  metals  in  solution  in  each  other.  Since 
then  we  have  continued  our  work  in  this  direction,  and  published  the 
results,  obtained  by  dissolving  metals  in  sodium  (Ghem.  8oc.  Trans, j 
1889,  55,  666). 

We  now  wish  to  bring  forward  the  conclusion  we  have  arrived  at 
by  using  tin  as  the  solvent.  In  carrying  out  this  work  we  have  had 
three  chief  points  in  view :  a. — To  ascertain  how  far  the  general  con- 
clusions arrived  at  by  Baoult  held  for  the  solution  of  one  metal  in 
another.  /3. — To  ascertain  the  atomicity  (number  of  atoms)  of  the 
elementary  molecales  in  solution.  And  7. — To  compare  metallic 
solation  with  the  solution  of  salts.  We  therefore  propose  to  consider 
the  work  in  three  sections : — 

A.  Method  of  experimenting,  with  tables  of  results  obtained. 

B.  Discussion  of  these  results  as  bearing  on  the  general  theory  of 
solution. 

C.  Methods  of  measuring  accurately  the  temperatures  we  have 
employed. 

Section  A. 

The  experiments  were  made  in  the  heavy  iron  blocks,  as  described 
in  our  paper  on  the  lowering  of  the  freezing  points  of  sodium  (loc, 
eit.),  using  paraffin  on  the  top  of  the  tin,  in  order  to  prevent  oxida- 
tion. The  molten  tin  was  kept  continually  stirred  by  means  of  a 
water  motor,  and  the  rate  of  cooling  of  the  blocks  was  reg^ulated  by 
surrounding  them  with  asbestos  cloth.  The  thermometers  will  be 
fully  described  in  Section  C ;  suffice  it  to  say  for  the  present  that  they 
were  carefully  calibrated,  and  would  read  accurately  differences  of 
temperature  of  0"01*  C.  We  may  also  state  that,  owing  to  the  method 
by  which  the  fixed  points  of  our  thermometers  were  determined,  the 
temperatures  given  are  nearly  those  of  an  air  thermometer. 

From  an  inspection  of  the  tables,  it  will  be  seen  that  we  have  at 
present  carried  only  a  few  of  the  metals  to  saturation ;  in  some  cases 
such  as  cadmium  and  lead,  not  given  in  the  tables,  we  have  found 
the  limit  of  solubility,  but  cannot  at  present  give  the  corresponding 
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temperatare  until  we  have  calibrated  and  determined  thef  fixed  points 
of  our  thermometers  for  measuring  the  lower  temperatures. 

To  make  it  clear  how  the  atomic  falls  are  arrived  at  from  our 
experimental  values,  we  give  a  simple  example.  Thus  in  Experi- 
ment 3,  Table  I,  silver  in  tin,  we  had  a  total  weight  of  43085  grams 

4*3085 
of  silver  dissolved  in  400  grams  of  tin,  that  is,  -^j-rg-  atomic  weights 


108 


of  silver. 

Hence  in  100  atoms  of  tin  we  had 


4-3085  X  118  X  100 
108  X  400 


=  1'177  atoms  of  silver. 


Now  the  observed  freezing  point  of  the  tin  was  231*68°,  and  of  the 
alloy  of  tin  and  silver  containing  1'177  atoms  per  100  atoms  of  tin, 
228-29°;  the  fall,  therefore,  was  3-39°.     Hence  the  atomic  fall,  or  fall 

for  1  atom  per  100  of  tin  was  ^^  =  2-875. 


Table  I. — Silver  in  Tin. 


Expt. 
No. 

Weight 

of  tin  in 

block. 

Weight 

of  ailrer 

added  in 

sacceesion. 

Total 
weight  of 

silver 
present. 

Freezing 

point 

of  solution. 

Atoms  of 
silver  per 
100  of  tin. 

Atomic 
faU. 

400 

231-68** 

1 

0.-3645 

0-3645 

2dl-385 

0  099 

2-96 

2 

1-556 

1-9205 

230  15 

0-524 

2-93 

3 

2-388 

4-3085 

228  295 

1177 

2-875 

4 

3-9012 

8-2097 

225*46 

2-242 

2-776 

5 

5  355 

13-565 

221  1 

8-705 

2-855 

6 

6-874 

20-439 

221-1 

5-582 

7 

450 

it 

221-1 

4-962 

8 

500 

ti 

221  1 

4-466 

9 

650 

it 

221  1 

4  06 

10 

600 

»» 

221-86 

3-722 

2-633 

11 

650 

if 

222-575 

3-435 

2-65 

Second  Series  (obtained  with  a  different  thermometer  from  above). 


300 

231-74 

1 

9i 

2-9215 

2-9215 

228  626 

1-064 

2-927 

2 

t9 

6-317 

8-239 

223  -555 

3-00 

2-728 

3* 

it 

8  300 

11  -639 

221  12 

4i'204i 

4 

t* 

1-06 

12-589 

221-12 

4-585 

6 

850 

n 

221  -32 

3-93 

2-651 

6 

400 

t» 

222-607 

3-44 

2-685 

7 

460 

»» 

223  -482 

8063 

2-696 

•  Very  steady  temperatmre. 
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Silver  prepared  by  Stas'  method  in  finelj-powdered,  spongy  con- 
dition was  dropped  in  and  dissolved  easily* 

Table  lI.—NicJcel  in  Tin. 


Eipt. 

No. 

Weight 

of  tin  in 

block. 

Weights,  of 

nickel 
added  in 
succession. 

Total 
weight  of 

nickel 
in  block. 

Freesing 
point  of 
solution. 

Atoms  of 
nickel  per 
100  of  tin. 

Atomic 
falL 

1 

8 

4 
5 
& 

7 

300 
380^ 
860 
890 
420 
472-8 
625 -a 
575 -2» 

0  161 
0-1856 
0-169 
0-1905 

0-161 
0-3465 
0-5155 
0-706 

231  -696'' 
281-8 
281  085 
280-81 
230  82 
230-825 
230-88 
230-925 

0-098 

0-1933 

0-2655 

0-8878 

0  3001 

0-270 

0-2466 

8-01 

2-897 

2-957 

2-648 
2-717 

The  sample  of  nickel  nsed  was  thin  sheet,  part  of  a  crucible  cover. 
Each  quantity  of  nickel  was  kept  for  some  time  at  a  dull-red  heat  in 
a  vacuum  with  weighed  quantities  of  tin ;  it  dissolved  slowly. 

Table  111^— Gold  in  Tin. 


Bxpt. 
No. 

Weight 

of  tin  in 

block. 

Weight 

of  gold 

added  ia 

succession. 

Total 
Height  of 

gold 
present. 

Freezing 
point  of 
solution. 

Atoms  of 

gold  per 

100  of  tin. 

Atomic 
fall. 

200 

231-8" 

1 

0-2211 

0-2211 

231 -62 

e-0663 

2-72 

2 

0-543 

0-7641 

231  14 

0  2292 

2-88 

8 

0-509 

1  -2781 

230-676 

0-3818 

2-94 

4 

0  -513 

1-7861 

230-28 

0-6356 

2-95 

6 

0-520 

2-8061 

229-74 

0-6915 

2-98 

6 

0-6236 

2-8296 

229  29 

0-8686 

2-89 

7 

1-011 

8-8406 

228-4 

1-162 

2-93 

8 

1-2992 

6  1398 

227-3 

1-642 

2-918 

9 

1  -2695 

6-3093 

226  18 

1-892 

2-97 

10 

1-9205 

8-2298 

224-45 

2-465 

2-98 

11 

2  197 

10-4268 

222-425 

3  127 

2-997 

12 

2-2075 

12-7343 

220-426 

3-818 

2-913 

18 

1-6865 

14-8208 

219-39 

4-294 

2-89 

The  gold  used  was  pure,  obtained  from  Johnson  and  Matthey's ;  it 
dissolves  at  once  on  adding  it  to  the  tin.  Unfortunately,  the  ther- 
mometer with  which  these  experiments  were  made  was  broken  befoi*e 
it  was  calibrated,  but  by  a  comparison  of  the  results  with  other  ex- 
periments we  have  been  able  to  effect  a  partial  calibration. 
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Table  JY.— Copper  in  Tin. 

Expt, 
No. 

Weight 

of  tin  if 

block. 

Weights  of 

copper 
added  in 
succession. 

Total 
weight  of 

copper 
in  block. 

Freezing 
point  of 
solution. 

At^ms  of 
copper  per 
lOU  of  tin. 

Atomic 
falL 

1 
2 
3 
4 
5 
S 

400 
420 
440 
460 
510 
560 
610 

0-3118 
1-234& 
3-646 

0-3118 
1-5468 
&-2923 

» 

231 -611* 

231-215 

229-692 

226-758 

226-758 

226-758 

227-07 

0-1388 

0-657 

2-151 

1-94 

1-767 

1-623 

2-85 

2-921 

2-25 

2-746 
2-798 

Tlie  oopper  was  elecilroljtio  sheet,  it  wa«  dissolved  like  tlie  almni- 
niuin,  nickel,  &c,,  in  a  yacnum.  The  saturated  or  entectic  alloy  oon^ 
taiofi  1*74  atouMS  of  copper  per  100  of  tin. 

TabIiI  V. — ThcdUwn  in  "Pin. 


Sipt. 

Weight 

of  tin  in 

block. 

Weiffhts  of 
thallium 
added  in 

Total 
weight  of 
thallium 
in  block. 

Freezing 
point  of 
solution. 

Atomffof 

thallium  per 

100  of  tin. 

Atomic 
fall. 

400- 

231  -543* 

1 

tt 

0-77 

0^-77 

231-2 

0  112 

3-09 

2 

r>* 

0»-7264 

1-497 

230  92 

0-217 

2  897 

3 

n- 

1-7537 

3-2& 

230-236 

o-47or 

2-778 

4 

»r 

2  057 

5-307 

229-384 

0-751 

2  877 

5 

v 

3-366 

8-673 

228-048 

1-256 

2-78 

6 

rr 

4-033 

12-756 

226-478 

X-847 

2-78 

7 

tf 

4-751 

17-51 

224-619 

2-514 

2-754 

8 

rr 

5-801 

23-31 

222-591 

.      8  -376 

2-652 

9 

»j 

4-731 

28-04 

220-826 

4-113 

2-668 

10 

>T 

7-712 

35  75 

218-243 

6-178 

2-569 

11 

n 

8-723 

44-47 

215 •555 

6-44 

2-483 

12 

r» 

10-63 

55  01 

212  -602 

7-97 

2  89 

13 

tt 

9-987 

64-99 

210-202 

9-41 

2-268 

14 

>» 

9-046 

74-04 

207-828 

10-72 

2-212 

15 

M 

9-631 

83-67 

206-415 

12  12 

2- 165 

16 

W 

13  168 

96-84 

14  03 

202-3 

2-064, 

'    The  alloy  when  poured  out  weighed  495*9  grams ;  hence  the  loss 
was  0*94  gram  or  0*2  per  cent. 
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Table  VI. — Sodium  in  Tin. 


Expt. 
No. 

Weight 

of  tin  in 

block. 

Weight 
of  sodium 

added  in 
succession. 

Total 

weight  of 

sodium 

prcfBent. 

Freezing 
point  of 
solution. 

Atoms  of 
sodium  per 
100  of  tin. 

Atomic 
&11. 

1 
2 
3« 
4t 

400 
fi 

» 

1027 
1-4286 
1-233 
1-475 

1-/027 
2-456 
3-689 

5-;i64 

231 -695° 
227-974 
S82  708 
220-016 

1-317 

815 

4-73 

2-82 

2-855 

2-469 

In  these  experiments  the  sodinm  was  added  directlj  to  the  tin, 
which  was  kept  at  the  high  temperature  of  260"  C,  and  vigorouslj 
stirred  while  the  sodium  was  added.  This  was  necessary^  as  other- 
wise a  hard,  infusible  body  was  formed. 

Table  VII. — Palladium  in  Tin, 


Expt. 

No. 

Weight 

of  tin  in 

block. 

Weight  of 
palladium 
added  in 
succession. 

Total 

weight  of 

palladium 

present. 

Freezing 
point  of 
solution. 

Atoms  of 
palladium 

per 
100  of  tin. 

Atomic 

1 
2 
3 
4 
5 
6 

400 
450 
470 
490 
590 
690 
740 

0  125 

0-5501 

0-5725 

.0-125 
0-6751 
;i-2476 
ff 

V 

231  -54° 

231-47 

231-072 

230-9 

230-9 

230  -995 

231 -02 

0-0308 

0-169 

0-282 

0-234 

0-2008 

0-1863 

2-28 

2-949 

2-27 

2  723 
2-79? 

In  Experiment  1  the  palladium  was  a  black  powder  which  dis- 
solved only  slowly  in  tin  at  a  red  heat.  In  the  ot^er  experiments 
palladium  foil  ^as  used;  when  heated  in  a  vacuum  with  fused  tin, 
it  became  incandescexit  at  the  moment  pf  solution. 

Platinum  was  also  trj^  in  tin ;  whilst  it  dissolves  freely  at  high 
temperatures  wjith  vivid  ijicaudesence,  it  appears  to  separate  out  com- 
pletely before  the  freezing  point  of  tin  is  reached. 

*  Stirrer  grated.  f  Stirrer  stuck  4°  C.  above  last  reading. 
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Expt. 
No. 

Weight 

of  tin  in 

bloek 

Weight  of 

magnesium 

added  in 

Total 
weight  of 
magnesium 

Freezing 
point  of 
solution. 

Atoms  of 

magnesium 

per 

Atomic 
fall. 

succession. 

present. 

100  of  tin. 

350 

231 -545' 

1 

380 

0-7500 

0-7600 

228-855 

0-978 

2-76 

2 

410 

1-216 

1-966 

224-83 

2-864 

2-84 

3 

440 

1008 

2-974 

222-45 

3-332 

2-728 

4 

460 

0-641 

3-515 

220  92 

8-766 

2-82 

5 

480 

2-1355 

5-650 

214  -97 

6-803 

2-856 

6 

500 

2-1395 

7-750 

209-8 

7-64 

2-846 

t? 


The  magnesium  allojn  were  made  by  fusing  magnesium  ina  vacaum 
with  small  quantities  of  tin. 

The  alloys  were  very  crystalline  and  attacked  glass  considerably. 

Potassium  in  Tin, 

Potasfliam  in  tin  was  tried,  but  the  exp^Hment  failed.  A  hard,  in- 
fo sible  <56m pound  was  formed. 

Potassinm-tin  alloys  were  afterwards  mlkde  in  a  vacnum,  but  when 
exposed  to  the  air  at  ordinary  temperatures,  they  ignited  and 
smouldered. 

Table  IX. — Lead  in  Tin, 
Series  I. 


r 


Expt. 

No. 

Weight 

of  tin  in 

block. 

Weights 

of  lead 

added  m 

suooession. 

Total 
weight  of 

lead 
present. 

Freezing 
point  of 
solution. 

Atoms  of 

lead  per 

100  of  tin. 

Atomic 
fall. 

1 
2 
3 
4 

800 

1* 

» 
»» 

0-8004 
0-4034 
0-6945 
0-8646 

0-3004 
0-7038 
1-3983 
2  2629 

231-595'' 
231-445 
281  -23 
230-878 
230-89 

0-0573 
0-1341 
0-2665 
0-4312 

2-62 
2-722 
2-69 
2-794 

Series  11^ 


1 

2 
3 

800 

2-828 

2-6503 

2-2055 

2-828 

5-4783 

7-6838 

231-64'' 
230  -185 
228  -835 
227-74 

a-5«B9 

1-044 
1-4643 

2-792 
2-687 
2-663 

Digitized  by  VjOOQIC 


882        HEYCOCK  AND  NEVnXE :  THE  MOLECULAR  WEIGHTS 

Table  IX — continued. 
Series  III. 


Expt. 

Ko. 


Weight 

of  tin  in 

Uoek. 


Weights 
of  lead 
added  in 


Total 
weight  of 

lead 
present. 


Freezing 
point  of 
solution. 


Atoms  of 

lead  per 

100  of  tin. 


Atomic 
faU. 


300 


10-269 
5-353 
10-485 
10-935 
12*3675 


10-269 
15-627 
26  112 
37-047 
40-415 


2J1  -62*^ 

226-56 

224-75 

219-58 

215-31 

210-893 


1-967 

2-978 

4-976 

7-06 

9-417 


2-56 

2-307 

2-42 

2-31 

2-202 


This  experiment  was  continued  to  saturation,  which  oocnrred  at 
35  atoms  of  lead  per  100  of  tin. 

Lead  foil  dissolves  freely  on  direct  addition  to  the  fused  tin. 

TABXiE  X. — JZino  in  Tin. 


Expt. 
No. 

Weight 

of  tin  in 

block. 

Wei^t 

of  unc 

added  in 

succession. 

Total 
weight  of 

nnc 
present. 

Freedng 
point  of 
solution. 

Atoms  of 

zinc  per 

100  of  tin. 

Atomic 
faU. 

400 

231-735** 

1 

*t 

0-826 

0-326 

231 -36 

0-148 

2-54 

2 

*t 

0-3608 

0-6863 

230-92      , 

0-311 

2-562 

3 

n 

0'4433 

1  -1296 

230-37 

0-5118 

2-667 

4 

9» 

0-9469 

2-0766 

229-242 

0-9409 

2-65 

5 

}} 

2 -8265 

4-948 

225-89 

2-222 

2-681 

6 

)1 

3-429 

8-332 

221-96 

3-775 

2-589 

7 

II 

5-915 

14-247 

215-665 

6-456 

2-489 

8 

» 

9-538 

23-78 

206-89 

10  -775 

9^ 

)) 

11-967 

35  -747 

198  '28 

16  197 

2-065 

10 

3-7096 

39-457 

198-28 

11 

450 

}> 

198  -28 

12 

600 

t> 

200-44 

14-803 

2  188 

Zinc  dissolves  like  sugar  in  water  on  direct  addition  to  the  tin. 

In  Experiments  9  and  10  the  stirrer  grated  considerably,  long 
before  the  temperature  fell  to  the  freezing  point;  but  as  at  the 
freezing  point  there  was  surfusion,  it  appears  clear  that  zinc  alone 
had  crystallised  out ;  otherwise  there  would  have  been  no  uarfusion 
at  the  freezing  point. 

*  On  ceasing  to  stir,  the  tompenture  rose  slightlj^  and  then  was  very  steady. 
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Expt. 

Weight 

of  tin  in 

block. 

Weights  of 
cadmium 

Tot*l 
weight  of 

Freezing 
point -of 
solution. 

Atoms  of 
cadmium 

Atomic 

No. 

added  in 

cadmium 

per  100  of 

faU. 

succession. 

present. 

tin. 

400 

281  -6ir 

1 

420 

0-242 

0-242 

231  -466 

0-0607 

2-504 

» 

44C 

0*3982 

0-6402 

231-235 

0-1533 

2-492 

8 

450 

2-0565 

2-6967 

230  094 

0-6314 

2-418 

4 

460 

6-209 

7-906 

227*296 

1-811 

2-386 

6 

470 

10  034 

17 -91)4 

222*466 

4-0139 

2*28 

6 

480 

10  047 

27*9867 

218-84 

6*143 

2  08 

7 

490 

10-1 

88-0867 

215-48 

8-193 

1-97 

8 

600 

10-265 

48*352 

212-375 

10  198 

1-899 

The  cadminm  alloys  were  obtaiaed  by  beating  weighed  quantities  of 
cadmiom  and  tin  in  vacuous  hard- glass  tabes.  The  tin  was  saturated 
with  cadmium,  when  about  47  atoms  of  cadmium  were  present  per 
luO  atoms  of  tin. 

Tasle  XII. — Merowry  in  Tin, 


Expt. 
No. 

Weight 

of  tin  in 

block. 

Weights  of 
mercury 
added  in 

Tot«l 
weight  of 
mercury 
present. 

Freezing 
point  of 
solution. 

Atoms  of 

mercury  per 

100  of  tin. 

Atomic 
faU. 

400 

231-68'* 

1 

0-6176 

0-6175 

231  40 

0*0911 

2*526 

2 

}} 

0-608 

1-226 

231-2 

0-1809 

2*877 

8 

0-8945 

2-120 

280-898 

0-3127 

2-366 

4 

jf 

1  -8725 

8-9924 

230-228 

0-5889 

2-377 

5 

3-3156 

7-308 

229  05 

1-078 

2-393 

6 

)f 

4  8905 

11-6985 

227*63 

1  -7256 

2-376 

7 

}> 

7  0925 

18-791 

226*05 

2-772 

2-374 

8 

9> 

7*5556 

26-3465 

228-07 

3-886 

2-206 

9 

)f 

15*2845 

41*681 

219-395 

6  141 

1-998 

10 

20-818 

62-44 

214-62 

9*21 

1-846 

11 

n 

6-9755 

69-42 

218  06 

10-24 

1*814 

The  addition  of  mercury  was  continued,  and  the  fall  in  freezing  point 
noted  until  183  atoms  of  mercury  were  present  per  100  atoms  of  tin  ; 
p.fter  this  the  surfusion  ceased  to  be  perceptible,  and  the  experiment, 
therefore,  was  discontinued. 
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Table  XIIT. — Bismuth  in  Tin. 


Expt. 
No. 

Weight 

of  tin  in 

block. 

Weight  of 
bismuth 
added. 

Total 
weight  of 
bismuth 
present. 

Freezine 
point  ojf 
solution. 

Atoms  of 

bismuth  per 

100  of  tin. 

Atomic 
faU. 

400 

231-73^ 

1 

» 

0-1166 

01166 

231-69 

0-0164 

2-44 

2 

>f 

0-1989 

0-3105 

231-62 

00436 

2-525 

3 

i* 

0-1987 

0-6092 

231-65 

0-0715 

2-518 

4 

J) 

0-3426 

0-8517 

231-42 

0-1196 

2  592 

5 

>} 

0-6692 

1-52U9 

231-2 

0-2137 

2-48 

6 

» 

1-7922 

3-313 

230-65 

0-4658 

2-32 

7 

9t 

1-7083 

5-021 

280-1 

8 

tt 

2-176 

7-197 

229-4 

1-011 

2-306 

9 

f> 

2-662 

9-849 

228-49 

1-388 

2-856 

10 

tt 

6-683 

16  -532 

226-82 

2  18 

2-252 

11 

tt 

2-224 

17-756 

226  19 

2-496 

2-22 

12 

t* 

2-546 

20  301 

225-475 

13 

n 

8-468 

23-769 

224-43 

8-84 

2-186 

14 

n 

4-866 

28-624 

223  03 

4-02 

217 

16 

it 

The  bismuth  dissolved  easily  on  direct  addition  to  the  tin. 
same  thermometer  was  used  as  in  the  gold  series. 


The 


Table  XIV. — Calcium  in  Tin. 


Expt. 
No. 

Weight 

of  tin  in 

block. 

Weight  of 
calcium 
added  in 

succession. 

Total 

weight  of 

calcium 

present. 

Freezing 
point  of 
solution. 

Atoms  of 
calcium  per 
100  of  tin. 

Atomic 
faU. 

1 
2 

200 
230 
260 

0-0888 
0  068 

0-0688 
0  1568 

231-6** 
231-2 
281-1 

0-114 
0-178 

2-63 
2*24 

The  calcium  was  from  Harrington's,  of  Cork,  in  ronnd  Inmps,  very 
hard,  and  had  to  be  cut  with  a  cold  chisel.  The  alloys  of  calcium  and 
tin  were  made  by  heating  in  a  hard-glass  tube  in  a  current  of  hydro- 
gen. At  the  moment  the  calcium  dissolves,  there  is  vivid  incan- 
descence and  a  slight  reduction  of  the  glass  at  the  point  of  contact. 
In  a  previous  experiment  the  calcium  was  thrown  directly  into  the 
block,  but  did  not  all  dissolve.  0*0991  gram  of  calcium  or  0*189  atom 
gave  an  atomic  fall  of  2*1  with  the  same  minimum  temperature  of 
2::{1*1°  as  in  the  above  experiments;  hence  we  conclude  that  the 
solution  was  saturated. 
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Expt. 
No. 

Weight 

of  tin  in 

block. 

Weights  of 
indium 
added  in 

Total 

weight  of 

indium 

in  block. 

Freezing 
point  of 
solution. 

Atoms  of 
indium  per 
100  of  tin. 

Atomic 
fall. 

1 
2 
3 
4 
5 

200 

>» 

II 

i» 

)» 
300 

0-2246 
0*202 
0-6715 
0-4235 

0-2246 
0-4266 
0-9981 
1-4216 
1-4216 

231*585 
231  -322 
231  18 
230-64 
280-22 
230-65 

0  1178 
0-2227 
0-5208 
0-7423 
0*495 

2*24 

1-82 

1-813 

1-839 

1-889 

Indiam  dissolyes. readily  on  direct  addition  to  molten  tin. 


Table  XVI. — Aluminium  in  Tin. 
Series  I. 


Expt. 
No. 


Weight 

of  tin  in 

block. 


400 

420 

440 

460 

480 

530* 

580 

630 


Weights  of 
aluminium 
added  in 
succession. 


0*4805 
1193 
0-9575 
0*5 


Total 

weight  of 

aluminum 

present. 


0-4805 
I  6735 
2-631 
3*131 


Freezing 
point  of 
solution. 


231  •642'' 
281  -017 
229-38 
228  -723 
228-726 
228-726 
228-71 
228-9 


Atoms  of 

aluminium 

per  100  of 

tin. 


0*5 

1-662 

2*5 

2-851 

2-581 

2  171 

2-01 


Atomic 
fall. 


1*25 

1-303 

1167 


1'363 


Series  II. 


350 

231*507 

435 

1-696 

1-696 

229*264 

1*704 

1*317 

445t 

1-3566 

3-0525 

228*639 

3-00 

0-956 

455 

0-349 

3-4015 

228*63 

3-27 

475t 

228-63 

575 

228*63 

625 

228*63 

675 

228-63 

695 

228-779 

2-14 

1-275 

715 

228-852 

2*08 

1*275 

•  Temperature  very  steady. 

f  Very  stationary. 

X  Baised  to  278°  C.  before  finding  freeiing  point. 
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Series  I. — Experiments  1  and  2  were  made  with  thin  ainminiam 
foil;  Experiments  3  and  4  were  made  with  a  new  sample  of  alu- 
minium from  Johnson  and  Matthey's ;  purest  by  the  sodium  method. 

Series  IL — Johnson  and  Matthey's  pure  sheet  aluminium  was  used. 
A  diCPerent  sample  from  Series  I. 

The  aluminium  wai*  got  into  solution  by  fusing  with  weighed 
quantities  of  tin  in  hard-glass  tubes  in  a  vacuum ;  under  these  con- 
ditions, it  dissolves  freely  at  a  low  red  heat.  The  rich  alloys  of 
aluminium  with  tin,  obtained  in  the  tubes,  were  brittle  and  friable. 
At  the  end  of  Series  I,  the  paraffin  above  the  alloy  in  the  block 
appeared  as  a  thick,  white,  gelatinous  substance. 

Other  experiments,  using  aluminium  from  quite  different  sources, 
have  confirmed  these  results. 

From  the  foregoing  experiments  we  conclude  that,  as  ia  the  case  of 
gold  and  other  metals  dissolved  in  sodium  (q.v.),  the  addition  of  a 
metal  to  tin  causes  a  depression  in  the  freezing  point  at  first  propor- 
tional to  the  weight  of  metal  added,  but  that  as  the  solution  grows 
stronger  and  the  volume  increases,  this  proportion  does  not  appear  to 
hold  (see  Section  II).  A  depression  is  maintained  with  each  succes- 
sive addition  np  to  the  very  point  when  no  further  effect  whatever  is 
produced  (see  curves  for  zinc,  Table  XVI II,  and  for  silver,  copper, 
aluminium,  nickel,  and  palladium.  Table  XVII). 

The  following  table  gives  the  minimmu  freezing  point  which  can  be 
obtained  by  dissolving  in  tin  each  of  the  metals  mentioned : — 

Table  XlX.—EutecUc  Alloys  of  Tiru* 


Metal  alloyed  with 
tin. 

Atoms  per  100  of 
tin. 

Percentages  of 

added  metal  per 

100  of  alloy. 

Freezing  point. 

2  11 

1-73 

0-26 

0-20 
16-73 

4  0 
46  (about) 
86  (about) 

0-48 
0-915 
0  18 
0  18 
7-98 
3-58 

228  -78** 

CoDDor 

226  -76 

Nickel 

23<»'82 

Pftllttdium.  •..••••.... 

280*90 

Zinc 

198-28 

Silver 

221 '1 

Cadmium , 

Lead 

182^  (about) 

The  behaviour  of  antimony  when  alloyed  with  tin  is  very  remark- 
able, for  of  the  seventeen  metals  we  have  examined  it  is  the  only  on^ 

*  An  euteotic  alloy  (as  used  by  Q-uthrie)  is  that  particular  mixture  of  two 
metals  which  solidifies  at  the  lowest  temperature,  namely,  it  is  the  temperature  at 
which  the  solvent  becomes  saturated  with  the  added  metal. 
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whick  bebavefi  abnornallj,  namely^  by  its  Edition  to  tin  it  produced 
a  rise  in  the  freezing  point  inaiiefMi  of  a  depression  (see  Table  XX;. 

Table  XX. — Antimony  in  Tin,     Antimony  causes  a  Rise, 


Expt. 

No. 

Weight 

of  tin  in 

block. 

Weight  of 
antimony 
added  in 
Boccession. 

Total 
weight  of 
antimony 
pseeent. 

Freezing 
point  of 
Bolution. 

Atoms  of 

antimony 

per  100  of 

tin. 

Atomic 

400 

281  •54'* 

1 

0-1487 

0-1487 

281  -675 

0-056 

2-4 

2 

0-1640 

0-a077 

281-76 

0  0756 

2*64 

3* 

2^01 

2-409 

233  06 

0-692 

2-55 

4 

2  1694 

4-678 

234-23 

1126 

2-39 

5 

2-944 

7  522 

235-8 

1-849 

2-3 

6 

3  1275 

10 -£49 

237-32 

2-618 

2-21 

In  Experiment  6,  the  « tinner  worked^  with  mnch  grittiness  towards 
the  end. 

There  was  very  little  snrfasion  with  antimony. 

Section  B. 

DisciMsion  of  the  Experimental  Results, 

Our  experiments  lead  to  the  following  conclusions  as  to  what  takes 
place  wben  an  alloy  is  near  its  solidifying  point.  For  example,  taking 
the  case  of  copper  dissolved  in  tin  as  typical,  we  will  consider  what 
happens  wben  it  contains  less  than  0*915  per  oent.  of  copper.  As  the 
solution  cools  below  the  freezing  point  of  tin,  pure  tin  orystallises  out, 
the  remaining  liquid  becoming  more  and  more  concentrated. t  As  the 
result,  this  liquid  will  have  a  lower  freezing  point  (for  freezing 
point  is  approximately  proportional  to  the  concentration).  As  the 
«till  liquid  portion  cools,  pure  tin  continues  to  crystallise  out  at  con- 
tinually lower  temperatures  until  the  concentration  of  0-915  per  oent. 
is  reached.  At  this  moment  copper  begins  to  separate  pan  passu  with 
the  tin,  and  the  concentration  of  the  liquid  does  not  alter,  but  the 
whole  solidifies  gradually  at  the  constant  temperature  of  226*76*'. 
When  we  start  with  an  alloy  of  a  concentration  of  0-915  per  cent,  of 
copper  in  tin,  it  solidities  to  a  mass  in  which  the  copper  is  uniformly 
distributed  throughout  the  tin;;^  a  substance  which  is  mechanically 

•  Very  constant  temperature. 

t  It  thus  behares  exactly  like  a  dilute  solution  of  common  salt  in  water  when 
cooled  below  sero. 

X  In  the  case  of  gold-disiolTed  in  flodium  we  find  on  treating  the  alk>y  with 
alcohol,  tiiat  the  gold  as  left  io  the  fonn  of  a  spongy  mass  of  needle-shaped 
crystals. 
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homogeneous.  It  is  difficult  to  see  how  a  solation  either  stronger  or 
weaker  than  this  can  solidify  slowly  and  remain  homogeneous.  The 
behaviour  of  an  alloy  on  cooling  was  well  shown  in  the  case  of  zinc  ; 
when  supersatured  (above  7'98  per  cent,  zinc),  and  at  a  temperatare 
above  the  freezing  point  of  tin  the  whole  alloy  was  liquid,  but  as  it 
cooled  a  considerable  quantity  of  solid  matter  separated  out,  and  the 
stirrer  scraped  against  the  sides  of  the  crucible  as  the  solution 
solidified;  at  a  temperature  of  198*28°  -vTell-marked  snrfasion  took 
place.  This  solid  matter  which  separated  out  cannot,  therefore,  have 
been  tin,  or  otherwise  it  would  have  acted  as  a  nucletls  and  prevented 
all  surf  asion  taking  place.  It  must,  therefore,  be  either  zinc  or  a  com- 
pound of  zinc  and  tin ;  we  have  experiments  in  view  by  which  we  hope 
to  clear  up  this  point.  The  above  experiments  with  zinc,  as  also  many 
other  metals,  show  that  the  solubility  of  metals  in  tin  increases  with 
the  temperature  as  for  most  other  cascET-  of  solution.  The  behaviour  of 
a  solvent  in  crystallising  out  before  the  substance  dissolved  (in  dilute 
solutions)  is  taken  advantage  of  in  concentrating  brine  in  cold  climates 
and  in  the  separation  of  lead  from  silver'  (Pattinson's  method).  The 
experiments  of  Roberts  Austen  on  the  regulus  of  Venus  and  other 
alloys  also  illustrate  the  same  point.  It  also  accounts  for  the  capability 
of  being  motilded  possessed  by  the  solder  used  in  ''  wiping  "  plumbers' 
joints. 

The  difficulty  of  obtaiMng  a  plate  of  pure  gold  foi^  a  "  trial  plate  " 
in  the  Mint  is  possibly  dne  to  the  allied  metals  partially  separating 
from  the  solvent  as  it  cools. 


Comparison  of  our  Results  wifh  the  Empirical  Laws  of  Coppet  and 

Baonlt. 

These  laws  are : — 

(1.)  That  for  moderate  concentrations  the  fall  in  the  freezing  point 
is  proportional  to  the  weight  of  the  dissolved  sabstance  present  in  a 
constant  weight  of  solvent. 

(2.)  That  when  the  falls  produced  in  the  same  solvent  by  different 
dissolved  substances  are  compared,  it  is  found  that  a  molecular  weight 
of  a  dissolved  substance  produces  the  same  fall  whatever  the  substance 
is. 

(3.)  That  if  we  take  a  constant  number  of  molecular  weights  of 
the  solvent,  then  the  fall  is  independent  of  the  nature  of  the  sol- 
vent. 

The  first  of  these  laws  is  well  borne  out  by  our  results,  as  a  study 
of  any  one  of  the  tables  or  diagrams  will  show. 

The  second  law  cannot  be  tested  without  some  assumption,  for  we 
had  no  means  of  deciding  how  many  atoms  of  a  metal  form  its  mole> 
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cnle  when  in  solution  in  tin.  Bat  from  the  fact  that  atomic  weights 
of  different  metals  produce  the  same  fall,  we  might  conclude  that  if 
Raoalt's  second  law  he  true,  then  the  molecules  of  these  metals  are 
all  of  the  same  type,  saj  Xh,  where  n  is  the  constant  numher  of  atoms 
in  the  molecule.  By  making  the  bold  assumption  that  the  molecule 
of  zinc  or  of  mercury  is  monatomic  in  solution  in  tin,  as  it  is  when 
in  the  gaseous  state,  one  might  infer  that  n  was  unity  for  the  other 
metals. 

Baoult's  third  law  we  found  to  be  probably  incorrect ;  for  one  atomic 
weight  of  gold  when  in  solution  in  100  atomic  weights  of  a  solvent 
causes  a  fall  of  about  At"  when  the  solvent  is  sodium,  and  about  3** 
when  the  solvent  is  tin,  and  about  I '8°  when  the  solvent  is  potassium. 
Van't  Hoff  has  already  shown  that  this  law  is  false  in  fact  and  in 
theory  {Fhih  Mag.,  1888,  26,  81). 

Thanks  to  Professor  Ramsay's  translation  of  Van't  Hoff's  paper 
quoted  above,  we  became  aware,  soon  after  we  had  commenced  our 
experiments,  of  the  theoretical  explanation  of  the  lowering  of  the 
freezing  point.  Van't  HofE,  from  the  theory  of  OFmotic  pressure 
and    the    second    law     of    thermodynamics,    obtains    the    formula 

hO  =  0'02  -  for  the  lowering  hO  of  the  freezing  point  when  1  mol. 

weight  in  grams  of  a  substance  is  dissolved  in  100  grams  of  a  sol- 
vent. In  this  formula,  0  is  the  freezing  temperature  of  the  solvent 
reckoned  from  the  absolute  zero  of  the  air  thermometer,  and  X  is  the 
latent  heat  of  fusion  of  the  solvent. 

The  application  of  this  formula  shows  that  1  mol.  of  any  metal 
dissolved  in  100  atomic  weights  of  tin  ought  to  cause  a  depres- 
sion of  3^  Centigrade  in  the  freezing  point.  As  this  is  so  near  the 
fall  produced  by  an  atomic  weight  of  most  of  the  metals  we  have 
examined,  it  seems  at  least  very  probable  that  the  molecules  of  the 
metals  are  monatomic  when  in  solution  in  tin  (see  Table  of  Atomic 
Falls,  p.  392). 

Professor  J.  J.  Thomson  (*'  Application  of  Dynamics  to  Chemistry 
and  Physics,"  p.  263)  has  obtained  by  entirely  different  reasoning, 
based  on  Lagrange's  equation  of  motion,  but  with  the  same  as- 
sumptions    as    to    osmotic    pressure,   the    really   identical    formula 

^0  ^  — ,  whore  />  is  density  of  the  solvent,  hO,  0,  X  have  the  same 

M 
values  as  before,  and  w  is  the  osmotic  pressure,  that  is  the  pressure, 
that  the  molecules  of  the  dissolved  substance  are  exerting  inside  the 
solution.  Van't  Hoff  assumes  and  has  done  much  to  prove  that  this 
pressure  obeys  Boyle's,  Gay  Lussac's,  and  Avogadro's  laws,  and  so 
can  be  easily  calculated. 

It  is  not  necessary  to  give  here  a  rigid  proof  of  the  above  formula. 
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but  it  may  be  worth  while  to  indicate  the  kind  of  reasoning  by  which 

it  can  be  arrived  at. 

For  conciseness,  let  the  solvent  be  tin  and  the  dissolved  metal  gold. 

When  the  tin  begins  to  freeze  out  at  the  tem|)eratnre  0  —  hO^  pure  tin 

freezes  out,  and  therefore  the  volnme  in  which  the  gold  is  diffused 

becomes  smaller  and  work  han  to  be-  done  to  overcome  the  osmotic 

pressure  &;<.     If  a  unit  volume  of  tin  freezes  out,  the  work  done  in 

compressing  the  gold  is  w.     Now  we  can  find'  a  source  whence  to  get 

this  work,  in  the  liquid  regarded  as  a  perfect  heat  engine,  for  when 

the  unit  volume  of  tin  originally  melted  at  the  temperature  ^,  it 

absorbed  at  this  temporatnrer  an  amount  of  (latent)  heat  pK,    When 

the  tin  froze  at  ^  —  5^,  most  of  this  (latent)  heat  became  sensible  again, 

EO 
but  a  fraction  —  of  the  whole  could,  by  Camofs  principle,  be*  turned 

inta  work.     That  is  an  amount  of  work,  -  \/i,  caoi  be  got.. 

u 

Equarfce  this  to*  the*  work  to  be  done,  «, 

and  we  get  _-\^  =  w, 

u 

or  oO  =  — -, 

where  £^  is  the  fall  in  temperature  that  must  take  place  before  the 
necessary  work  can  be  obtained. 

In  the  case  of  a  solution  of  1  mol.  weight  of  any  metal  in«100  atomic 
weights  of  tin  wo  have  the  following  constants  : — 

The- freezing  point  of  tin  =  231-5°  C. 

=  504-5**  absolute; 
X  =    14*25  thermal  units  (Person*) 

=    14-25  X  41-6'  X  10»  dynes.. 
P  =      T^^. 
Sn  =  118. 

Then  the  volume-  of  a  solution  containing  100  atomic* weights  of  tin 

11*8 
is  litres,  and  the  temperature  of  freezing  may  be  taken  as  500°, 

P 

so  that  the  osmotic  pressure  caused  by  the  presence  of  one  molecular 

weight  of  a  foreign  metal  is  given  by 

n  X  22-.^  X  500  X  p       «  .^  „ 
'"^  11-8x273       '  =  ^'^"^» 


whei*e  n  18  the  atmospheric  pressure  which  equals  1013  X  10*  dynes, 

Substituting  these  values  in  the  formula  10  =  _    we  find  tha< 

^X 

e^  =  S""  Centigrade. 

Digitized  by  VjOOQIC 


OF  METALS  Wt£EN  IN  SOLUTION,  39t 

This  nnmber  is  so  nearly  eqnal  to  the  fall  produced  by  1  atomic 
weight  of  most  of  the  metals  examined  as  to  make  it  very  probable 
that  their  molecnles,  when  in  dilute  solution  ia  tin,  are  monatomic. 

Professor  Ramsay  (Trans.,  1889,  55,  521),  by  his  experiments  on 
the  vapour  pressure  of  solutions  of  metals  in  mercury,  and  G. 
Tammann,*  by  experiments  similar  to  ours  but  using  mercury  as  the 
solvent,  have  arrived  at  the  same  result. 

The  atomic  falls  obtained  for  aluminium  are  so  nearly  half  the 
average  atomic  falls  that  it  seems  probable  that  the  molecule  of 
aluminium  when  in  solution  In  tin  consists  of  2  atoms. 

To  show  this,  we  have  in  the  diagram  plotted  the  falls  of  aluminium 
on  double  the  scale  of  the  other  metals. 

We  think  that  this  method  might  be  applied  as  a  control  for  atomic 
weights,  similar  to  that  afforded  by  Dulong  and  Petit^s  law  of  specific 
heats. 

The  freezing  points  are  so  defi^mte  that  they  might,  with  advantage, 
be  used  for  giving  fixed  points  on  thermometers. 

Van*t  HofTs  formula  cannot  be  applied  to  more  concentrated 
solntions,  but  perhaps  J.  J.  Thomson's  might  be  so  applied. 

To  do  so,  we  must  bear  in  mind  that-ctf  varies  as  ^  —  ^^  and  not  as  0, 
and  also  that  the  volume  of  the  solution  is  getting  larger  than  the 
volume  oi  the  original  solvent.  To  find  the  total  volume,  we  must 
find  by  experiment  the  density  of  the  liquid  alloy.  We  hope  to  deter- 
mine these  densities  and  so  traee  the  changes  in  the  atomic  falls  and 
in  the  osmotic  pressure  in  concentrated  solutions. 

In  order  to  obtain  from  the  observatioms  the  most  probable  value  of 
the  atomic  fall  in  dilute  solutions^  it  seems  best  to  add  together  all 
the  total  falls  below  the  freezing  point  of  tia,  to  add  together  all  the 
fractions  of  an  atom  of  the  dissolved  metal  osed,  and  to  divide  tho 
first  sum  by  the  second. 

Thus  in  the  case  of  thallium  in  tins,  the  experiments  in  which  the 
Qoncentration  was  less  than  1  atom  of  thallium  in  100  atoms  of  tin 
were: — 


Atom«^  f .  p. 

Valla  below  f .  p.  of  tin, 

01115 

0-345°  C. 

0-2168 

0-628 

0-4707 

1-308 

0-7510 

2-159 

Totals.    1-55 

4-44 

Then  f^  =  286**  C.  is  the  mean. 
1"55 

•  "Zur  Konstitation  der  Legierungen,'*  ZeiUcJiri/t'fUr  pkysikaliteke  ChemxB^ 
III  Band,  5  Heft. 
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We  add  the  falls  because  each  is  liable  to  the  same  absolute  error  ia 
the  temperature. 

The  following  table  has  been  calculated  as  above  from  the  experi- 
mental results  under  1  atom  : — 

Atomic  Falls  for  a  Concentration  of  under  one  Atom, 


I. 


II.  < 


Nickel 2-94 

Silver 2-93 

Gold 2-93 

Copper 2-91 

Thallium 286 

Sodiam    2-84 

Palladium 278 

Magnesium 2'76 

Lead 276 

LZinc 2-64 

r  Cadmium 2*43 

Mercury 239 

Bismuth 240 

LCalcium 2*40 


IIT. 


r  Indium 186 

\  Aluminium 1'25 


3  experiments. 
2 

6 

4 

2  expts.  concn.  1 — 3  atoms. 

4  experiments. 

8 
4 

3  experiments. 
4 

6 


5  experiments. 
1 


With  the  exception  of  calcium,  where  the  error  may  be  large,  there 
can  hardly  be  an  experimental  error  of  5  per  cent,  in  these,  and  we 
should  think  that  in  most  cases  it  is  much  less. 

In  a  few  cases,  by  taking  a  stronger  solution  than  1  atom  per  100, 
it  would  be  possible  to  bring  the  numbers  more  together,  for  ex 
ample,  the  atomic  fall  for  magnesium  increases  to  286°,  if  not  more. 
Similarly,  alaminium  increases  to  1*4''.  Antimony  causes  a  rise  of 
about  2'5°  per  atom,  but  this  may  be  due  to  other  causes  and  have  no 
connection  with  fche  other  numbers  ;  at  all  events,  we  do  not  see  how, 
on  theoretical  grounds,  this  rise  can  bo  explained. 

It  seems  clear  that  the  nature  of  the  metal  in  solution  has  some 
effect  on  the  fall,  although  the  atomic  falls  for  Group  I  are  so  near 
the  theoretical  molecular  fall  of  3°  as  to  make  it  seem  very  likely  that 
their  molecales  are  monatoraic  in  solutions  in  tin. 

It  is  curious  that  cadmium,  mercury,  and  to  some  extent  zinc,  whose 
molecules  in  the  gaseous  state  are  believed  to  be  monatomic,  should 
give  falls  abnormally  low,  as  if  there  were  sqra^  condensation  in  these 
cases. 

The  case  ot  indium  suggests  partial  condensation,  and  that  of 
ulumininm  strongly  suggests  diatomic  molecules. 
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PLATE   1. 
METALS    SPARINGLY    SOLUBLE    IN    TIN. 


THE     DIAGRAM     8HOW8    THE    TEMPERATURE     AT     WHICH     SOLUTIONS     OF     DIFFERENT 
CONCENTRATIONS  BEGIN  TO  FREEZE.     NUMBERS  ON  THE  LEFT  ARE  CENTIGRADE  TEMPS 
THE  DOTTED  LINE  FOR  ALUMINIUM  CORRESPONDS  TO  A  MOLECULAR  WEIGHT  OF  54. 
POINTS   MARKED    WITH    A   CROSS   WERE    OBTAINED   BY   ADDING   TIN   TO    THE    SATURATED 
ALLOYS. 
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PLATE  2. 
ZINC   IN   TIN. 


HEYOOCK    *    NEVILLE. 


NUMBEBS  ON  THE  LEFT  HAND  SIDE  OF  THE  CURVE  ARE  CENTIGRADE  TEMPERATURES. 
NUMBERS  ON  THE  RIGHT  ARE  THE  NUMBER  OF  ATOMS  Zn.  PRESENT  PER  100  ATOMS  OF  Sn. 

-««.To.»5o..  .,T^.i'-*.fm:  ...I.W.C.         Digitized  by^OOQlC 


oSOL 


'r 


-^^ 


Digitized  by  VjOOQ  IC  j 


5SOU 


at 


-H-t- 


■■n-r^ 


5  [-tt 


HORI^ 
A  A  PC 
5  CAUt 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


INDENE-DERIYATIVES  FROM  DIBROM-a-NAPHTHOL.  393 

The  cases  of  gold,  magnesium,  and  aluminium,  in  whicli  the  atomic  fall 
seems  really  to  rise  or  remain  constant  with  increasingly  concentrated 
solutions,  probably  point  to  tbe  appropriation  of  some  of  the  tin  by  the 
dissolved  metal,  as  in  the  formation  of  hydrated  salts,  but  until  we 
have  determined  the  densities  of  the  liquid  alloys,  it  is  not  possible  to 
calculate  the  theoretical  value  of  the  osmotic  pressure  with  sufficient 
accuracy  to  discuss  this. 

(To  he  continued,) 

Sidney  College  Lahoratory^ 
Ca/mbridge» 


XXYIIL — The  Formation  of  Indene-derivatives  from  .j» 

THhrom-a-naphthol, 

By  Raphael  Meldola,  F.R.S.,  and  Frank  Hughes.  ^ 

The  present  research  originated  in  the  course  of  a  study  of  the 
tri-derivatives  of  naphthalene  undertaken  with  the  object  of  ascer- 
taining whether  in  homonucleal  tri-derivatives  of  the  series  ai,  /3,,  ««, 
the  hydrogen-atom  of  the  nnsubstituted  /Ss-position  coald  be  replaced 
by  the  NOa-group.  Failing  this,  the  possibility  occurred  that  a 
heteronucleal  nitrodibromonaphthol  might  be  formed  or,  in  view  of 
the  readiness  with  which  dibrom-a-naphthol  passes  into  quinone- 
derivatives  (Meldola,  Trans.,  1884,  156),  that  a  bromoquinone  might 
be  produced.  Our  experiments  with  respect  to  the  introduction  of 
the  NOs-group  into  the  jSs-position  have  hitherto  been  unsuccessful 
(compare  Prager,  Ber.^  1885,  2158;  Meerson,  however,  by  nitrating 
triacetyldiamidonaphthol,  has  succeeded  in  introducing  the  N02-group 
into  the  position  stated,  Ber,^  1888,  1197),  but  a  special  study  of 
the  action  of  fuming  nitric  acid  upon  dibrom-o-naphthol  has  resulted 
in  the  discovery  that  in  this  compound  the  10-carbon-atom  naphtha- 
lene-ring is  easily  broken  down  into  the  9-carbon-atom  indene- 
ring. 

Indonaphthene  or  in  dene  (CgHs)  is  a  hydrocarbon  which  has  not 
jet  been  isolated,  although  many  of  its  derivatives  are  known.*  It 
was  named  by  Baeyer  and  Perkin  (Ber,,  1884,  122;  also  W.  H. 
Perkin,  jun..  Trans.,  1888,  1),  in  order  to  indicate  its  relationship 
to  naphthalene  on  the  one  hand  and  to  indole  on  the  other.  It  is 
related  to  naphthalene  in  the  same  way  that  indole  is  isolated  to 
quinoline.     Carboxylic  derivatives  of  hydrindene  were  described  by 

*  Methylindene,  CioHio,  has  been  iflolated  by  Boser  (dnnalen,  847, 159). 
YOL.  LTU.  2  S 
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Baeyer  and  Perkin  in  the  paper  referred  to,  and  later  by  Scherks 
(Ber.j  1885,  378).  Indene-derivatives  were  also  prepared  syntheti- 
cally by  Boser  (Ber.,  1887,  1273  and  1574),  and  investigated  more 
thoroughly  by  this  author  (Annalen^  247, 29),  and  by  Boser  and  Hasel- 
hoff  {ibid,,  138).  Important  contributions  to  our  knowledge  of  these 
compounds  have  also  been  made  recently  by  W,  Wislicenus,  and  by 
this  author  and  Kotzle  (AnncUen,  246,  347,  and  252,  72).  Hydrin- 
done  was  prepared  last  year  by  the  hydrolysis  of  ethylic  orthocyano- 
benzylacetate  by  Gabriel  and  Hausmann  {Ber.^  1889,  2017),  and  the 
compound  in  question  studied  in  detail  by  the  last*nained  author 
(ibid.,  2019). 

The  indene-derivatives  referred  to  in  the  foregoing  papers  have 
been  prepared  by  synthetical  methods  from  compounds  contain- 
ing a  smaller  number  of  carbon-atoms  than  indene  itself,  or  by 
condensation  with  ring  formation  from  compounds  containing 
the  same  number  of  carbon-atoms  as  indene.  Our  knowledge 
concerning  the  formation  of  indene-derivatives  by  the  breaking 
down  of  the  naphthalene-ring  is  at  present  derived  almost 
entirely  from  the  researches  carried  on  in  the  laboratory  of  the 
University  of  Marburg  by  Professor  Zincke  and  his  assistants  and 
students.  Thus,  in  1884,  Kronfeld  obtained  a  compound  by  the 
bromination  of  amidonaphthaquinoneiinide,  which  was  doubtless  a 
derivative  of  indene  (Ber.,  1884,  715).  Dichloroketoindene  was  subse- 
quently obtained  by  Zincke  by  the  action  of  alkali  upon  dichloro-/^- 
naphthaquinone  and  the  oxidation  of  the  acid-product  (Ber,,  1886, 
2500,  and  1887,  1265;  Zincke  and  Frolich,  Ber.,  1887,  2053). 
Numerous  other  papers  on  these  compounds  from  the  Marburg  labo- 
ratory will  be  found  throughout  the  Berichte  for  the  last  three 
years. 

The  indene-derivatives  thus  far  obtained  by  the  breaking  down  of 
the  naphthalene-ring  or  by  other  methods  are  dihaloid  derivatives  of 
ketoindene  (indone)  and  diketohydrindene  of  the  types : — 

C,H,<g5>CH  and  C^<^^>CX^, 

or  haloid  hydroxyketo-derivatives  of  the  types : — 

C.H4<^^>>CX  or  C.H,<gg>CHX. 

As  the  method  discovered  by  us  gives  rise  to  a  simpler  haloid 
derivative  of  indone  than  has  hitherto  been  obtained,  viz.,  mono- 
bromindone,  we  thought  it  desirable  to  follow  up  the  investigation 
in  order  to  contribute  to  the  knowledge  of  this  little-known  group 
of  compounds.     The  mode  of  formation  of  our  compound,  moreover, 
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enables  us  to  start  with  an  iudene-derivative  of  which  the  constitution 
can  be  inferred  with  considerable  certainty,  and  we  have  therefore 
been  enabled  to  follow  its  transformations  with  the  most  satisfactory 
results,  so  far  as  concerns  the  constitution  of  other  indene-deriv^atives. 
Throughout  this  paper  we  propose  to  adopt  the  nomenclature  of 
W.  Wislicenus  and  Boser  {Anndlen,  247,  132),  which  is  expressed  by 
the  formula : — 

^CH2. a 

^CH^ 7 

PreparcUion  of  Bibrom-a-naphthol, 

The  preparation  of  dibrom-a-naphthol  by  bromination  in  acetic 
acid  (Biedermann,  Per.,  1873,  1119)  is  apt  to  lead  to  bad  results  in 
the  way  of  yield  unless  certain  precautions  are  observed.  We  have, 
therefore,  thought  that  it  might  be  of  use  to  other  workers  if  we  gave 
the  details  of  the  process  found  to  give  the  most  successful  results. 
50  grams  of  a-naphthol  are  dissolved  in  250  c.c.  of  glacial  acetic 
acid,  and  the  theoretical  quantity  of  bromine  dissolved  in  50  c.c.  of 
glacial  acid  is  gradually  poured  into  the  oE-naphthol  solution,  kept 
cool  by  standing  the  vessel  in  water.  The  solution  must  be  well 
shaken  after  each  addition  of  bromine..  When  the  whole  of  the  latter 
has  been  poured  in,  the  contents  of  the  flask  becomes  semi -solid  from 
the  separation  of  a  mass  of  white  crystals  of  an  additive-compound. 
But  little  hydrogen  bromide  is  evolved  at  this  stage.  On  warming 
the  contents  of  the  flask,  the  additive- compound  dissolves  and  de- 
composes with  copious  evolution  of  hydrogen  bromide.  The  solution 
must  be  kept  warm  (not  actually  boiling)  for  some  hours,  till  the  evolu- 
tion of  hydrogen  bromide  has  practically  ceased,  the  decomposition  of 
the  additive-compound  being  finally  completed  by  the  addition  of  a  few 
grams  of  zinc-dust,  and  allowing  the  solution  to  cool  with  occasional 
agitation.  When  cold,  the  solution  is  filtered  into  a  large  volume  of 
cold  wat«r,  and  the  dibrom-»-naphthol  allowed  to  separate  out ;  it  is 
then  collected,  washed  with  water,  and  dried,  being  sufficiently  pure 
for  the  present  purpose  without  further  crystallisation.  If  these 
precautions  are  neglected,  the  additive-compoutid,  which  may  be  a 
keto-bromide  (Zincke,  -Ber.,  1888,  1036),  reacts  with  the  dibrom-«- 
naphthol  ali-eady  formed  as  soon  as  the  product  is  precipitated  with 
water,  and  a  coloured  compound  is  formed,  whilst  the  yield  of  dibrom- 
a-naphthol  is  seriously  diminished.  By  this  method  of  working, 
100  grams  of  a-naphthol  give  about  196  grams  of  the  dibrominated 
derivative,  instead  of  209*7,  that  is,  about  93  per  cent,  of  the  calcu- 
lated yield.     After  being  once  crystallised  from  alcohol,  the  com- 

2  £  2 
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ponnd  melts   at  105 — 106**  (Fittig  and   Erdmann,   Annalen^    227, 
242). 

Action  of  Nitric  Acid  on  Bihrom-a-naphtliol. 

The  action  of  nitric  acid  on  dibrom-«-naplithol  varies  according 
to  the  strength  of  the  acid  and  the  conditions  of  the  experiment.  By 
repeatedly  evaporating  dibrom-«-naphthol  with  dilnte  nitric  acid,  it 
is  well  known  that  phthalio  acid  is  obtained.  If  the  dibromo-deriva- 
tive  is  added  to  ordinary  strong  nitric  acid  i[sp.  gr.  1*42)  in  the  cold, 
the  substance  gradually  liqnefies  to  an  oil,  which,  on  standing,  and 
especially  on  being  stirred  or  agitated,  solidifies  to  a  crystalline  mass. 
The  latter  appears  to  be  an  additive-compoand,  as  on  exposnre  to  the 
air  it  gives  off  bromine.  By  treatment  with  alkali  it  is  resolved  into 
a  mixture  consisting  apparently  of  dinitronaphthol  and  nitrobromo- 
naphthol,  but  the  products  have  not  yet  been  completely  investigated. 
Fuming  nitric  acid  at  once  converts  dibrom-«-naphthol  into  an 
indene-derivative. 

PreparaHon-of  ^-Brom-a-indone. 

In  order  to  prepare  this  compound,  the  dry  dibromo-derivative  is 
thrown,  in  small  portions  at  a  time,  into  well-cooled  fuming  nitric 
acid  (sp.  gr.  1*5) ;  20  grams  of  dibrom-»-naphthol  require  about 
140  C.C.  of  acid  to  furnish  the  best  results.  It  is  ndt  absolutely  essen- 
tial to  use  ice  to  cool  the  water  in  which  the  vessel  is  placed,  although 
this  precaution  is  to  be  recommended  in  warm  weather.  As  soon  as 
all  the  dibrom-«-naphthol  has  l)een  added,  the  solution  is  allowed  to 
stand  for  half-an-hour,  and  is  then  poured  into  a  large  bulk  of  cold 
water.  On  standing  for  12  hours,  tlie  bromindone  settles  down  as  an 
ochreous,  sandy  precipitate,  which  is  collected  and  washed  with  water 
till  free  from  acid.  From  20  grams  of  dibrom-A-naphthol,  there  oi*e 
obtained  about  14  grams  of  tlie  crude  indone,  instead  of  18'8  as 
required  by  theory,  ^so  that  the  yield  is  practically  quantitative. 

The  crude  bromindone  is  purified  "hj  crystallisation  from  alcohol, 
and  then  once  or  twice  from  g'lacial  acetic  acid.  When  pure,  the 
compound  forms  smalljOchreous  scales  melting  at  127 — 128^  Heated 
a  little  above  its  melting  point,  it  decomposes  suddenly,  so  that  for 
analysis  it  was  found  necessary  to  mix  the  substance  with  a  largt 
quantity  of  cupric  oxide  in  order  to  insure  uniformity  of  combustion. 
The  following  results  were  obtained : — 

I.  01702  gram  gave  03242  gram  CO,  and  00468  gram  H,0. 
II.  0L148  „         0-2183    „  „       00348  „ 

III.  01268  „         01 146    „      AgBr. 
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Fouud. 

Calculated  for  f * ^ 

C,U,BrO.  I.  IL  UL 

C 61-68  51-94      61-84         — 

H 2-39  305        3-37        — 

Br 38-28  —  —        3845 

The  hydrogen  is  somewhat  high*  for  ihe-calculated  formula^ bnt  tbis 
is  doubtless  due  to  the  necessary,  nae  of  ouprio  oxide,  with  whicb  the 
substance  has  t»  be  mixed  for  the  reason  stated.  Before  this  pre- 
caution was  taken  a  lower  result  was  obtained,  viz.,  2*79  pev  oent.  H. 
Monobromhydrindone,  CsHiBrO,  requires  3*31  per  cent,  of  hydrogen, 
but  from-  iis  mode  of  formation  it  is  extremely  improbable  that  our 
substance  should  have  this  formula.  With  respect  to  the  oonstitu- 
tion  of  the  bromindone,  two  formulaB  are  conceivable : — 

CeH,<-^^>CH  and  CeH4<g^>CBii 
I.  H. 

Taking  into  consideration  the  constitation  of  the  dibrom-«.naphthol 
from  which  the  indoue-derivative  is  obtained,  the  first  of  these 
formulsB  must  be  regarded  as  the  more  probable.  The  constitution  of 
the  naphthol-denivative  has  been  shown  to  be 

C(OH):CB» 

(Meldola,  Trans.,  1884,  161).  Since  the  whole  of  the  substituted 
ring  is  broken  down  and  reconstructed  with  the  elimination  of  one 
CBr-group  and  one  hydrogen-atom,  the  constitution  of  the  brom- 
indone will  be  determined  by  the  position  of  the  residual  CBr-group. 
From  general  considerations  as  to  the  manner  in  which  aromatic 
compounds  break  down  on  oxidation,  there  can  be  but  little  doubt 
that  the  external  CBr-group  would  be  removed  in  preference  to  the 
CBr-group  attached  to  the  unsubstituted  beuzene-  (phenylene)  ring 
to  which  the  two  external  carbon-atoms  are  attached  in  the  ortho- 
position.  For  these  reasons  we  consider  formula  1  as-  the  more  prob- 
able. We  have  as  yet  no  direct  evidence  respecting  the  nature  of 
the  product  resulting  from  the  removal  of  ih&  CBi'-group,  but  it  is 
probably  a  me  thane- derivative,  such  as  CBr(NOa)s  or  CHBr(N0j)2. 
No  gas  is  evolved  when  dibrom-ot-naphthol  dissolves  in  cold  fuming 
nitric  acid,  and  the  acid  solution,  when  diluted  with  water  to  pre- 
cipitate the  bromindone,  always  has  an  odour  suggestive  of  bromo- 
picrin.  Other  oxidising  agents,  such  as  chromic  acid  in  glacial  acetic 
acid,  also  furnish  bromindone  when  allowed  to  act  on  dibrom-;c- 
naphthol,  but  the  yield  is  not  so  good  as  when  nitric  acid  is  used. 
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Dnring  tlie  purification  of  the  crude  bromindone  by  crystallisation 
from  alcohol,  there  is  invariably  left  a  small  quantity  of  a  yellowish 
insoluble  compound,  which  on  crystallisation  from  boiling  glacial 
acetic  acid,  forms  long,  slender,  yellowish  needles  having  no  definite 
melting  point,  but  darkening  and  decomposing  at  about  260**.  The 
compound  is  very  insdluble  in  all  solvents,  requiring  a  large  volume 
of  boiling  glacial  acetic  acid  in  order  to  bring  it  into  solution  for 
crystallisation.  The  yield  of  this  substance  is  too  small  to  enable 
us  to  do  more  than  submit  it  to  a  preliminary  examination.  It 
appears  to  contain  no  bromine,  and  analysis  points  to  the  formula 
of  a  naphthaquinone.  On  reduction  with  zinc- dust  in  glacial 
acetic  acid,  and  precipitation  with  water,  it  furnishes  a  snbfitance 
crystallising  in  minute,  white  needles  having  no  definite  melting 
point,  but  blackening  about  220"*.  It  is  possible  "that  this  insoluble 
residue  resulting  from  the  action  of  nitric  acid  on  dibrom-«- 
naphthoi  may  be  the  unknown  7-naphthaquinone  (periquinone)  of 
which  a  nitro- derivative  has  been  obtained  by  Quincke  {Ber,,  1888, 
1454).  It  is  hoped  that  sufficient  of  the  substance  will  be  obtained 
in  the  course  of  further  work  to  enable  this  point  to  be  decided. 

Bromindone  is  freely  soluble  in  hot  alcohol  and  glacial  acetic  acid  ; 
also  in  cold  benzene,  chloroform,  and  acetone.  It  is  somewhat  leFs 
soluble  in  cold  ether  and  carbon  bisulphide.  It  separates  rather 
slowly  from  its  hot  solutions  on  cooling.  Petroleum  dissolves  it  but 
slightly  in  the  cold,  but  more  readily  on  heating,  the  solution  on  cool- 
ing depositing  the  substance  in  the  form  of  ochreous,  stumpy  prisms 
with  pointed  extremities,  collected  into  stellate  groups.  When 
heated  cautiously  in  a  dry  test-tube,  the  substance  distils  and  partly 
sablimes,  leaving  a  slight  carbonaceous  residue,  and  condensing  in 
the  cold  part  of  the  tube  in  an  unaltered  condition. 

Actum  of  Aniline  on  Bromindone, 

In  accordance  with  the  ketonic  character  of  the  compound,  it  forms 
coloured  compounds  with  amines,  some  of  which  are  well  defined 
crystalline  substances. 

On  dissolving  bromindone  in  the  smallest  possible  quantity  of  boil- 
ing alcohol  and  adding  aniline  in  molecular  proportion,  the  solution 
becomes  of  a  deep  brownish-orange ;  after  boiling  for  a  few  minutes, 
the  solution  is  allowed  to  cool,  when  deep  orange- red,  scaly  crystals 
separate.  After  being  allowed  to  stand  for  some  hours,  the  crystal- 
lino  deposit  is  collected  and  washed  with  cold  alcohol.  A  specimen 
was  purified  for  analysis  by  crystallisation  from  boiling  alcohol, 
glacial  acetic  acid,  and  benzene  successively.  The  pure  compound 
forms  deep- red  scales  melting  at  190°.     The  analyses  showed  that  the 
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compoand  wa8  formed  bj  the  combination  of  aniline  with  the  indone 
without  the  removal  of  oxygen  or  bromine  : — 

I.  01440  gram  gave  0-3140  gram  COj  and  0*0424  gram  H,0. 


II. 

0-1650 

0-3624 

0-0498 

III. 

0-2032 

7-8  CO. 

moist  N  at  13*  and  7488  mm.  bar. 

IV. 

0-1024 

4         . 

„       13°    „    772-9        „ 

V. 

0-1732 

01092 

gram  AgBr. 

VI. 

01740 

0-1095 

>» 

Caloulated. 

Found. 

CiiHijNOBr 

.    C 

liHioNOBr. 

i.         II.      III.     IV.        V.       VI. 

c. 

...      59-60 

60-00 

59-47    59-90     —       —        —        — 

H. 

...       8-97 

3-33 

8-27      3-35     —       —        —        — 

K. 

...       4-63 

4-66 

—         —       4-48    4-69       --        -- 

Br 

...     26-40 

26-66 

—         —        —       —      26-83    26-78 

The  anilide  dissolves  but  very  sparingly  in  boiling  alcohol,  the 
solution  being  red  and  depositing  the  substance,  on  cooling,  in  the 
form  of  red  scales  which,  under  the  microscope,  are  seen  to  consist 
of  broad,  flattened  needles.  The  solution  in  hot  glacial  acetic  acid  is 
orange.  It  dissolves  readily  in  benzene  and  chloroform,  and  in  strong 
sulphuric  acid  with  a  magenta-red  colour.  This  anilide  is  of  a  different 
type  from  the  compound  melting  at  170°  obtained  by  Roser  and 
Haselhoff  by  the  action  of  aniline  on  dibromindone  {Annalen,  247, 
148),  and  to  which,  they  assign  the  formula — 

The  anilide  obtained  by  us  possesses  a  distinctly  acid  character, 
dissolving  in  hot  aqueous  alkali  with  a  violet  colour,  which  soon  dis- 
appears owing  to  the  decomposition  of  the  substance.  It  dissolves 
also  with  great  readincRS  in  cold  alcoholic  soda  with  an  intense  violet 
colour.  The  compound  is  decomposed  by  alkalis  with  the  formation 
of  an  acid  substance  which  is  described  later  on  in  this  paper.  One 
product  of  decomposition  under  these  circumstances  appears  to  be 
phenyl  isocyanide,  the  powerful  odour  of  which  is  evolved  whenever 
the  substance  is  brought  into  contact  with  alkaline  solutions.  Taking 
into  consideration  the  circumstances  (1)  that  this  anidide  is  formed 
by  the  direct  combination  of  aniline  and  bromindone  without  the 
elimination  of  bromine  or  oxygen,  (2)  that  the  compound  is  acid  and 
may  therefore  contain  hydroxyl,  and  (3)  that  the  grouping  zClN- 
is  present,  as  shown  by  the  formation  of  an  isocyanide  under  the  in- 
fluence of  alkalis,  we  conclude  that  the  most  probable  formula  of 
the  new  compound  is — 
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When  treated  with  zinc-dnst  in  acetic  acid  solution,  the  anilide  is 
converted  into  a  whitish  hydride  which,  on  exposure  to  the  air,  becomes 
red  and  is  oxidised  back  into  the  original  compound.  The  hydride 
probably  contains  the  group  =;CH-NH*C6H5.  We  have  not  yet  suc- 
ceeded in  acetylating  or  alkylating  the  anilide. 

In  order  to  obtain  further  evidence  respecting  the  constitution  of 
the  anilide,  the  acid  product  of  its  decomposifcion  by  alkalis  has  been 
prepared  and  examined.  The  same  aeid  product  is  obtained  on  de- 
composing the  anilide  either  by  alkali  or  by  dilute  sulphuric  acid ; 
prolonged  boiling  is,  however,  necessary  in  the  latter  case,  and  we 
have  at  present  restricted  ourselves  to  the  alkaline  decomposition. 
On  boiling  the  anilide  with  dilute  caustic  soda,  a  violet  solution  is 
first  obtained,  the  colour  of  which  soon  changes  to  a  reddish-orange. 
In  about  15  to  30  minutes  the  whole  of  the  anilide  is  decomposed, 
leaving  only  a  slight  tarry  impurity..  A  strong  odour  of  isocyanide  is 
evolved  during  the  whole  course  of  the  decomposition.  It  is  advisable 
not  to  prolong  the  boiling  after  the  whole  of  the  anilide  has  undei^one 
decomposition,  as  the  acid  itself  is  liable  to  be  decomposed  on  pro- 
longed boiling  with  alkali.  As  soon  as  the  red  crystals  of  the  anilide 
have  disappeared,  the  hot  solution  is  filtered,  and  the  filtrate  made 
acid  with  hydrochloric  acid.  An  orange,  crystalline  precipitate 
is  gradually  thrown  down,  but  the  solution  still  contains  a  large 
quantity  of  the  acid  products,  and  it  must  be  allowed  to  stand  for  at 
least  12  hours  before  the  crystalline  deposit  is  filtered  off.  The  crude 
acid,  when  collected,  is  washed  vnth  cold  water,  dissolved  in  cold  dilute 
ammonia,  filtered,  and  reprecipitated  by  acid,  this  treatment  being 
repeated  till  the  ammoniacal  solution  leaves  no  residue  on  fi lti*ation. 
The  acid  is  slightly  soluble  in  boiling  water,  and  advantage  was 
taken  of  this  property  to  purify  specimens  for  analysis.  It  was 
found  most  advantageous  to  dissolve  the  acid  in  a  large  volume  of 
water  by  the  aid  of  a  few  drops  of  ammonia,  and  to  heat  the  solution 
to  boiling.  On  acidifying  with  hydrochloric  acid  and  filtering  hot, 
the  acid  slowly  separates  out  on  cooling  in  the  form  of  dull,  orange, 
stumpy  needles  melting  at  191 — 192**. 

The  mode  of  formation  and  the  properties  of  this  acid  lead  to  the 
conclusion  that  it  may  be  a  bromhydroxyindone.  A  compound  of 
this  nature  has  already  been  obtained  by  Zincke  by  dissolving  the 

dibromodiketone,  C«H4<QQ>CBr„  in  alkali  (Ber.,  1888,  2395),  and 

by  Boser  and  Haselhoff,  by  the  action  of  caustic  soda  on  dibromindone 
{Annaleny  247,  149).  Our  substance  agrees  with  that  described  by 
the  authors  referred  to  in  dissolving  in  alkalis  with  a  red  colour,  but 
it  differs  in  melting  point  (191°  instead  of  119°),  and  in  other  re- 
spects.    Thus,  the  acid  obtained  by  the  German  investigators  shows 
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a  tendency  to  pass  into  products  of  higher  melting  points  (poly- 
merides  ?)  on  crystallisation.  Tlie  acid  obtained  by  us  shows  no  snch 
tendency,  and  the  different  preparations  always  had  the  same  melting 
point  whatever  solvent  was  nsed  for  crystallising  the  snbstance. 

Although  we  have  but  lifctle  doubt  that  this  acid  is  a  bromhydroxy- 
indone,  we  have  had  the  greatest  difficulty  in  getting  a  specimen 
sufficiently  pure  to  give  good  results  on  analysis.  It  is  probable  that 
other  products  of  decomposition  result  from  the  action  of  alkali  on 
the  anilide,  and,  in  fact,  if  phenyl  isocyanide  is  produced,  as  appears 
to  be  the  case,  this  indicates  the  partial  breaking  down  of  the 
9-carbon-atom'riug  into  an  8-carbon-atom  compound,  possibly  a 
derivative  of  orthophenylene-acetylene  or  of  benzoic  acid.  The 
formula  of  the  anilide  indicates  that  such  compounds  might  be 
formed : — 

Our  study  of  the  action  of  alkali  upon  the  anilide  will  be  continued 
with  the  special  object  of  ascertaining  what  other  products  result 
from  the  decomposition.  That  tbe  acid  above  described  has  the 
composition  of  a  bromhydrozyindone  is  shown  by  the  following 
analyses : — 

I.  0-1241  gram  gave  02184  gram  CO,  and  00307 gram  H,0. 
11.  01410  „         01 186     „      AgBr. 


III.  01977         „         01665 


Calculated  for 


Found. 


C9H4BPO,.  I.               II.  in. 

C 48-00  47-99  —  — 

H 2-22  2-84  —  — 

Br 36-65  —  36-79  3536 

According  to  these  results  and  from  its  mode  of  formation,  the  acid 
may  be  regarded  as  having  tbe  constitution — 

cs.4Zl>o:o. 

The  isomeric  compound  of  Zincke  and  Boser  and  Haselhoff  has  the 
formula — 


C.H<^g)>CBr. 


The  acid   is  readily  soluble  in   alcohol,  ether,  and  acetone,  less 
soluble  in  benzene,  and  almost  insoluble  in  petroleum.     Heated  in  a 
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dry  test-tube,  it  partially  sublimes  in  small,  yellow  needles.  The 
silver  salt  is  an  amorphous,  red  powder,  which  is  precipitated  on 
adding  silver  nitrate  to  a  solution  of  the  ammoninm  salt  free  from 
excess  of  ammonia.  More  characteristic  is  the  barium  salt,  which  is 
formed  by  boiling  the  acid  with  water  and  barium  carbonate  ;  carbon 
dioxide  is  evolved  and  a  red  solution  obtained,  which,  after  filtration 
and  cooling,  deposits  a  mass  of  slender,  orange  needles.  According 
to  our  analyses,  this  salt  contains  a  large  quantity  of  water  of  crystal- 
lisation, which  is  only  partially  expelled  at  140 — 150°. 

I.  0'4237  gram  (dried  in  a  vacuum  over  calcium  chloride  and 
heated  in  the  water-oven  till  constant)  lost  0'0247  gram 
=  6'83  per  cent. 

The  loss  calculated  for  (C»H4BrOa)2Ba,7HaO  —  2H,0  =  606  per 
cent.  According  to  this,  the  salt  contains  7  mols.  of  water,  of  which 
2  are  expelled  on  heating.  At  a  higher  temperature  (140 — 160°)  the 
loss  is  not  much  greater :  0*5679  gram  lost  0*0335  gram  =  5*90  per 
cent. 

II.  0*3990  gram  (dried  in  a  water-oven  and  decomposed  by  boiling 
with  dilute  HNO3  and  adding  H^SO*)  gave  0*1360  gram 
BaSO*. 

III.  0*5344  gram  (dried  at  140 — 150®  and  decomposed  as  before) 

gave  0*1822  gram  BaS04. 

Found. 

Calculated  for  / * ^ 

(C,H4BrO,)jBa,5H20.  II.  III. 

Ba 20-28  20*05        20*04 

IV.  0*2940  gram  (dried  in  a  vacuum  over  CaCU)  gave  15*53  gram 

AgBr. 

Calculated  for 
(C»H4BrOj)»Ba,7H20.  Found. 

Br 22*60  22*48 

On  adding  aniline  to  the  solid  acid,  it  dissolves  with  evolution 
of  heat,  and  red,  crystalline  scales  separate.  After  purification  by 
washing  with  alcohol  and  crystallising  from  the  same  solvent,  the 
substance  was  obtained  in  the  form  of  bright-red  crystals  which 
appeared  under  the  microscope  to  consist  of  elongated  hexagonal 
tablets.  The  compound  proved  to  be  the  aniline  salt  of  the  acid,  and 
not  an  anilide  as,  from  its  appearance,  we  at  first  regarded  it.  It 
fuses  at  169°,  and  froths  up  and  decomposes  at  172°. 

By  the  action  of  phenylhydrazine  on  the  acid,  two  compounds 
appear  to  be  formed,  a  hydrazone  and  a  hydrazonehydrazide.  On 
adding  phenylhydrazine  to  the  alcoholic  solution  of  the  acid,  a  deep 
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orange-yellow  colour  is  produced.  If  the  solution  is  boiled  for  a  few 
minutes,  and  then  set  aside  to  cool  for  some  hours,  a  substance  crjs- 
tallising  in  small,  reddish-brown  needles  is  deposited,  whilst  the 
solution  contains  another  compound,  which  is  thrown  out  on  diluting 
with  water  and  adding  dilute  hydrochloric  acid.  Our  examination  of 
these  products  is  not  yet  complete,  and  experiments  will  be  resumed 
in  this  direction,  as  we  anticipate  tliat  further  light  will  be  thrown 
upon  the  constitution  of  the  acid  by  a  study  of  the  action  of  phenyl- 
hydrazine  upon  it.  The  constitution  assigned  to  the  acid  indicates 
the  existence  of  the  two  compounds  : — 

HO  HO 

C.H4<9>C:]Sr,H-C6H5   and    CeH4<9>C:N,H-C.H5. 
Br  •    NH-NH-CeH, 

The  action  of  other  amines  on  monobromindone  has  been  studied 
in  a  preliminary  way,  but  the  compounds  thus  far  obtained  are  by  no 
means  so  satisfactory  to  deal  with  as  the  above-described  anilide. 
Phenylhydrazine  reacts  almost  explosively  with  the  dry  compound  ; 
in  alcoholic  solution,  a*  deep  magenta-red  colour  is  developed,  and  a 
deposit  consisting  of  small,  bronzy  scales  slowly  separates  after  many 
hours'  standing.  This  hydrazone  melts  at  about  180 — 182°,  but  we 
have  not  yet  prepared  &nfficient  of  the  substance  for  analysis,  as  the 
yield  is  very  small. 

The  benzylamide  is  produced  on  adding  benzylamine  to  the  cold 
alcoholic  solution  of  the  bromindone.  A  deep  yellowish-orange  colour 
is  at  once  developed,  and  on  standing,  orange  needles  separate. 
After  crystallisation  from  alcohol,  the  substance  forms  orange-brown, 
fiat  needles  of  a  silky  lustre ;  Hhese  melt  at  154°. 

I.  0-1569  gram  gave  6-9  c.c.  moist  N  at  14"  C.  and  770*6^  mm.  bar. 
11.  01256  „         0-0745  gram  AgBr. 

Calculated  for 

C9HiBpO:NC7H7.  Found. 

N 4-46  4-65 

Br 25-47  25  20 

The  benzylamide  is  much  more  stable  than  the  anilide,  as  it  resists 
boiling  with  dilute  acids  and  alkalis.  It  is  insoluble  in  aqueous  alkali, 
but  itH  acid  character  is  shown  by  the  readiness  with  which  it  dissolves 
in  cold  alcoholic  soda,  the  solution  being  yellow  and  the  compound 
being  precipitated  in  an  unaltered  condition  by  acids. 

The  )3-naphthylamide  was  obtained  in  the  form  of  minute,  reddish- 
brown  (microscopic)  needles,  by  boiling  the  alcoholic  solution  of  the 
bromindone  with  ^-naphthylamine  for  a  few  minutes  and  then  allow- 


Digitized  by  VjOOQIC 


404  JUDD:  THE  OOOURRENOE  OF  CHEMICAL  CHANGE 

ing  the  mixtare  to  remain  for  several  hours.  It  melts  at  about  151^, 
but  the  melting  point  is  difficult  to  observe,  as  the  compound  shrinks 
and  darkens  before  this  temperature  is  reached  : — 

0*1330  gram  gave  4  c.c.  moist  N  at  11°  C.  and  770*7  mm.  bar. 

Calculated  for 
CjHjBrOlNCjoH,.  Found. 

N 400  3-62 

The  naphthylamide  dissolves  in  cold  alcoholic  soda  with  produc- 
tion of  a  violet  coloration,  and  in  strong  sulphuric  acid  with  a  similar 
coloration,  the  latter  solation  becoming  red  and  the  substance  being 
precipitated  unaltered  on  dilution  with  water. 

Finshury  Technical  College, 


XXIX. — TJw  evidence  afforded  hy  Fetrofjraphical  Bksearch  of  the 
occurrence  of  Ghemical  Change  under  great  Pressure, 

By  J.  W.  JuDD,  F.R.S,,  F.G.S.,  Ptofessor  of  Geology  in  the  Normal 
School  of  Science  and  Boyal  School  of  Mines. 

There  is  only  one  way  in  which  the  inevitable  and  ever-increasing 
tendency  towards  extreme  specialisation  in  scientific  research  can  be 
prevented  from  bringing  about  a  condition  of  affairs  injurious  to 
scientific  progress.  The  cultivators  of  diflferent  branches  of  science 
must  maintain  a  constant,  a  friendly,  and  a  helpful  intercourse ;  each 
must  be  ready  from  time  to  time  to  examine  the  methods  pursued  by 
his  fellow  workers  in  other  fields  of  study,  and  to  compare  notes  with 
them  as  to  the  results  obtained.  The  greater  the  divergency  between 
the  methods  followed  in  two  departments  of  science,  the  stronger  be- 
comes the  necessity  for  such  intercourse  between  the  cultivators  of 
them,  and — I  think  it  may  be  added — the  more  hopeful  the  results 
which  are  to  be  anticipated  as  being  likely  to  follow  from  matual 
suggestion  and  healthy  discussion. 

Chemistry  may  justly  boast  that  her  foundations  are  laid  in  direct 
experiment.  Geology — though  by  no  means  neglecting  experimental 
initiative  and  verification,  where  such  are  possible — is  compelled  for 
the  most  part  to  rely  upon  very  different  methods  of  investigation. 
But  while  the  geologist  may  lament  that  he  is  not  more  often  able  to 
avail  himself  of  experimental  processes  of  inquiry,  he  may  fairly  ask 
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the  chemist  to  give  due  weight  to  results  that  have  been  obtained  by 
perfectly  legitimate,  if  very  different,  methods  from  his  own. 

In  order  to  study  the  processes  of  development  going  on  in  an  oak 
tree,  we  might  plant  an  acorn  and  watch  the  changes  that  take 
place  through  a  long  series  of  years.  But  I  am  by  no  means  sure 
that  equally  satisfactory  results  would  not  be  arrived  at  by  a  visit  to 
an  oak-thicket,  where  innumerable  examples  of  the  plant  in  every 
stage  of  growth  could  be  examined  -and  compared.  Onr  command  of 
high  temperatures,  of  intense  pressures ,  and,  above  all,  of  time,  to 
permit  the  factors  of  change  to  produce  their  slowly  cumulative 
results,  may  altogether  prevent  our  imitating  many  of  the  processes 
going  on  in  the  earth's  crust.  But  a  study  of  the  rocks,  and  of  the 
crystals  of  the  minerals  of  which  these  rocks  are  built  up,  in  every 
stage  of  development,  and  at  the  same  time  of  the  conditions  under 
which  these  crystals  have  made  their  appearance  and  continued  their 
growth,  may  lead  us  to  absolutely  conclusive  results  concerning  the 
causes  which  have  operated  in  their  formation. 

The  application  of  the  microscope  to  the  study  of  minerals  and 
rocks  in  thin,  transparent  sections  has,  during  the  last  30  years, 
greatly  contributed  to  the  advance  of  this  kind  of  inquiry.  It  is 
to  our  countryman,  Mr.  Sorby,  that  we  are  indebted  for  calling 
attention  to  the  value  and  importance  of  this  method — one  which  is 
now  being  developed  and  extended  by  the  labours  of  investigators  in 
every  part  of  the  globe. 

I  propose  to  give  a  summary  of  the  results  that  have  been  obtained 
by  this  method  bearing  upon  the  question  of  how  far  chemical  change 
is  induced  or  modified  by  pressure. 

That  at  very  moderate  depths  in  the  earth's  crust  the  materials  of 
which  it  is  composed  are  subjected  to  great  pressure  is  obvious,  and 
that  at  considerable  depths  this  pressure  must  become  enormous,  and 
far  surpass  what  we  can  imitate  by  experiment,  admits  of  no  doubt. 

The  effects  of  pressure  in  the  waters  of  the  ocean  have  been 
recently  investigated  by  Professor  P.  G.  Tait,  and  his  conclusions  are 
of  a  very  startling  character.  In  spite  of  the  extremely  slight  com- 
pressibility of  water,  he  has  shown  that  the  parts  of  the  ocean 
which  are  6  miles  in  depth,  have  their  surface  lowered  620  feet  by  the 
pressure  of  the  superincumbent  mass.  By  this  action  the  average 
level  of  the  ocean  is  depressed  116  feet,  and  about  2,000,000  square 
miles  of  land,  which  would  be  submerged  beneath  the  ocean  if  sea- 
water  were  absolutely  incompressible,  are  now  uncovered  ("  Chal- 
lenger "  Reports,  Physics  and  Chemistry,  2,  1889). 

But  the  rucks  composing  the  earth's  crust  have  a  density  2^  times 
as  great  as  that  ofsea- water,  and  this  density  increases  as  we  go  down- 
wards.    So  greatly,  indeed,  must  the  pressure  in  the  earth's  interior 
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exceed  all  those  which  we  can  possibly  ever  hope  to  produce  artificially, 
that  it  seems  almost  idle  to  qnote  the  numerical  results  arrived  at  bj 
mathematicians.  Ton  Waltershanseu  calculated  the  pressure  at  the 
earth's  centre  as  2,600,000  atmospheres  (Ueher  die  Vulkamschen 
Gesteine  in  Sicilien  und  Island,  1853),  while  the  Rev.  0.  Fisher, 
employing  Laplace's  law  of  density,  has  estimated  it  at  no  less  thau 
3,000,000  atmospheres  (Physics  of  the  Earth's  Crust,  2nd  ed.,  1890). 

But  by  far  the  grandest  effects  of  pressure  within  the  earth's 
crust  are  found  to  be  displayed  as  the  results  of  those  tremendous 
movements  that  have  given  birth  to  the  materials  composing  moun- 
tain chains.  Jt  can  be  shown  that  under  great  deforming  stresses, 
slowly  applied,  solid  rock-masses  have  behaved  in  the  same  way  sis 
viscous  bodies,  and  have  actually  been  made  to  flow  like  the  ice 
of  a  glacier  or  the  solid  iron  in  Tresca's  presses  ;  brittle  minerals  like 
quartz  and  calcite,  yielding  to  the  internal  strains  set  up  in  the  rocks, 
have  sometimes  been  crashed  as  in  a  mill ;  but  have  more  frequently 
— in  obedience  to  the  irresistible  forces  applied  to  them — undergone 
other  changes,  resulting  eventually  in  complete  recrystallisation  and 
the  formation  of  new  chemical  compounds. 

It  may  naturally  be  asked,  at  the  outset,  if  the  microscope  has 
revealed  to  us  any  evidence  of  the  action  of  such  great  and  abnormal 
pressures  having  acted  upon  the  minerals  composing  rock-masses  ; 
and  to  this  question  an  affirmative  answer  may  be  given  without  the 
smallest  hesitation. 

It  is  impossible  to  examine  the  crystals  composing  the  rocks 
which  have  once  been  dfeeply  seated  in  the  earth's  crust  without 
being  struck  by  one  peculiarity :  such  crystals  are  seen  by  the  aid 
of  the  microscope  to  be  crowded  with  minute  cavities,  which  are 
sometimes  present  to  the  number  of  many  millions  to  the  cubic  inch. 
Careful  study  of  these  has  shown  that  among  the  substances  with 
which  these  cavities  are  wholly  or  partly  filled  are  various  super-* 
saturated  aqueous  solutions,  and  carbon  dioxide  in  a  liquefied  con- 
dition. The  identity  of  the  last-named  substance  has  been  demon- 
strated beyond  the  possibility  of  doubt  by  the  independent  researches 
of  Sorby  and  Butler,  and  of  Vogelsang  and  Geissler.  By  the  deter- 
mination of  its  critical  point,  by  the  measurement  of  its  coefficient  of 
expansion,  by  the  examination  of  its  spectrum,  and  even  by  isolation 
and  ordinary  methods  of  analysis,  the  fact  that  the  liquid  imprisoned 
in  these  cavities  is  none  other  than  carbon  dioxide  is  placed  beyond 
controversy.  I  need  not  stop  to  remind  yon  of  the  wonderful  and 
seemingly  spontaneous  movements  of  the  bubbles  in  these  cavities — 
movements  of  which  the  causes  have  been  investigated  by  Professors 
Hartley  and  Stokes. 

Let  us  endeavour  for  one  moment  to  picture  to  our  minds  the 
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conditions  nnder  wliich  carbon  dioxide  came  to  be  imprisoned  in 
these  crystals.  A  long  series  of  observations  has  established  the 
fact  that  temperature  increases  with  depth  in  the  earth's  crust ;  the 
average  amount  of  this  increase  can  be  scarcely  less  that  1°  C.  for 
every  80  metres  of  depth ;  and  the  remarkably  interesting  boring  of 
Schladebach  in  Prussian  Saxony  which  was  completed  last  year,  and 
was  carried  to  a  depth  of  covaiderahly  more  than  a  mile^  is  of  particular 
interest  as  proving  that  the  temperature  gradient  continues  remark- 
ably constant  at  the  greatest  depths  yet  attained.  We  can  scarcely 
doubt,  therefore,  that  when  the  carbon  dioxide  was  imprisoned  in 
these  crystals  it  must  have  been  far  above  its  critical  point  (31**  C), 
but  nevertheless  in  such  a  condition  of  condensation  by  pressure,  that 
on  the  rocks  being  exposed  at  the  surface  and  submitted  to  ordinai'y 
atmospheric  temperatures  it  becomes  a  liquid,  which  nearly  fills  the 
cavity  in  which  it  is  enclosed. 

Other  and  not  less  striking  evidences  of  the  pressures  to  which 
rock-masses  and  the  minerals  composing  them  have  been  subjected 
meet  us  at  every  turn  in  our  study  of  rocks  by  the  aid  of  the  micro- 
scope. Minerals  are  found  to  be  strangely  deformed,  and  all  their 
optical  properties  have  in  consequence  undergone  the  most  extreme 
modification.  Owing  to  peculiarities  in  respect  to  cohesion  in 
different  directions  which  characterise  crystalline  substances,  they 
have  yielded,  in  the  most  remarkable  manner,  to  the  various  stresses 
to  which  they  have  been  subjected,  and  in  consequence  exhibit  com- 
plicated series  of  fractures  and  twinning.  Sometimes  the  whole 
mass  has  been  ground  to  powder  as  though  subjected  to  the  action  of 
a  gigantic  mill. 

Two  attempts  have  been  made  to  calculate  the  actual  pressures  to 
which  rock- masses  been  have  subjected ;  both  of  these  methods  being 
based  on  the  study  of  the  liquid  enclosures  in  the  minerals  composing 
the  rocks. 

Sorby,  and  after  him  Clifton  Ward,  have  pointed  out  that  if  the 
relative  volumes  of  the  liquid  and  gas  bubble  in  a  cavity  can  be 
measured,  we  have  the  means  of  determining  the  temperature 
and  pressure  at  which  the  crystal  containing  the  cavity  was 
formed.  It  may  be  assumed  that  originally  the  liquid  or  gas 
entirely  filled  the  cavity,  and  if  we  can  calculate  the  tempera- 
ture and  pressure  at  which  this  would  take  place,  we  arrive  at 
the  conditions  under  which  the  crystal  must  have  been  formed. 
But,  unfortunately,  we  know  far  too  little  of  the  coefficient 
of  expansion  of  aqueous  solutions  at  very  high  temperatures  and 
under  extreme  pressures — especially  near  their  critical  points — to  hope 
for  any  satisfactory  result  from  this  method. 

Professors  Benard  and  De  la  Yall^  Poussin  have  sought  to  attain 
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the  same  object  by  determining  the  temperature  and  pressure  at 
which  the  crystals  of  sodic  chloride,  and  other  salts  found  in  the 
aqueous  solutions  contained  in  cavities  of  crystals,  would  pass  into 
solution ;  and  thus  they  hoped  to  arrive  at  the  conditions  under  which 
the  super-saturated  solution  existed  when  first  sealed  up  in  the  cavity. 
But  here,  too,  it  must  be  admitted  that  our  knowledge  of  the  increase 
of  solubility  of  salts  at  high  temperatures  is  insufficient  to  serve  as  a 
basis  for  such  calculations. 

It  is  not  necessary  in  this  place  to  review  at  length  the  direct 
experimental  investigations  which  have  been  carried  on  with  the  object 
of  determining  how  far  chemioal  action  can  be  induced  or  modified 
by  pressure. 

The  method  of  sealing  up  substances  in  glass  tubes  with  water, 
and  exposing  them  to  high  temperatures,  has  been  most  successfully 
employed  by  Daubrde  and  other  French  chemists  and  mineralogists. 
Glasses,  both  natural  and  artificial,  which  are  amorphous  mixtures  of 
various  silicates,  were  found  to  break  up  under  these  conditions,  and 
their  various  constituents  crystallised  out  as  quartz,  sanidine,  wollas- 
tonite,  diopside,  and  other  well-known  mineral  species.  In  this  way, 
a  very  considerable  proportion  of  the  minerals  composing  the  earth's 
crust  liave  been  artificially  prepared ;  the  crystals,  thongh  of  micro- 
scopic dimensions,  presenting  all  the  distinguishing  characteristics  of 
the  natural  ones. 

Bat  it  may  be,  and  indeed  has  been,  objected  to  this  method,  that 
it  is  quite  impossible  to  discriminate  between  the  effects  due  to  high 
temperatures  and  those  which  result  from  pressure.  Bunsen  has 
argued  that  at  ordinary  temperatures  the  most  enormous  pressures 
are  capable  of  producing  little  effect  (Annalen  der  Chemie  und 
Pharmacie,  65,  1848,  pp.  70 — 85).  But  it  was  subsequently  shown 
by  Sorby  that  the  negative  results  arrived  at  by  Bunsen  could  be 
explained  by  the  circumstance  that  a  sufficient  amount  of  time  was 
not  allowed  for  the  reactions  to  take  place  (Proc.  Boy,  8oc,,  12, 
Bakerian  Lecture  for  1863,  p.  541),  and  it  is  now,  I  think,  generally 
admitted  that  where  solution  is  attended  with  contraction,  the  action 
of  pressure  always  promotes  solvent  action. 

It  is  a  fortunate  circumstance  that,  in  the  method  adopted  by 
Professor  W.  Spring  of  Li6ge,  we  have  a  series  of  experimental 
researches  in  which  the  effects  of  pressure  have  been  studied  apart 
from  those  of  high  temperature.  In  these  experiments,  pressures  esti- 
mated to  exceed  7,000  atmospheres  were  employed,  and  the  precaution 
was  taken  of  applying  the  force  so  slowly  that  any  heat  generated  by 
compression  would  be  dissipated  gradually,  and  would,  therefore,  not 
interfere  with  the  result.  The  conclusions  at  whicli  Spring  arrives 
are  as  follows : — 
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1.  Powders  of  metals  and  other  solids  maj,  by  mtense  pressare 
(especially  if  all  interstitial  air-films  are  removed  by  action  in  vacuoy, 
be  converted  into  masses  nndistingnishable  from  those  produced  by 
fusion.  In  powders  and  amorphoas  (colloid)  substances  alike, 
structures  as  completely  crystalline  are  developed  by  pressure  as  those 
resulting  from  fusion  and  slow  cooling. 

2.  Where  a  substance  is  capable  of  assuming  different  allotropic 
forms,  the  less  dense  may  be  converted  into  the  heavier  form  by 
pressure.  [Yan't  Hoff  and  Beicher  {Etudes  de  dyna/mique  chimique, 
Amsterdam,  1884,  p.  198),  have  since  shown  that  by  pressure  the  tempe- 
rature at  which  these  paramorphic  changes  take  place  can  be  modified.] 

3.  Powders  of  metals,  oxides,  and  salts  may  by  pressure  be  made  to 
react  chemically  upon  one  another,  and  to  produce  alloys  or  other 
compounds. 

Professor  Spring  is  careful  to  point  out  that  these  results  take 
place  in  consequence  of  the  particles  of  the  solid  bodies  being  brought 
into  actual  contact — their  molecules  vdthin  chemical  striking  distance 
as  it  were.  He  has  lately  pointed  out  several  new  results  which  are 
of  especial  interest  to  geologists. 

4.  When  the  grains  of  solid  bodies  are  made  to  rub  or  slide  over 
one  another,  the  conditions  are  particularly  favourable  for  chemical 
action  being  set  up  between  them.  Professor  Thorpe,  in  1881,  called 
particular  attention  to  this  kind  of  action.  He  showed  that  when 
the  dry  powders  of  two  anhydrous  salts  were  rubbed  together  in  a 
mortar,  double  decomposition  takes  place  between  them. 

5.  When  the  particles  of  powders  have  once  been  brought  into 
close  contact  by  pi*e6sure,  the  chemical  reactions  between  them  go 
forward  even  when  the  pressure  is  removed.  Experiments  carried 
on  during  four  years  have  shown  how  a  chemical  reaction  can 
complete  itself  under  these  circumstances :  time  admitting  of  slow 
diflfusion  between  the  molecules  (ZeitschriftfurFhysiku,  GJiemie,  1889). 

6.  Lastly,  Professor  Spring  has  investigated  the  influence  of  the 
presence  of  small  quantities  of  water  in  promoting  or  retarding  the 
welding  action  of  pressure.  He  has  shown  that  where  diminution  in 
volume  accompanies  solution,  the  presence  of  water  facilitates  the 
solidification  of  powders  by  pressure ;  but,  in  the  much  rarer  cases, 
in  which  increase  of  volume  by  solution  takes  place,  the  presence  of 
water  hinders  solidification. 

It  would  be  impossible  to  exaggerate  the  importance  of  these 
results  or  to  over-estimate  the  influence  which  they  must  have  upon 
geological  thought  and  speculation. 

Scarcely  less  important  and  suggestive  are  the  results  arrived  at 
by  the  late  Dr.  Guthrie,  who,  by  a  series  of  experiments  on  solution 
under  pressure,   has   shown,   in  the  case  of  nitre  and  other  sub- 
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stances,  tliat  there  is  perfect  continuity  hehoeen  the  staies  of  solution 
and  fusion, 

I  will  now  pass  to  the  evidence  afforded  by  the  microscopical 
stndy  of  rocks,  as  to  results  which  have  been  prodnced  on  their  con- 
stituent crystals  by  the  enormous  pressures  to  which  they  have  been 
subjected.  I  must  at  the  outset  ask  to  be  allowed  to  make  a  distinc- 
tion between  the  different  ways  in  which  pressure  can  be  shown  to 
have  operated  upon  rocks. 

All  the  rocks  situated  at  considerable  depths  in  tbe  earth's  cruf^t 
must  be  subjected  to  great  pressure  resulting  from  the  weight  of  the 
superincumbent  masses.  Under  these  pressures,  Hqnids  and  gases 
may  be  made  to  penetrate  between  the  molecules  of  the  solid  crystals. 
The  evidence  that  such  permeation  of  solid  crystals  by  liquids  and 
gases  has  taken  place  is  overwhelming.  In  the  words  of  Van  der 
Waals,  "  all  bodies  can  mix  with  one  another  when  the  pressure 
exceeds  a  certain  value." 

Now  these  pressures,  resulting  from  the  weight  of  overlying  rock* 
masses,  may  be  called  '*  statical  pressures,^  and  any  changes  or 
**  metamorphism  "  produced  in  the  rocks  by  this  agency  may  be  called 
*^  statical  metamorphism.*' 

But  rocks  have  in  many  cases  been  subjected  to  pressnre  of  a  very 
different  character.  During  tbe  diffei*ential  movements  within  a  rock- 
mass  resulting  from  folding,  crumpling,  and  shearing — actions  which 
go  on  to  such  an  extent  during  monntain-making — ihe  great  stresses 
give  rise  to  internal  strains,  and  these  to  resultant  movements  that  affect 
powerfully  every  constituent  crystal  of  the  rocks.  Pressures  soch  as 
these,  operating  to  produce  movement  and  work,  may  be  distin* 
guished  as  *'  dynamical  pressures,"  and  geologists  have  agreed  to  call 
the  metamorphism  which  results  from  them  **  dynamical  meta- 
morphism." 

It  is  of  course  not  necessary  to  point  out  that,  while  statical 
pressures  only  effect  a  change  in  the  conditions  under  which  the 
various  chemical  forces  act,  dynamical  pressures  resulting  in  move* 
ment  may,  by  generating  heat,  or  in  other  ways,  themselves  become 
active  agents  in  chemical  change.  Mr.  Sorby  has  even  argued  that 
under  the  conditions  which  exist  within  the  earth's  crust  there  can 
be  a  direct  conversion  of  mechanical  into  chemical  force,  and  it  may 
be  that,  as  he  ai^ued,  certain  phenomena  familiar  to  geologists  will 
have  to  be  explained  in  this  way  (Proc,  Roy,  8oc.,  12,  538). 

The  effects  prodaced  by  statical  and  dynamical  pressures  are,  how* 
ever,  so  constantly  found  exhibited  in  the  same  rock -mass,  that  any 
attempt  to  dissociate  them — except  for  purposes  of  study — seems  to 
me  to  be  neither  practicable  nor  desirable. 
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I  propose  to  laj  before  70a  a  series  of  propositions,  tbe  trnth  of 
which  it  appears  to  me  can  be  established  by  studying  tbe  results  of 
processes  going  on  in  the  great  subterranean  laboratories  of  our 
earth's  crust.  In  these  laboratories  more  or  less  eleyated  temperatures 
and  various  solrents  have  operated  under  the  conditions  of  enormous 
pressure  and  practically  unlimited  time.  By  the  removal  of  the 
thousands  of  feet  of  superincumbent  materials  through  denudation, 
the  remarkable  bodies  produced  in  these  laboratories  are  now  exposed 
at  the  earth's  surface  for  our  study.  As  the  wearing  away  of  these 
enormous  masses  of  material  has  required  long  periods  of  time,  mof^t 
of  these  products  that  we  study  are  of  great,  many  of  them  of  enor- 
mons  antiquity;  but  it  sometimes  happens  that  precisely  similar 
bodies  from  the  deeper  parts  of  our  earth's  crust  are  brought  to 
the  surface  during  volcanic  eruptions,  and  these  sei've  to  show  that 
the  same  processes  are  in  operation  within  the  earth's  crust  at  the 
present  day. 

I.  In  all  those  cases  in  which  crystaUisation  is  accompanied  by  con- 
traction^  the  tendency  of  pressure  is  to  promote  the  change  from  an 
amorphoug  to  a  crystaJline  condition. 

Spring  has  shoWn  that  under  a  pressure  of  6,000  atmospheres 
plastic  or  amorphous  sulphur,  having  a  density  of  195^  passes  into 
rhombic,  crystalliRed  sulphur,  having  a  density  of  2*05. 

The  mixtures  of  silicates  which  constitute  the  igneous  rocks  of  the 
earth's  crust  all  undergo  dontraetioti  in  passing  from  thef  amorphous 
(vitreous)  to  the  crystalline  condition.  This  is  easily  proved  by  com- 
paring the  specific  gravities  of  more  or  less  crystalline  rock-masses 
with  that  of  the  glHSses  formed  by  their  artificial  fusion.  The  experi- 
ments of  Delesse,  Deville,  Cossa,  and  others  have  shown  that  mix- 
tures of  the  silicates  of  alumina  and  the  alkalies  with  over  70  per  cent, 
of  silica,  must  undergo  a  contraction  to  the  extent  of  -j\-th  of  their 
bulk  in  passing  from  a  glassy  to  a  highly  crystalline  state  (granite). 
Mixtures  of  the  silicates  of  alumina,  magnesia,  iron,  lime*,  and  the 
alkalies  with  less  than  50  percent,  of  silica,  in  passing  from  a  vitreous 
state  to  a  perfectly  crystalline  one  (gabbro),  mast  undergo  a  reduc- 
tion in  bulk  equal  to  }. 

It  may  fairly  be  anticipated,  therefore,  that  great  pressure  would 
tend  to  promote  the  crystallisation  of  the  mixtures  of  silicates  com- 
posing most  of  the  rocks  of  our  globe,  or  to  prevent  their  assuming 
the  glassy  state,  and  a  great  body  of  geological  facts  tends  to  support 
this  conclusion.  It  must  not  of  course  be  lost  sight  oi  that  slow 
consolidation  is  also  favourable  to  the  process  of  crystallisation,  and 
rocks  being  extremely  bad  conductors,  the  process  of  cooling  in  great 
rock-masses  is  excessively  slow.  It  is  often  difficult  therefore  to  dis- 
criminate between  the  effects  that  must  be  referred  to  slowness  of 
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cooling,  and  those  wliich  may  be  safely  considered  to  result  from 
pressure. 

As  long  ago  as  1846,  Charles  Darwin  showed  that  the  andesitic  lavas 
of  the  Cordillera  of  South  America  are  associated  with  perfectly  crystal- 
line rock,  true  granites,  made  up  of  precisely  the  same  minerals. 
The  identity  of  the  minerals  in  the  plutonic  rocks  and  the  lavas 
respectively  was  demonstrated  by  the  careful  studies  of  Darwin  him- 
self, and  of  Professor  W.  H.  Miller,  of  Cambridge,  long  before  the 
method  of  studying  rocks  in  thin  sections  had  been  invented.  Quite 
recently  Professor  A.  Stelzuer,  employing  the  modem  methods  of 
research,  has  been  able  to  completely  con&rm  the  interesting  results 
arrived  at  by  Darwin  and  Miller,  and  to  show  that  a  perfect  gradation 
can  be  traced  between  the  highly  crystalline  *' Andengranites,"  and 
the  more  or  less  glassy  lavas  (andesites)  which  are  so  closely  asso- 
ciated with  them. 

In  1874  I  was  able  to  show  that  in  the  Western  Isles  of  Scotland 
there  occur  masses  of  perfectly  crystalline  (granitic)  rock,  identi6ed 
by  Zirkel  as  true  gabbros  and  granites,  which  can  be  traced  passing 
by  the  most  insensible  gradations  into  natural  glasses  (**  tachylytes  " 
and  >•  obsidians  ")  {Quart  Journ.  Oeol  Soc.,  80  (1874),  233—248), 
and  the  trutb  of  these  conclusions  has  been  fully  established  by  the 
more  recent  researches  of  Dr.  A.  Qeikie  {Tra/ns.  Boy,  Soc.  Bdinb.  (1888), 
122—124,  145—150).  in  1876  I  further  showed  thatthe  diorites  and 
quartz-diorites  of  Hungary  and  Transylvania  pass  insensibly  into 
the  ordinary  lavas  of  the  district,  which  have  the  same  ultimate 
chemical  composition,  and  the  same  mineralogical  constitution 
(Quart,  Journ,  Oeol,  Soc,  32  (1876),  292).  in  1885,  Messrs.  Arnold, 
Hague,  and  J.  P.  Iddings,  of  the  United  States  Greologlcal  Survey, 
established  precisely  similar  conclusions  by  the  study  of  rocks  in 
the  Nevada  district  (Bull,  TJS.  Oeol  Surv.,  No,  17  (1885)  )  ;  and 
Signer  B.  (iotti,  of  the  Italian  Geological  Survey^  in  the  following 
year  proved  the  same  to  be  true  in  the  case  of  the  rocks  of  Slba. 

In  all  these  cases  it  is  seen  that  the  masses  which  have  been  most 
deeply  seated,  and  thus  subjected  to  the  greatest  statical  preasures, 
are  those  which  have  undergone  the  most  perfect  crystallisation.  It 
must  of  course  be  remembered  that  in  these  cases  the  other  cause 
tending  to  the  development  of  crystalline  structure  comes  into  play, 
namely,  slowness  of  cooling.  The  ordinaiy  materials  of  igneous  ix>cks 
are  snch  bad  conductors  of  heat,  that  enormous  periods  of  time  must 
elapse  before  the  deeply  seated  portions  of  igneous  rock-masses  can 
become  solidified. 

The  potent  influence  of  this  extreme  slowness  of  cooling  in  bring- 
ing about  the  crystalline  structure  in  molten  masses  of  silicates 
has    been    well    illustrated  by   the   splendid    researches    on  rock- 
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synthesiR  by  MM.  Fouqu^  and  A.  Michel- Levy.  They  have  shown 
that  the  secret  of  making  a  particnlar  mineral  crystallise  oat  of  sach 
a  mass  consists  in  finding  out  the  temperature  of  fusion  of  the 
miaeral,  and  in  maintaining  the  molten  mass  for  a  long  period 
jnst  below  this  temperature.  In  the  excessively  siow  ec^ling  of 
deeply  seated  rock-masses,  the  materials  must  be  kept  successively 
and  for  long  periods  at  temperatures  a  liftle  below  the'  fusion-points 
of  each  of  their  mineral  constituents. 

But  while  the  influence  of  slow  cooling  fa  producing  the  crystal- 
line structure  in  rocks  iff  unqfuestionably  very  great,  the  effect  of 
pressure  in  promoting  crysiallisation  can  scarcely  be  doubted.  .  We 
have  no  proof,  indeed,  that  the  holocrystalline  ot  perfectly  granitic 
structure  of  rtwks'  chn  ever  be  produced  except  under  these  conditions 
of  extreme  pressure. 

n.  CnjsicMised  mineraia,  developed  in  a  magma  under  preseure,  may 
lose  their  stability  and  he  dissolved  hy  the  sam^  m^gmu^  when  the  pres^ 
sure  is  remloved. 

The  very  remarkable  researcbes  of  Fouque  and  Michel-L6vy  upon 
the  synthesis  of  rbcks^  is  not  less  instructive,  whether  we  consider 
the  successes  or  the  failures  of  their  experiments.  While  able  to 
reproduce  by  fusion  and  slow  cooling — either  from  the  powdered 
rocks  themselves,  6t  from  dxAj  admixed  proportions  of  j?ilioa,  alumina, 
iron  oxide,  and  the  alkaline  earths  and  alkalies — vaHous  kinds  of 
basalts  and  oth^r  basic  rocks,  all  attempts  to  form  certain  other 
rocks,  especially  those  containing  quartz,  hornblende,  and  musbovite,* 
failed.  The  conclusion  at  which  the  experinaenters  arrive — and  the 
correctness  of  these  conclusions'  it  is  scarcely  possible  to  doubt — is 
that,  for  the  formation  of  such  minerals  and  of  the  rocks  containing 
them,  water  and  other  volatile  sabstances;  held  Within  the  solid  mass 
by  intense  pressure,  is  absolutely  iildispensable. 

Now  in  the  porphyritic  obnstitaents  (Einsprenlinge  or  phenocrysts) 
of  many  lavas,  we  find  examples  of  minerals  which  have  been  formed 
at  great  depths  im  the  earth's  crust  and  then  brought  up  to  the 
surface  and  exposed  to'  totally  different  conditions,  especially  as 
regards  pressure.  Very  ctearly  do'  thefte  phenocrysts  tell  the  tale  of 
their  origin,  and  of  the  influened  exerted  upon  them  by  their  subse-- 
quent  environments. 

Crystals  of  quartz  and  felspar,  wbich  ha^e  grown  to  lai^e  propor- 
tions in  the  deeper  portions  of  the  earth's-  crust,  are  found  when 
broaght  up  in  lavas  to  the  earth's  surface,  and  thus  relieved  from  the 
action  of  pressure,  to  be  attacked  by  the  magma  in  which  they  were 
originally  formed.  The  proof  of  this  is  seen  in  the  corroded  con-' 
dition  of  the  crystals,  the  glassy  matter  surrounding  them  having 
attacked  their  angles,  their  edges,  and  in  a  less  degree  their  whole 
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surface,  penetrating  irregularly  into  their  interior,  and  reducing  them 
sometimes  to  mere  skeletons. 

Crystals  of  hornblende  and  mica  betray  in  an  even  more  striking 
manner  the  effects  of  a  change  of  environment.  When  brought  up 
from  great  depths  in  masses  of  molten  lava,  crystals  of  these  minerals 
are  constantly  found  to  be  surrounded  by  "  resorbtion  halos."  The 
outside  of  the  hornblende  or  mica  crystals,  where  in  contact  with  the 
molten  glass,  is  found  to  be  attacked  by  it,  and  crystals  of  pjrroxene 
and  magnetite  hare  resulted  from  the  reaction.  The  action  may  in 
some  cases  continue  till  the  whole  of  the  hornblende  has  been  con- 
verted into  a  pseud omorph. 

In  some  instances  there  may  be  reason  to  believe  that  the  pheno- 
crysts  have  become  enveloped  in  a  magma  of  different  chemicaJ  com- 
position to  that  in  which  they  were  originally  formed.  But  in  many 
cases  there  is  no  room  for  doubt  that  the  minerals  which  were  formed 
and  maintained  their  stability  under  certain  conditions  of  pressurei 
lost  that  stability  upon  the  diminution  of  pressure. 

That,  conversely,  the  increase  of  pressure  leads  to  the  production 
of  a  condition  of  instability  in  minerals  formed  at  or  near  the  earth's 
surface  there  cannot  be  any  doubt.  The  study  of  the  formation  of 
crystalline  schists  from  various  aqueous  and  igneous  rocks  supplies  us 
with  numerous  and  very  interesting  illustrations  of  changes  of  this 
kind :  hornblendes,  chlorites,  micas,  and  talc  are  produced  under  con- 
ditions of  pressure  in  which  pyroxenes,  epidotes,  felspars,  and  olivines 
lose  their  stability. 

III.  In  aU  those  cases  where  solution  is  attended  hy  contraction^  the 
solvent  action  of  water  and  other  liquids  is  increased  hy  pressure. 

That  this  is  the  case  at  elevated  temperatures  is  proved  by  the 
researches  of  Daubr^e  to  which  we  have  already  referred.  Pure 
water  was  made  to  attack  various  silicates  quite  insoluble  at  ordinary 
temperatures  and  pressures.  Even  if  we  admit  with  Bunsen  that  there 
are  temperatures  at  which  this  iufluence  of  pressure  is  no  longer 
operative,  or  at  which  the  effects  are  wholly  inappreciable,  the  admis- 
sion would  not  in  any  way  affect  the  theoretical  views  of  the  geologist, 
seeing  that  the  increase  of  temperatui*e  within  the  earth's  crust  is  so 
rapid^  that  even  at  moderate  depths  the  temperature  at  which  solvent 
action  is  increased  by  pressure  must  certainly  exist. 

The  effects  of  this  solvent  action  under  pressure  are  everywhere 
manifest  when  we  come  to  the  study  of  the  rocks  building  up  oar 
earth's  crust.  At  more  or  less  considerable  depths,  water  containing 
carbon  dioxide  has  attacked  the  silicates  composing  the  rook-forming 
minerals ;  so  that  it  is  impossible  to  find  rocks  which  have  been  deep- 
seated,  at  any  period  of  their  history,  in  which  the  minerals  are  in  a 
pei*fectly  unchanged  condition. 
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Great  masses  composed  onginallj  of  calcic  carbonate,  are  found  to 
have  been  changed  into  dolomite  (the  magneso-calcic  carbonate), 
or  into  chalybite  (the  ferroos  carbonate) ;  while  in  other  cases  the 
whole  mass  of  a  bed  of  calcic  carbonate  has  been  dissolved  awaj,  and 
silica  snbfttitnted  as  a  "  psendomorph." 

We  mast  proceed  to  study  the  details  of  such  processes  especiallj 
as  they  are  affected  by  pressure  and  by  the  crystalline  structure  of 
the  minerals  affected. 

TV.  Uiider  ^reai  statical  pressures,  the  whole  substance  of  solid  bodies 
may  be  permeaied  by  fluids,  and  chemical  reactions  between  them  are  thus 
greatly  faciUtated, 

It  is  not  necessary  to  point  out  that  the  molecules  of  the  densest 
solids  cannot  be  in  actual  contact ;  this  is  proved  by  the  circumstance 
that  such  solids  undergo  contraction  by  lowering  of  temperature,  and 
that  gases  may  be  occluded  in  them.  Physicists  and  mathematicianSf 
as  recently  pointed  out  to  this  Society  by  Professor  Bticker,  have 
even  been  able  to  arrive  at  positive  conclusions  concerning,  not  only 
the  actual  order  of  magnitude  of  molecules,  but  the  distances  that 
separate  them  from  one  another  in  solids. 

The  effect  of  pressure  in  causing  the  molecules  of  one  body  to  pass 
between  those  of  another,  has  been  expressed  by  Van  der  Waals  in 
the  dictum,  "  All  bodies  can  mix  with  one  another,  when  the  pressure 
exceeds  a  certain  value."  A  similar  conclusion  was  expressed  by  the 
late  Dr.  Guthrie,  as  the  result  of  his  experiments  on  potassic  nitrate, 
when  he  asserted  that  ^'  fused  nitre  and  fused  ice  are  miscible  in  all 
proportions." 

Now,  nothing  is  more  certain,  from  petrographical  researches, 
than  that  the  whole  substance  of  the  minerals  in  the  deep-seated 
rock-masses  of  the  globe  may  be  permeated  by  fluids.  This  is 
shown  by  the  condition  of  the  minerals  forming  these  deep-seated 


The  felspars,  in  their  normal  condition,  are  colourless  and  trans- 
parent minerals  with  a  vitreous  lustre,  and  this  is  their  character 
when  they  are  found  in  lavas  and  in  blocks  ejected  from  volcanoes. 
In  granites  and  other  deep-seated  rocks,  however,  these  same  felspars 
exhibit  grey,  green,  pink,  or  red  tints,  with  more  or  less  opacity, 
and  a  remarkably  pearly  lustre.  The  cause  of  this  change  of  aspect 
is  found  in  the  fact  that  the  unstable  alkaline  silicates  which  enter 
into  their  composition  have  been  attacked  by  the  fluids  that  have 
penetrated  through  the  whole  substance  of  the  crystal,  leading  to 
the  formation  of  the  hydrated  silicate  of  alumina,  and,  in  soma 
cases,  the  peroxidation  of  any  ti'aces  of  iron  compounds  that  may 
have  been  present  in  them. 

Similar  changes  can  be  shown  to  have  affected  most,  if  not  all,  the 
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minerals  which,  at  any  period  of  their  history,  have  formed  portions 
of  deep-seated  rock-masses. 

V.  By  the  intvmate  intermixture^  under  grecU  HcUical  pressures,  of 
solids  <md  fluids,  the  properties  of  the  former  undergo  great  Tnodifiea- 
tions. 

Bunsen,  in  common  with  all  chemists  who  have  stndied  the  great 
problem  of  geology,  has  insisted  that  f  ased  silicates,  in  spite  of  the 
high  temperatures  at  which  they  assume  the  fluid  state,  obey  the  same 
laws  as  those  governing  ordinary  solutions.  Guthrie  has  shown  that 
the  principles  which  determine  the  formation  of  "  cryohydrates  "  and 
of  ^'eutectic  compounds"  are  equally  operative  in. the  case  of  the. 
separation  of  minerals  from  a  mixture  of  fused  silicates ;  and  the  same 
idea  has  been  elaborated  by  Lagorio.  Guthrie  has  further  shown  thav 
as  water  is  added  to  salt,  the  fusion-point  of  the  mixture  is  pro- 
gressively lowered,  and  from  this  fact  he  concludes  that  ^^  the  pheno- 
menon of  fusion  is  nothing  more  than  an  extreme  case  of  liquefaction 
by  solution." 

That  silicates,  when  they  are  mixed  with  water,  fuse  at  a  lower 
temperature,  was  long  ago  recognised  by  geologists — ^long,  indeed, 
before  any  physical  explanation  had  been  offered  of  the  fact.  Ponlett- 
Scrope,  Scheerer,  Elie  de  Beaumont,  Daubr^e,  and  many  others  who 
might  be  mentioned,  have  insisted  on  the  important  part  played  by 
water  in  promoting  the  fusion  of  lavas  and  other  igneous  masses. 

In  the  case  of  the  volcanic  glass  known  as  marehanite,  I  have  shown 
that  at  a  comparatively  low  tempeniture  the  mass  will,  when  heated, 
swell  up  and  intumesce,  the  escaping  steam  causing  the  molten  glass 
to  froth  up  and  assume  the  character  of  a  true  pumice  (Oeol.  Mag,, 
Dec.  8,  3,  243).  The  brown  glass  ejected  from  Erakatoa,  during 
the  great  eruption  of  1883,  if  heated,  increases  to  many  times 
its  original  bulk,  and  passes  into  a  substance  which,  macroscopically 
and  microscopically,  is  indistinguishable  from  the  pnmice  thrown  out 
in  such  vast  quantities  during  that  great  eruption  {OeoL  Mag., 
Dec.  3,  5,  6). 

Many  volcanic  glasses  contain  an  appreciable  quantity  of  water, 
amounting  in  some  cases,  indeed,  to  as  much  as  10  per  cent,  of  tbeir 
mass.  The  glasses  which  contain  water  fuse  at  a  lower  temperature 
than  those  which  are  anhydrous.  There  is  reason  to  believe  that 
most  lavas  are  not  masses  in  a  state  of  simple  fusion,  but  consist  of 
crystals  floating  in  a  mass  of  mixed  silicates  and  water,  the  magma 
being  at  a  temperature  above  the  fusion -point  of  the  mixture  but 
below  that  of  the  crystals. 

VI.  Mechanical  stresses,  which  tend  to  overcome  the  attraction  between 
the  particles  of  a  solid,  promote  chemical  action  at  those  parts  of  its 
w^ass  which  are  in  a  condition  of  intense  strain. 
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That  a  direct  relation  exists  between  mechanical  and  chemical 
forces  is  shown  by  the  fact  that  capillary  action  is  capable  of  orer- 
coming  weak  chemical  affinities.  Violent  mechanical  shocks  will 
sometimes  completely  overmaster  chemical  affinity,  as  was  shown  by 
Berthelot  in  the  case  of  acetylene,  cyanogen,  Ac,  and  more  recently 
by  Professor  Thorpe  in  the  case  of  carhon  bisnlphide. 

Camelley  and  Schlerohmann  endeavonred  to  show  that  the  solution 
of  a  copper  wire  by  acid  was  promoted  when  the  wire  was  pnt  into  a 
condition  of  strain.  These  experiments,  it  is  true,  yielded  negative 
results,  a  circnmstance  which  is,  perhaps,  hardly  to  be  wondered  at, 
when  we  remember  how  feeble  were  the  mechanical  forces  employed. 

In  the  case  of  the  curiously-impressed  limestone  pebbles  of  the 
Swiss  Nagelflue,  however,  Sorby  has  shown  that  there  are  grounds 
for  believing  that  solution  is  promoted  in  masses  which  are  subjected 
to  intense  mechanical  stresses,  and  he  has  confirmed  this  conclusion 
by  an  an  ingenious  experiment  with  rock-salt  {Torksh.  Proc.  Oeol, 
Soe.,  4,  458-^1). 

Similarly  impressed  and  faulted  pebbles  from  the  Old  Red  Sandstone 
of  Stonehaven,  in  Scotland,  have  afforded  what  I  think  is  indisputable 
evidence  of  the  action  of  strain  in  promoting  solution.  The  sand- 
grains,  of  which  these  pebbles  are  composed,  are  seen  under  the 
microscope  to  be  traversed  by  bands  of  liquid  enclosures,  that  are 
clearly  of  secondary  origin.  Now,  these  bands  of  enclosures  are 
parallel  to  the  actual  faults  that  have  been  produced  in  the  pebbles, 
and  the  careful  study  of  all  the  facts  renders  inevitable  the  conclusion 
that  when  the  whole  mass,  under  great  statical  pressures,  was  per- 
meated by  fluids,  solvent  action  was  determined  in  part-s  of  the  mass 
subjected  to  violent  strain  (Minerahgical  Magazine,  7,  83). 

Similar  bands  of  secondary  liquid  inclusions,  which  have  clearly 
been  produced  in  the  same  way,  abound  in  the  crystals  of  many  rock- 
masses  that  have  been  subjected  to  strain  and  movement. 

VII.  Pressure  may  supply  the  conditions  required  for  the  renewal  of 
the  growth  of  crystals  when  their  development  has  been  arrested  for  an 
itidejinite  period,  and  even  after  they  have  suffered  mechanical  injuries. 

In  1856,  Louis  Pasteur  published  the  results  of  his  interesting 
investigations  upon  the  property  exhibited  by  crystals  of  bimalate  of 
ammonia  and  other  salts  to  repair  injuries  produced  by  fracture  ;  and 
this  experiment  has  been  repeated  and  confirmed  by  Scharff  and 
other  observers. 

This  principle  of  the  growth  and  repair  of  injured  crystals  is  one 
of  great  importance  and  wide  application  in  geological  investigation. 
Sorby  has  shown  that  rounded  and  water- worn  sand-grains  that 
have  originally  constituted  a  portion  of  a  granite  or  other  igneous  rock 
may,  in  the  presence  of  solutions  of  silica  and  under  pressure,  renew 
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fcheir  growth,  and,  in  the  end,  acquire  the  faces  and  angles,  charac- 
teristic of  quartz-crystals.  The  observations  of  Becke,  R.  Irving, 
Van  Hise,  Bonne j,  and  other  microscopists  have  shown  that,  not  only 
fragments  of  quartz,  but  portions  of  the  crystals  of  felspar,  augite, 
hornblende,  biotite,  and  other  minerals,  may  undergo  enlargement  in 
a  similar  way.  It  has  further  been  shown  that  this  repairing  and 
growth  of  crystals  is  continually  taking  place  in  rocks  under  pres- 
sure ;  that  the  composition  of  the  outer  parts  of  a  crystal  may  vary 
as  growth  goes  on  ;  and  that  the  action  can  take  place  in  solid  rock- 
masses  (Qtiart.  Joum.  GeoL  Soc,,  45,  175 — 186). 

I  have  found  it  possible  to  illustrate  experimentally  some  of  the 
phenomena  exhibited  by  zoned  crystals  in  rocks.  An  octahedral 
crystal  of  chrome-alum  of  a  dark-purple  colour  was  mutilated  bjr 
having  two  opposite  solid  angles  broken  off  from  it  and  then  placed 
in  a  solution  of  common  ammonia-alum  (see  Fig.  1).     By  more  rapid 

Fig.  1. 


growth  in  the  injured  portions,  the  crystal  tended  to  repair  itself,  but 
the  regularity  of  this  process  was  interfered  with  by  subjecting  the 
crystal  and  solution  to  a  somewhat  wide  range  of  temperature.  As 
the  coefficient  of  expansion  of  chrome-alum  appears  to  be  different 
from  that  of  ammonia-alura,  the  shell  of  the  latter  material  was  from 
ti'me  to  time  cracked  by  the  unequal  expansion.     The  solvent,  finding 
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iis  way  into  the  interior,  partialiy  dissolved  away  the  original  crystal 
of  chrome-alum.  The  final  resnlt  of  these  changes  was  that  while  the 
form  of  the  alum  octahedron  was  almost  completely  reprodnced,  only 
a  small  portion  (A)  of  the  original  chrome-alam  crystal  remained. 
Much  of  the  chrome-alam  was  dissolved  oat  and  replaced  by  a  mix- 
ture of  the  two  alums  (B),  while  the  other  layers  of  the  crystal 
(C,  D,  B,  F,  G)  were  formed  by  still  paler-coloi&red  zones,  also  con- 
sisting of  mixtures  of  a  like  kind.  Zoned  crystals  exhibiting  similar 
abnormal  appearances  to  this  alum  crystal  are  by  no  means  rare  in 
some  igneous  rocks. 

VIII.  When  solution  under  pressure  is  going  on  in  a  crystalline  hody, 
the  action  is  controlled  and  modified  by  its  molecular  structure.  This 
molecular  structure  may  have  been  produced  either  in  tfie  process  of 
crystallisation^  or  as  the  result  of  mechanical  or  other  forces  acting  upon 
the  crystal  subsequently  to  its  formation, 

Daniell's  eorliebt  contributions  to  science,  in  the  year  1816,  dealt 
with  the  remarkable  and  unequal  action  of  solvents  upon  crystals. 
The  curious  and  complicated  patterns  produced  on  the  faces  and  the 
cleavage  or  cut  surfaces  of  crystals  (etching-figures)  have  subse- 
quently been  studied  by  Leydolt,  Kiocke,  Baumhauer,  Becke,  and 
other  investigators.  The  results  obtained  have  been  shown  to  vary 
with  the  nature  and  strength  of  the  solvent,  the  temperature,  the 
pressure,  and  the  time  during  which  the  action  is  allowed  to  take 
place. 

In  1884-5  Yon  Ebner,  as  the  result  of  an  exhaustive  study  of  the 
etching-figures  of  calcite  and  aragonite,  showed  that  crystals  possess 
planes  of  chemical  wtaJcness,  to  which  he  gave  the  name  of  *^  solution- 
planes;"  these  being  analogous  to  the  well-known  planes  of  least 
cohesion  or  cleavage-planes.  Quite  independently,  I,  about  the  same 
time,  arrived  at  the  same  conclusion  by  studying  the  crystals  in  deep- 
seated  rocks  {Quart,  Joum,  GeoL  8oc.,  41,  383,  <fec.).  In  these  deep- 
seated  rocks  the  crystals  (their  whole  substance  being  permeated  by 
the  solvent)  yield  to  chemical  action  along  their  solution-planes,  along 
which  hollow  spaces  in  the  form  of  negative  crystals  are  produced. 

When  twinning-planes  are  developed  in  crystals  by  pressure  or 
other  mechanical  agencies,  these  planes  (gliding ^planes)  become 
planes  of  chemical  weakness  {Miueralog.  Mag,y  7,  87).  The  experi- 
ments of  ReuBch,  Baumhauer,  Miigge,  Foerstner,  and  others  have 
shown  how  frequently  this  secondary  twinning  is  developed  in  the 
crystals  of  rock-forming  minerals. 

When  the  negative  crystals  formed  along  the  solution-planes  of  a 
mineral  are  filled  with  various  secondary  products,  the  whole  character 
and  aspect  of  the  substance  may  be  transformed.  When  the  infilled 
negative  crystals  are  of  appreciable  dimensions,  the  avanturine  and 
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•*8chiller"  phenomena  resnlt  from  the  action.  When  the  action  if  on 
an  nitra-microscopical  scale,  the  phenomena  of  opalescence  and  uf 
iridescence  may  be  produced. 

By  the  introduction  of  variotts  substances  in  solution  into  a  crystal, 
its  composition  may  be  altered  and  the  way  prepared  for  the  recrys- 
tallisation  of  the  substsoice  as  a  distinct  mineral.  It  has  been  shown 
that  by  the  introduction  of  sodic  chloride  into  a  pla^odase-felspar, 
the  way  has  been  prepared  for  the  eonrersion  of  tliat  mineral  into 
Bcapolite  (MvnemLog.  Mag,,  8,  18'6). 

IX.  Under  grecct  pressures^  pc^amorphte  chcenges  take  place  in  erydaU 
line  bodies,  without  any  dlteratien  in  their  chemical  compontion. 

It  is  a  well-known  fact  thtit,  under  the  slight  pressute  which  can 
be  exerted  by  tie  hand,  the  orthorhombic;  yellow  variety  of  mercuric 
iodide  passes  into  the  feihragonai,  red  "Variety.  Spring  has  shown 
that,  under  a  pressttre  of  5000  atmospheres,  monocliiDiic  snlpHiur  pssses, 
at  ordinary  temperatures,  into  the  orthorhombic  form.  Van't  HofE 
and  Reicher  halve  shown  that  the  temperature  »t  which  this  latter 
change  takes  plaioe  is  progressively  diminished  a»  th»  pressure  ia 
increased. 

That  slight  forces  acting  through  a  considerable  period  of  time 
are  competent  to  produce  such  paramorphic  changes  has  long  been 
known.  Thu»  the  mercuric  iodide  and  sulphur  umdergo  their  para^ 
morphic  changes*  slowly,  when  subjected  only  to  the  ordiiiary  vicissi- 
tudes of  atmospheric  temperature. 

Many  interesting  examples  of  similar  heteromorphous  forms  of  the 
same  compound  are  familiar  to  geologists :  such  as  calcite  and  ara- 
gonite  among  the  carbonates,  and  pyroxenes  and  amphiboles  among 
the  silicates.  Heteroftiorphism,  indeed,  appears  to  be  the  rule  rather 
than  the  exception  in  the  mineral  kingdom. 

The  slow  paramorphic  changes  between  heteromorphous  forms  of 
the  same  compound  wM  long  ago  studied  by  Gustav  Rose ;  and  in 
more  recent  years  the  dependence  of  these  changes  on  great  pres- 
sures, or  on  small  forces  acting  through  long  periods  of  time,  has 
engaged  the  attention  of  J.  A.  Phillips,  Allport,  Hawes,  R.  D.  Irving, 
J.  Lehmann,  G.  H.  Williams,  Teall,  and  other  observers. 

In  considering  these  paramorphic  changes,  it  must  be  remembered 
that  the  transition  under  pressure  is  not  always,  as  in  the  case  of 
sulphur,  from  a  less  dense  to  a  more  dense  form.  On  the  contrary, 
as  in  the  change  of  both  aragonite  to  calcite,  and  of  augite  to  horn- 
blende, we  find  the  denser  but  less  stable  form  passing  into  the  less 
dense  but  more  stable  one.  Stability,  however,  is  only  a  relative 
term:  while  one  form  of  a  compound  may  be  most  stable  at  one 
temperature  or  under  a  certain  pressure,  other  conditions  may  exist 
under  which  it  becomes  an  unstable  form. 
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X.  Both  soltUum  a/nd  the  formation  of  new  crystalline  compounds  may 
result  from,  pressure,  and  these  two  operations  may  take  pUice  together  ; 
in  this  way  more  or  less  complete  interchange  of  ingredients  may  take 
place  between  the  crystalline  bodies^  and  pseudomorphs  be  formed. 

That  most  of  the  pseudomorphic  changes,  so  commoii  in  the 
mineral  kingdom,  take  place  at  considerable  depths  from  the  surface, 
there  seems  no  room  to  donbt;  and  in  all  these  cases  it  jxxKy  be 
inferred  tbat  pressure  is  one  of  the  determining  conditions  of  the 
action. 

The  effects  of  these  pseudomorphic  changes  in  transforming  vast 
rock-masses  into  others  of  totally  different  composition — such  as 
limestone  into  dolomite,  chalybite,  or  silica — has  long  been  familiar 
to  geologists ;  and  modem  microscopical  methods  have  enabled  us  to 
trace  tbe  progress  of  these  changes  from  tbeir  earliest  beginnings  to 
their  complete  c^msummation. 

Without  entering  further  into  this  yery  wide  question,  I  may 
mention  that  Mr.  G-.  F.  Becker  bas  lately  published  the  full  details  of 
bis  stadies  of  the  Coast-Ranges  of  California,  and  that  these  tend  to 
prove  that,  in  comparatively  recent  geological  times,  vast  masses  of 
rock  in  that  district  have  bad  their  substance  replaced  in  some  cases 
by  silica,  and  in  others  by  serpentine  ;  the  changes  sometimes  taking 
place  over  considerable  areas.  These  conclusions,  arrived  at  by  the 
oflBcers  of  the  U.S.  Geological  Survey,  if  fully  established — and  there 
appears  to  be  no  room  for  doubt  as  to  their  general  accuracy — are  not 
less  interesting  and  suggestive  tban  they  are  novel  and  startling. 

XI.  When,  as  the  result  of  dynamical  pressures,  the  crystalline  con- 
stituerUs  of  rocks  are  brought  into  close  conta^ct,  chemical  affinity  comes 
into  play  between  them,  and  new  mineral  species  result  from  the  reactions 
that  take  place.  This  operation  is  facilitated,  when,  as  a  consequence  of 
internal  strains,  differential  movements  are  set  up  within  the  rock-Tnass, 
and  rubbing  or  sliding  contacts  between  its  particles  are  brought 
about. 

Chemists  are  acquainted  with  many  examples  of  chemical  action 
following  from  the  simple  bringing  into  close  contact  of  molecules. 
In  the  union  of  gases,  when  they  are  condensed  by  platinum-black, 
and  even  in  the  light  rubbing  of  a  safety  match  on  the  match-box, 
we  have  illustrations  of  such  phenomena 

Spring  has  shown  that,  when  powdered  metals  are  mixed  together 
and  subjected  to  great  pressures,  union  takes  place  between  them,  and 
alloys  are  formed.  When  dry  anhydrous  salts  are  similarly  treated, 
double  decomposition  takes  place,  and  new  compounds  are  formed. 

Professor  Thoi^e  has  showu  that  dry,  anhydrous  salts  may  be 
made  to  react  with  one  another  by  being  simply  rubbed  together  in 
a  mortar ;  and  both  Mr.  Hallock  aud  Professor  Spring  are  agreed  as 


Digitized  by  VjOOQIC 


422 


JUDD:  THE  OCCURRENCE  OF  CHEMICAL  CHANGE 


to  the  intensification  of  action  which  occurs  when  rnhhing  or  sliding 
movementB — attended  with  necessary  multiplication  of  points  of 
contact  in  compressed  hodies — takes  place. 

Lastly,  it  may  be  pointed  oat  that  Spring  has  recently  shown  time 
to  be  a  very  important  factor  in  such  changes,  by  allowing  slow 
diffusion  to  take  place  at  the  surfaces  of  contact. 

That  the  rocks  known  as  '*  crystalline  schists  and  gneisses  "  have 
had  their  peculiar  characters  produced  by  "  internal  differential 
movements,"  resulting  from  "  enormons  irregular  pressures,"  was 
clearly  recognised  by  Poulett-Scrope,  Darwin,  Naumann,  and 
Sharpe,  long  before  the  researches  of  physicists  and  chemists  had 
supplied  us  with  the  explanation  of  the  phenomena.  Modern  petro- 
graphy has  confirmed  and  illustrated  these  concluaions,  enabling  us 
to  study  the  actual  stages  of  the  processes  of  change  by  which, 
through  the  reaction  of  the  constituent  minerals  of  a  rock  under 
pressure,  the  whole  mass  resolves  itself  into  a  completely  different 
mineral-aggregate.  The  labours  of  Lossen  in  the  Hartz,  of  J. 
Lehmann  in  Saxony,  and  of  H.  Reusch  in  Norway  have  been  of 
especial  value  in  establishing  theae  important  conclusions. 

As  an  illustration  of  this  kind  of  action,  we  cannot,  perhaps,  do 
better  than  take  the  case  of  a  rock  (gabbro)  consisting  of  three 
somewhat    unstable    constituents    (see    Fig.   2),    labradonte    (A), 


Fig.  2. 
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pyroxene  (B),  and  olivine  (C).  In  the  rock  from  which  the  fippire 
has  been  taken,  there  are  clear  evidences  of  its  having  been  subjected 
to  deforming  stresses.  Where  the  olivine,  the  least  stable  of  the 
three  minerals,  is  in  contact  with  the  labradorite,  the  silicates  of 
which  thej  are  composed  have  reacted  upon  one  another.  The  resalt 
is  seen  in  the  formation  of  a  zone  between  them  consisting  of 
entirely  new  minerals,  a  pyroxene  (D),  and  a  hornblende  (E). 
Similar  changes,  but  not  so  strongly  marked,  are  seen  to  be  in 
progress  between  the  olivine  and  the  pyroxene,  and  between  the 
pyroxene  and  the  labradorite. 

By  carefully  selecting  and  studying  a  series  of  specimens  from  the 
same  rock-mass,  every  step  in  the  metamorphosis  of  a  rock  may  be 
followed,  from  incipient  changes  like  those  in  the  case  above  illus- 
trated,  to  the  final  disappearance  of  every  vestige  of  the  original 
mineral  constituents  of  the  rock,  and  the  substitution  of  new  mineral 
species. 

XII.  When  iniemal  Birains  and  differential  movements  affect  a 
magSy  which  is  at  the  same  time  undergoing  reerystMisation,  the  forms 
and  relations  of  the  crystalline  particles  that  huHd  up  the  new  rock  may 
he  greatly  modified  hy  the  action  of  the  mechanical  forces. 

That  perfect  rest  is  a  condition  upon  which  well-developed  crystal- 
lisation depends,  is  a  fact  too  well  known  to  need  dwelling  upon  here. 
That  very  small  mechanical  causes,  such  as  the  presence  of  foreign 
bodies,  or  the  existence  of  rough  surfaces,  may  determine  the  size 
and  position  of  crystals  in  a  solidifying  mass,  is  also  a  fact  familiar  to 
every  chemist.  By  stirring  or  similar  movements  carried  on  within 
a  crystallising  mass,  granulation,  or  the  formation  of  a  number  of 
small  imperfect  crystals,  rather  than  of  large  and  well-developed  ones, 
is  brought  about ;  as  in  the  well-known  Pattinson's  process  for 
desilverising  lead. 

The  evidence  of  perfectly  similar  actions  having  taken  place  in 
crystallising  rock-masses  is  everjrwhere  conspicuous;  and  the  results 
are  the  same,  whether  the  crystallisation  occurred  in  a  mass  passing 
from  a  fluid  to  a  solid  state,  or  in  a  mass  which  remained  solid  during 
the  whole  process  of  recrystallisation. 

There  are  two  strnctures  which  are  especially  exhibited  by  rocks 
that  have  been  subjected  to  dynamo-metamorphism  which  seem 
clearly  to  have  been  produced  by  such  causes ;  these  are  the  struc* 
tures  known  as  the  grannlUic  and  i^B  foliated. 

The  gram,ulitic  structure,  which  is  so  well  exhibited  by  the  rocks 
called  "  granulites,"  is  characterised  by  the  crystals  assuming  the 
form  of  granules,  having  more  or  less  rounded  outlines,  and  lying  in 
every  position  ;  so  that,  under  the  polariscope,  the  mass  resembles  a 
fine  mosaic.   I  have  shown  that  well  crystalline  rock-masses  (gabbros), 
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when  forced  in  a  molten  state  througli  great  fissnres,  assume  on  their 
edges,  where  much  friction  mnst  have  occurred,  this  granulitic  habit, 
which  is  sometimes  exhibited  in  a  very  striking  manner  (Quart.  Jonm. 
OeoL  8oc,,  42,  76,  Ac.). 

The  foliated  strnctare,  so  characteristic  of  schists  and  gneisses,  con* 
sists  in  the  separation  along  nearly  parallel  planes  of  leaf-like  patches 
(folia)  of  the  several  mineral  constituents  of  the  crystallising  mass. 
Poulett-Scrope,  from  his  study  of  the  viscous  lavas  of  Ponza,  Lipari, 
and  Hungary,  and  Darwin,  from  his  study  of  the  similar  lavas  of 
Ascension,  were  able  to  show  that  these  rocks,  under  similar  condi- 
tions, often  assume  a  foliated  structure.  Perfectly  granitic  rock- 
masses,  like  the  syenite  of  the  Plauenschen  Grund  and  the  granitite 
of  Aberdeen,  sometimes  exhibit  on  their  margins  a  distinctly  foliated 
structure. 

It  is  worthy  of  notice  that  both  the  granulated  and  the  foliated 
structures  are  produced  in  recrystallisiiig  masses  that  are  subjected  to 
internal  strains  and  differential  movements.  They  are  equally  pro- 
duced when  the  mass  has  been  a  liquid  which  has  slowly  passed  into 
the  solid  state  by  the  process  of  crystallisation ;  and  when  by  the 
processes  we  have  already  considered  the  mass,  retaining  its  solidity ^ 
has  undergone  internal  molecular  rearrangement  and  recrystalli- 
sation. 

A  rock-mass  behaves  as  a  viscous  body,  under  slight  pressures, 
when  heat  and  the  presence  of  water  have  overcome  the  cohesion  of 
its  particles.  But  the  researches  of  Tresca  and  Daubr6e  have  shown 
that,  when  subjected  to  sufficiently  powerful  stresses,  the  most  per- 
fectly solid  bodies  we  know  of  behave  like  viscous  bodies,  and  can  be 
^ade  to  flow. 

In  the  foregoing  remarks,  my  main  object  has  been  to  show  how 
far  the  physical  and  chemical  principles,  which  have  been  estab- 
lished by  actaai  experiment,  are  capable  of  explaining  the  phenomena 
observed  by  the  geologist  in  studying  the  earth's  crust.  I  have 
especially  avoided  invoking  any  causes  which  must  be  regarded  as 
hypothetical. 

Some  of  the  actions  relied  upon  as  explaining  the  origin  of  the 
great  features  of  the  rock-masses  which  compose  the  earth's  crust 
may  seem  at  first  sight  small  and  even  insignificant.  But  the  great 
lesson  taught  by  modem  geological  science  is  that  such  small  forces, 
operating  upon  enormous  masses  of  matter  during  vast  periods  of 
time,  are  capable  of  effecting  the  most  stupendous  results. 

In  speaking  of  statical  pressure,  I  have  not  ti*eated  it  as  an  agent 
of  change,  like  heat  or  electricity,  but  simply  as  a  condition  under 
which  these  agents  operate — one  which  may  profoundly  modify  or 
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control  their  action.  Such  pressnre,  too,  may  prodnce  great  effects  bj 
caasing  a  closer  contact  and  conseqaent  chemical  action  between  tbe 
molecules  of  a  flaid  made  to  penetrate  a  solid,  or  between  the  roole- 
cnles  of  two  solids  forced  into  more  perfect  contact.  Statical  pressure 
may,  further,  prevent  the  escape  of  volatile  materials  even  under 
extreme  temperatures,  and  these  substances,  as  in  the  case  of  the 
"  mineralisers "  of  the  French  chemists,  may  exercise  important 
influences  on  the  solids  or  liquids  within  which  they  are  retained. 

Dynamical  pressure,  especially  when  it  results  in  differential 
movements  in  a  mass,  can  certainly  do  all  that  is  effected  by  statical 
pressure,  and  perhaps  something  more.  That  such  motion  is  con- 
verted into  heat  there  can  be  no  doubt ;  and  some  geologists,  like  the 
late  R.  Mallet  and  Professor  Prestwich,  have  argued  that  the  heat  so 
produced  must  have  played  an  important  part  in  the  work  of  meta- 
morphism.  But  considering  the  slowness  with  which  the  earth- 
movements  have  probably  taken  place,  and  the  opportunities  for 
the  dissipation  of  this  thermal  energy,  it  may  be  regarded  as  at 
least  doubtful  if  at  a  particular  point  in  the  rock-mass  the  tempera- 
ture could  ever  have  been  raised  to  such  an  extent,  that  any  very 
important  part  of  the  work  of  metamorpbism  ought  to  be  ascribed  to 
it.  In  the  same  way,  we  may,  perhaps,  regard  the  suggestion  of 
Mr.  Sorby  that,  during  great  earth-movements,  mechanical  energy  is 
directly  converted  into  chemical  energy,  as  one  in  favour  of  which  no 
convincing  evidence  has  as  yet  been  adduced. 

It  is  at  least  conceivable  that  the  realm  of  excessively  high  pres- 
sures is  one  in  which  phenomena  may  be  displayed  which  are  as 
anomalous  as  those  exhibited  under  extremely  low  pressures — the 
high  vacua  of  Mr.  Crookes.  But  until  such  effects  have  been 
demonstrated  by  actual  experiment,  it  is  unwise  to  invoke  their  aid 
in  geological  hypothesis.  My  great  object,  in  the  remarks  I  have 
ventured  to  offer  you  this  evening,  has  been  to  show  that  on  well- 
established  physical  and  chemical  principles,  the  phenomena,  which 
are  exhibited  by  rock-masses  that  have  been  subjected  to  great  pres- 
sures, are  capable  of  satisfactory  explanation. 
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March  27tli,  1890. 
Dr.  W.  J.  Russell,  F.R.S;,  President,  in  tlie  Chair. 

The  Report  I  have  the  honour  to  lay  hefore  you  to-day  shows  that 
our  Society  continues  in  a  prosperous  condition,  and  even,  if  we  look 
back  to  the  time  of  its  foundation,  now  nearly  half  a  century,  we  see 
how  remarkably  continuous  and  uniform  the  increase  of  the  Society 
has  always  been. 

The  following  tabular  statement  gives  the  numerical  position  of  the 
Society : — 

Number  of  Fellows  (March  21st,  1889) 1614 

Since  elected  and  paid  adnussion  fees 145 

1769 

Removed  on  account  of  arrears   34 

Withdrawn 12 

Deceased 15 

—  61 

Present  number  of  Fellows 1698 

Number  of  Foreign  Members,  March  8l6t, 

1689 / 36 

Deceased  (M.  Chevreul,  Dr.  A.  Geuther,  and 

Professor  Loewig)  .  •  •  • 3 

Present  number  of  Foreign  Members 33 

1  may  epitomise  it  by  saying  that  this  time  last  year  there  were 
1614  Fellows ;  there  are  now  1698,  an  absolute  increase  of  84,  which 
is  above  the  average  number.  There  have  been  145  elected,  but  34 
have  ceased  to  be  Fellows  on  account  of  non-payment  of  subscriptions, 
12  withdrawn,  and  we  have  lost  15  by  death. 

Of  the  36  foreign  members  this  time  last  year  we  have  lost  three 
(Chevreul,  Geuther,  and  C.  Lob  wig)  by  death. 

The  deceased  Fellows  are : — Richard  Anderson,  M.  T.  Buchanan, 
John  Dale,  Warren  de  la  Rue,  Ernest  H.  Francis,  James  Kindle,  J. 
P.   Joule,   Benjamin  Nickels,   David  Page,   Henry   Pollock,  Owen 
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Prosper,  H.  Bomanis,  Edmnnd  Ronalds^  Joseph  Stapleton,  and  David 
Waldie. 

Withdrawn  :—S.  P.  Bnrford^  B.  B.  Clarke^,  N.  M.  Falkiner, 
Alexander  Gait,  tTohn  Innes,  Alfred  Neild,  Walter  F.  Pankhnrst, 
Forbes  Riekard,  Newton  Samnelson,  S.  D.  Titmas,  W.  Weeton,  G. 
H.  With,  and  Charles  Williamft. 

The  financial  state  of  the  Society  is,,  as  jon  will  present) j  hear 
from  the  Treasurer,  very  satisfactory. 

The  sam  of  £236  IQs.  Id.  has  been,  daring  the  year,  expended  on 
the  purchase  of  books  and  periodicals,  and  a  further  sum  of  £B7  lOs. 
on  additional  book  shelves.  The  following  table  shows  the  numerical 
strength  of  our  Library  as  compared  with  last  year  : — 


March  Slst, 
1889. 

Additions  in 
1889-90. 

Present 

State. 

'Vnlii'miM  n$  ttvmkt^TnniAii-  workft*  .  • 

2,922 
5,474 
1,084 

1,426 

160 

193 

51 

24 

8,032 
5,667 
1,135 

1,460 

Volumes  of  ioumals  .•••.«..».« 

Tolames  of  duplicate  journals  for  cir- 
culation 
Pamphlets 

10,906 

428 

11,884 

For  the  judicious  increase  to  our  Library,  the  Society  is  much 
indebted  to  the  Library  Committee,  who  are  most  energetic  and 
prompt  in  their  action,  selecting,  I  believe,  with  much  judgment,  the 
books  which  should  be  added  to  our  shelves,  and  declining  a  still 
larger  number,  which,  from  their  character,,  or  only  slight  relation  to 
chemical  science,  are  not  worthy  of  a  place  in  our  Library. 

In  addition  to  the  very  considerable  number  of  new  books  added 
during  the  year,  I  would  note  that  a  very  important  addition  of  older 
works  on  chemistry  has  been  made,  partly  by  purchase,  but  to  a  very 
considerable  extent  by  the  generosity  of  some  of  our  Fellows  and 
others.  Books  of  this  kind,  it  is  well  known,  are  becoming  every 
day  more  difficult  to  obtain,  and  your  Committee  lose  no  favourable 
opportunity  of  securing  such  volumes  as  are  really  illustrative  of  the 
development  of  our  Science  ;  still,  for  the  Society  to  possess  a  really 
complete  collection  of  historical  works  on  chemistry — ^and  this  is 
certainly  an  object  of  much  importance — we  must,  to  a  considerable 
extent,  appeal  to  the  generosity  of  our  Fellows ;  and  I  would  remind 
them  how  much  the  value  and  interest  of  an  old  book  are  increased 
when  it  becomes  the  integral  part  of  a  series  of  historical  works,  such 
as  our  Society  already  possesses. 

2  G  2 
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At  the  present  time  our  Library  is,  I  believe,  more  complete,  witli 
respect  to  chemical  works,  than  any  other  library  with  which  it  can  be 
fairly  compared :  bnt  this  is  not  sufficient ;  it  must  be  a  library  which 
possesses  not  only  all  modern  chemical  books  of  real  value  to  the 
investigator,  and  to  the  student,  but,  in  addition  to  this,  it  must 
contain  all  books  required  to  trace,  even  in  detail,  the  growth  and 
development  of  chemical  science. 

There  is  still  another  numerical  statement  which  it  is  my  duty  to 
lay  before  you :  it  is  with  regard  to  the  number  of  communications 
which  have  been  made  to  the  Society  during  the  year.  Last  year  75 
original  papers  were  published  in  our  Transactions,  this  year,  that  is, 
since  the  last  anniversary  meeting,  72.  The  papers  last  year  occupied 
in  our  annual  volume  895  pages,  this  year  772  pages.  The  total 
number  of  papers  communicated  to  the  Society,  all  of  which  appeared 
either  in  full  or  in  abstract  in  the  Proceedings,  is  100,  and  this  number 
is  3  less  than  last  year.  The  number  of  absti-acts  of  papers  published 
this  year  is  considerably  less  than  last  year,  when  it  was  exceptionally 
large ;  the  number  this  year  is  2131,  last  year  it  was  2470 ;  this  year 
they  occupy  1252  pages,  last  year  1351  pages ;  thus  our  Journal  is 
somewhat  smaller  this  year  than  last,  but  as  compared  with  former 
years  retains  its  usual  size,  and,  I  certainly  may  add,  its  high 
character. 

The  Publication  Committee  spare  neither  time  nor  labour  to  make 
the  Journal  as  perfect  as  possible,  and  their  efforts  are  well  seconded 
by  our  able  Editors.  The  literature  of  our  science  now  grows  so 
rapidly,  that  even  our  2000  abstracts  are  not  sufficient  to  do  full 
justice  to  it,  the  number  will  have  to  be  increased,  and  we  intend 
that  this  increase  shall  include  a  more  complete  and  detailed  account 
of  the  analytical  side  of  our  science. 

I  cannot  leave  the  subject  of  our  publications  without  calling  your 
attention  to  the  P^roceedings,  as  they  are  now  shortly  named.  They 
have  now  existed  for  nearly  six  years,  and  are  a  most  valuable 
adjunct  to  our  Journal,  serving  to  give  as  wide  and  as  important 
a  publicity  to  a  paper  as  the  Transactions,  and  at  the  same  time  to 
afford  a  rapidity  of  publication  not  exceeded  by  that  of  any  scientific 
journal.  I  think  I  may  add  that  no  Society  can  boast  of  publications 
more  complete,  thoroughly  useful,  and  up  to  date,  than  ours. 

In  the  volumes  of  our  Journal  we  have  a  tolerably  complete  account 
of  the  contributions  made  by  British  chemists  dnring  the  last  half 
century  to  scientific  chemistry,  and  I  think  that  anyone,  on  glancing 
through  these  volumes,  will  be  struck  with  the  large  amount  of 
thoughtful  and  accurate  work  there  recorded,  work  which  is  still  of 
high  value  to  the  original  investigator  and  to  the  student. 

The  increasing  difficulty  of  ascertaining  what  has  already  been 
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accomplished  on  any  subjecfc,'  the  loss  of  time  arising  from  doing 
what  has  already  been  done,  is  felt  bj  all  workers,  and  I  should, 
therefore,  like  to  mention  to  you  a  proposition  which  has  been  made, 
namely,  that  the  most  fitting  memorial  which  the  Society  con  Id 
institute  of  its  Jubilee,  which  occurs  next  year,  wcNild  be  the  pre- 
paration of  a  complete  subject  catalogue  of  its  Journal  from  its 
commencement.  That  such  a  work  is  practicable,  and  that  the 
Society  has  the  means  for  carrying  it  out,  there  is  no  doubt,  and  I 
cannot  but  think  that  to  render  easy  of  accesa  the  large  store  of 
information  contained  in  onr  Journal  would  repay  even  the  great 
labour  and  expense  of  so  serious  an  undertaking. 

In  his  address  last  year  the  President  had  the  pleasure  of  announcing 
that  the  Davy  Medal  of  the  Royal  Society  had  both  that  year  and  in 
the  preceding  year  been  awarded  to  Fellows  of  our  Society,  and  I  am 
sure  we  all  heartily  confirmed  the  choice  of  Mr.  Newlands  and  Mr. 
Grookes  as  worthy  recipients  of  this  high  honour.  I  am  happy  to  be 
able  to-day  to  state  that  this  year  still  greater  honour  has  fallen  to 
our  Society,  for  not  only  has  a  Dary  Medal,  but  also  a  Boyal  Medal, 
been  awarded  to  Fellows  of  our  Society,  and  I  am  sure  we  all  rejoice 
that  the  important  inTestigations  of  Dr.  Perkin  and  of  our  Treasurer, 
ProfesMor  Thorpe,  have  met  with  so  well  deserved  a  recognition  of 
their  value. 

There  are  still  some  matters  intimately  connected  with  the  working 
of  the  Society  which  call  for  remark  on  this  occasion;  one  is  the 
change  which  now,  for  the  first  time,  occurs  with  regard  to  our  meet- 
ing to-day.  The  anniversary  meeting  has,  I  believe,  hitherto  always 
been  an  evening  meeting,  and  I  am  sure  all  who  heard,  and  all  wiio 
have  since  read,  the  address  which  my  predecessor  then  gave,  recouut- 
ing  the  achievements  of  the  spectroscope  in  the  difficult  investigation 
of  the  rare  earths,  will  remember  how  he  converted  a  prosaic  business 
meeting  into  one  of  more  than  ordinary  scientific  interest ;  but  the 
Council,  while  far  from  desiring  to  discourage  such  communications, 
considered  that  it  would  be  of  advantage  to  the  Society  in  general  to 
follow  the  example  of  other  societies,  and,  on  the  anniversary,  have 
two  meetings,  one  in  the  afternoon  for  the  transaction  of  the  Society's 
business,  and  hearing  the  annual  report,  and  the  other  of  a  social 
character,  at  which  the  Fellows  and  their  friends  would  dine  together. 
This  alteration  will,  doubtless,  tend  to  bring  a  large  number  of  oar 
Fellows  together,  and  we  hope  that  many  of  those  not  resident  in 
London  will  feel  it  to  be  a  duty,  as  well  as  a  pleasure,  to  attend  at 
least  the  annual  evening  meeting  of  the  Society. 

The  admirable  lecture  which  we  heard  at  our  last  meeting,  from 
Professor  Judd,  will  be  fresh  in  your  minds,  and  I  am  sure  the  Society 
feels  how  much  it  is  indebted  to  him  for  his  discourse.     It  is  as  far 
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back  as  1854  that  the  Council  first  established  the  occasional  deliyerj 
of  lectures  in  place  of  the  reading  of  papers,  in  order,  as  the  minute 
states,  to  give  additional  interest  to  the  meetings  of  the  Society. 
An  important  ^change  has  gradually  occurred  with  regard  to  the 
subjects  for  these  lectures.  At  first  they  were  of  a  purely  chemical 
character,  and  the  lectures  were  given  only  by  Fellows  of  our  Society ; 
now  the  subjects  chosen  belong  rather  to  the  border-land  of  our 
science  than  to  pure  chemistry ;  and  the  lecturers  of  late  have  not 
been  Fellows  of  our  Sociely.  The  strikingly  important  and  interest- 
ing disoourBes  which  we  have  of  late  had,  in  one  case  from  a  physicist, 
and  in  another  from  a  geologist,  well  illustrate  the  great  importance 
at  the  present  day  of  an  intimate  communication  among  those  who 
are  working  at  different  branches  of  science. 

One  other  matter  connected  with  the  working  of  the  Society  I  must 
mention,  and  that  is  the  proposed  to  hold  an  extra  meeting  on  the 
8th  May  next,  to  be  devoted  to  the  exhibition  of  new  forms  of  appa- 
ratus. In  all  active  laboratories  there  is  to  be  found  apparatus  which, 
from  time  to  time,  has  been  devised  generally  to  meet  some  special 
requirement;  and,  although  it  may  completely  have  answered  its 
purpose,  still  the  invenftor  does  not  consider  it  worthy  of  record,  and 
it  is  never  known  beyond  the  laboratory  where  it  was  invented. 
Probably  still  more  numerous  are  the  modifications  of  older  forms  of 
apparatus  which  never  become  known ;  it  is,  therefore,  hoped  that 
much  information  of  a  very  substantial  value  will  be  disseminated 
by  our  devoting  an  evening  to  the  exhibition  and  examination  of 
apparatus  such  as  I  have  described. 

I  do  not  propose  to-day,  taking  as  my  test  the  number  of  original 
papers  communicated  to  the  Society,  discussing,  as  so  many  of  my 
predecessors  have  done,  the  positiom  of  original  research  in  this 
country ;  but  I  do  desire  to  make  some  remarks — and  they  shall  be 
brief — on  another  subject,  and  one  which  is  not  of  less  importance, 
both  to  this  country  and  to  ikia  Society :  it  is  that  of  teaching 
chemistiy ;  the  subject  is  a  wide  one,  but  my  remarks  will  be  directed, 
so  far  as  it  is  possible,  to  only  one  phase  of  it — ^that  of  teaching 
chemistry  to  tho  students  of  medicine.  I  do  not  know  that  anyone 
would  advocate  the  present  system  of  instruction  as  perfectly  satisfac- 
tory, but  there  are  some,  I  believe,  who  would  advocate  the  omission 
of  chemistry  altogether  from  the  education  of  the  medical  student,  and 
certainly  would  affirm  that  it  is  of  little,  if  any,  use  to  the  ordinary 
medical  practitioner,  supporting  this  view  by  the  fact  that  both  medicine 
and  surgery  are  successfully  practised  by  those  who  have  no  chemical 
knowledge.  The  value  of  this  opinion  I  will  not  stop  to  discuss  here, 
but  would  simply  note  the  fact  in  passing ;  for  it  does  not  seem  always 
to  be  acknowledged  that  the  fundamental  action  of  medicines,  the  origin 
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of  tbeir  power,  is  a  chemical  change,  and,  hidden  and  complicated  as 
these  changes  may  be,  they  must  ever  retain  their  chemical  character. 
That  an  empirical  knowledge  of  the  resalts  of  such  changes  can,  in 
many  cases,  be  gained  by  continued  experiment  is  true,  bat  if  an 
understanding  and  appreciation  of  results  is  to  be  sought  for,  then 
the  first  step  must  be  to  learn  the  chemical  natore  of  the  bodies 
employed,  and  the  laws  which  govern  chemical  action. 

Chemistry  has,  however,  another  claim  for  being  studied,  in  addi- 
tion to  its  furnishing  so  many  of  the  elementary  facts  on  which 
medicine  rests  :  it  is  that  a  better  schooling  could  not  be  devised  for 
the  student  of  medicine  than  a  study  of  these  facts  in  their  simplest 
form.  Chemistry  has  now  become  so  far  an  exact  science,  and  the 
phenomena  with  which  it  deals  so  easily  lend  themselves  to  repetition 
and  confirmation,  that  it  is  capaUe  of  being  taught  in  a  way  which, 
as  a  mental  exercise,  is  of  the  highest  value ;  and  in  the  case  of  the 
student  of  medicine  this  mental  training  can  be  combined  with  the 
acquirement  of  knowledge  which  in  itself  is  directly  useful,  not  to 
say  absolutely  necessary,  for  him  to  possess. 

Attention  has  lately  been  drawn  to  the  teaching  of  chemistry, 
especially  in  schools,  by  the  Reports  of  the  British  Association  Com- 
mittee on  this  subject,  and  it  is  difficult  to  over-estimate  the  im- 
portance of  encouraging  good  school  teaching,  for  not  only  does 
school  teaching  exercise  an  important  influence  ou  the  extent  of 
knowledge  of  the  science,  but  also  on  the  appreciation  of  it.  Impress 
schoolboys,  by  bad  teaching,  that  chemistry  is  not  worth  learn- 
ing, and  you  have  given  them  an  impression  which  the  majority 
will  never  get  over ;  and  the  reverse  is  true  :  an  intelligent  teaching 
of  the  elements  of  the  science  leads  to  a  study,  in  after  life,  of  the 
higher  branches  of  the  subject.  The  teaching  of  chemistry,  as  a  part 
of  school  education,  is  of  late  date,  and,  even  now,  is  restricted  very 
much  to  the  larger  and  more  advanced  modem  schools. 

In  the  first  Report  of  the  Committee  before  alluded  to,  it  is  stated 
that  of  the  schools  which  answered  a  circular  requesting  information 
as  to  their  science  teaching,  and  which  represented  some  23,350 
pupils,  only  36  per  cent,  of  these  received  chemical  instruction ;  add 
to  these  all  the  other  pupils  at  schools  from  which  no  reply  was 
received,  and  at  which  probably  little  or  no  chemistry  was  taught, 
and  the  total  number  learning  chemistry  must  be  far  below  36  per 
cent.;  there  is,  however,  every  reason  to  believe  that  the  number, 
small  though  it  be  at  present,  is  rapidly  increasing.  In  addition  to 
this  school-teaching,  it  is  not,  I  think,  generally  known  how  large  an 
amount  of  chemical  instruction  is  stimulated  and  directed  by  the 
Science  and  Art  Department.  At  the  present  time  the  students  in 
these  chemical  classes  must  number  very  nearly,  if  not  quite,  30,000, 
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and  it  will  give  some  idea  of  the  activity  of  these  classes  when  I  say 
that  at  the  last  annual  examination  the  students  sent  in  25,400 
examination  papers,  and  that  the  elementary  classes  in  practical 
chemistry  required  no  less  an  amount  of  solid  substances  for  analysis 
than  2^  cwt. 

That  this  systematic  teaching  of  chemistry,  so  widely  diffused  over 
the  whole  country  and  so  largely  increaaing  every  year,  exercises  a 
very  important  and  very  beneficial  influence  is  beyond  doubt. 

At  a  previous  Anniversary  Meeting,  my  predecessor  pointed  out 
how  detrimental  to  the  study  of  chemistry  in  schools  would  be  the 
adoption  of  the  new  scheme  of  marks  proposed  for  certain  entrance 
examinations  at  Sandhurst  and  at  Woolwich,  for  while  as  many  as 
3000  marks  could  be  obtained  for  mathematics,  either  compulsory 
or  optional,  and  also  for  Latin,  French,  and  German,  only  2000 
could  be  obtained  for  chemistry,  thus  rendering  it  a  second  class 
optional  subject,  and  giving  it  a  position  which  would  induce  very 
few,  if  any,  boys  to  study  it.  I  am  huppy  to  say  that  this  scheme 
has  been  revised,  and  that  chemistry  now  takes  a  far  better  position, 
for  it  will  now  be  on  a  level,  as  far  as  marks  are  concerned,  with  the 
other  subjects,  excepting  mathematics.  It  still,  however,  remains 
only  an  optional  subject,  while  Latin,  French,  or  German  are  com- 
pulsory ones.  It  is,  I  believe,  to  one  of  our  Fellows,  Sir  H.  Boscoe, 
that  we  are  principally  indebted  for  this  change  of  scheme,  which  is 
one  of  no  small  importance. 

Another  question  with  regard  to  the  school  teaching  of  chemistry, 
and  one  of  even  greater  importance  than  that  of  the  number  taught, 
is,  how  is  it  taught ;  is  the  character  of  the  teaching  the  best  that  can 
be  devised  ?  On  this  point  we  must  bear  in  mind  what  I  alluded  to 
just  now,  the  very  recent  introduction  of  chemistry  as  a  school 
subject ;  it  could  hardly  be  expected  that  teachers,  even  if  they  had 
been  allowed  a  free  hand,  and  could  have  carried  out  the  systems 
they  believe  to  be  best,  would,  without  experience,  have  adopted  the 
most  perfect  methods  of  instruction ;  but  the  free  hand  undoubtedly 
has  not  been  allowed  to  them,  and  they  have  been  weighted  by  a 
want  of  means,  a  want  of  time,  and  in  some  cases  a  want  of  know- 
ledge ;  consequently  much  of  the  instruction  has  been  of  a  character 
far  from  perfect :  it  neither  encouraged  accuracy  of  thought,  power 
of  observation  and  deduction,  nor  did  it  add  to  the  pupil's  knowledge 
of  what  was  likely  to  be  of  use  or  interest  to  him.  That  chemistry 
can  be  taught  to  boys  so  that  it  is  a  mental  training  certainly  not 
inferior,  I  think  I  may  say  superior,  to  any  other  subject  on  his  list 
of  studies,  is  now  admitted  by  many  who  have  considered  fully  this 
question,  and  all  allow  that  the  facts  of  the  science  can  be  presented 
to  young  students  in  a  way  that  not  only  opens  out  to  many  a  new 
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and  nnsnspected  world,  but  gires  to  all  information  that  is  of  use  and 
interest. 

I  must  again  refer  to  the  Reports  of  the  British  Association  Com- 
mittee, in  order  to  call  yonr  afcteotion  to  a  scheme  which  that 
Committee  haye  endorsed,  bat  which  has  beea  drawn  up  bj  Professor 
Armstrong,  indicating  the  line  and  the  spirit  which  should  be  adopted 
in  elementary  teaching.  I  believe  that  chemical  teaching  in  the 
future  will  be  of  the  kind  and  character  here  indicated,  and  if  this 
scheme  leads,  as  it  must  do,  to  a  more  thoughtful,  accurate,  and 
logical  way  of  teaching  chemistry,  it  will  accomplish  a  most  im- 
portant work,  and  will,  without  doubt,  largely  increase  the  number 
of  persons  who  sympathise  with  the  objects  of  our  Society.  I  have 
dwelt  on  this  part  of  the  subject  because  I  want  you  to  feel  that  even 
if  the  school  teaching  has  been  imperfect,  attention  is  now  drawn  to 
it,  and  we  may  be  confident  that,  as  each  year  passes,  not  only  will 
the  number  of  students  of  our  science  increase,  but  that  the  quality  of 
the  teaching  will  improve,  and  this  is  essential  to  the  suggestions  I 
am  about  to  make  with  respect  to  the  students  of  medicine. 

The  schoolboy  becomes  the  medical  student,  and  once  entered  on 
this  line  of  study,  the  work  before  him  is  large,  and  appears  to  be 
increasing.  Among  the  multitude  of  subjects  for  study  forced  upon 
the  student,  is  it  necessary  that  chemistry  should  be  one  ?  May  it 
not  be  a  subject  from  which  the  ordinary  practitioner  can  be  relieved, 
and  be  reserved  only  for  those  who  are  studying  the  higher  branches 
of  the  profession  ?  The  answer,  I  think,  is,  clearly  and  emphatically, 
"  No."  A  knowledge  of  the  nature  of  the  agents  with  which  he  is  to 
deal,  a  knowledge  of  the  laws  by  which  their  changes  are  ever  regu- 
lated, must  in  all  cases  form  the  real  basis  on  which  his  af ter-acqaired 
learning  is  to  rest.  I  value,  also,  as  most  precious  to  the  student,  the 
opportunity  which  the  study  of  chemistry  affords  him  of  learning 
how  accurate  knowledge  is  obtained  from  experiment,  and  how 
investigations,  if  they  are  to  lead  to  useful  results,  must  be  carried 
on. 

That  a  wide  knowledge  of  the  science  is  necessary  for  the  student 
I  do  not  think  is  the  case ;  his  knowledge  should  be  a  knowledge  of 
elementary  principles,  but  principles  learnt  in  such  a  way  that  he  has 
grasped  their  real  meaning  and  can  apply  them  to  new  cases. 

Chemists  in  the  past  have,  I  think,  unduly  urged  an  extensive 
knowledge  of  their  science  as  necessary— have,  in  fact,  been  inclined  to 
consider  that  every  medical  man  should  be  a  fully  educated  and 
experienced  chemist. 

There  is  no  doubt  the  knowledge  which  this  implies  would  be  moat 
useful,  and,  no  doubt,  he  would  have  many  opportunities  of  using 
such  knowledge,  both  for  his  own  advantage  and  also  for  the  exten- 
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sion  of  science ;  bat,  after  all,  the  time  for  study  is  but  short,  and  the 
problem  really  is,  what  is  it  most  important  the  student  should 
learn  ? 

For  my  own  part,  I  willingly  relinquish  the  idea  of  making  him  a 
chemist,  but  most  pertinaciously  do  I  adhere  to  the  statement  that  he 
must  be  well  trained  in  elementary  chemistry.  The  importance  of 
starting  on  right  lines  and  on  right  principles  applies  with  much 
force  to  the  student ;  encourage  him  to  look  upon  elementary  know- 
ledge as  of  no  use,  on  the  methods  by  which  knowledge  is  gained  from 
experiment  as  of  no  avail  to  him,  and  you  are  educating  men  to 
become  empiricists,  not  fitting  them  to  become  observant  and 
reasoning  human  beings. 

You  will  bear  in  mind  I  am  speaking  of  what  is  the  smallest 
amount  of  chemical  knowledge  which  should  be  considered  sufficient 
for  the  ordinary  student  of  medicine.  A  student  who  desires  a  wider 
knowledge  of  physiology  must  extend  his  knowledge  of  chemistry — 
the  two  cannot  be  parted  ;  but  the  commencement  of  the  study  would  be 
the  same  for  all,  and  I  believe  it  should  be  made  at  school  or  before  the 
student  enters  a  medical  college ;  in  fact,  I  think  that  chemistry  should 
be  placed  in  the  same  category  as  the  subjects  of  general  education 
and  made  an  obligatory  subject  in  the  preliminary  examination.  It 
would  be  necessary  clearly  to  define  the  extent  and  character  of  the 
teaching  required  for  preparing  candidates  for  such  an  examination, 
and  I  am  convinced  that  all  our  leading  schools  wonld  gladly  under- 
take such  teaching,  and  I  think  would  profit  by  the  definite  task  thus 
set  before  them.  One  point  with  regard  to  this  teaching  is  of  much 
importance  :  it  is  that  it  must  not  be  in  any  way  technical ;  it  must, 
as  far  as  possible,  deal  with  simple  elementary  principles,  and  not  be 
a  cramming  of  the  pupil  with  useful  practical  facts. 

The  testing  of  the  candidate's  knowledge  mast  be  a  reality,  not  a 
fiction ;  it  must  be  done  with  thought  and  judgment,  partly  by  written 
papers  and  partly  by  interrogation ;  no  restriction  I  fear  as  to  how  or 
when  the  knowledge  had  been  gained  could  be  enforced ;  the  examina- 
tion alone  must  determine  whether  the  knowledge  in  extent  and 
character  is  up  to  the  required  standard.  In  this  way  it  would  be 
insured  that  all  students  on  commencing  their  medical  studies  would 
have  some  knowledge  of  chemistry,  and  then  the  teacher  at  the  medical 
schools  would  commence  his  instruction  at  a  higher  level  than  at 
present ;  he  might  assume  that  his  students  were  familiar  with  the 
rudiments  of  the  science,  were  familiar  with  the  terms  employed,  and 
had  some  idea  of  how  knowledge  was  derived  from  experiment.  Even 
under  these  more  favourable  conditions  the  extent  of  chemistry  to  be 
taught  should,  compared  to  the  whole  science,  be  but  small;  the 
elementary  principles  which  had  before  been  indicated  woald  now  be 
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extended,  enforced,  and  more  fnllj  illastrated,  the  illustrations  being 
drawn  bj  preference  from  changes  with  which  the  student  is  or  will  be 
most  familiar ;  in  this  sense  the  teaching  wonld  have  a  technical  bias. 
With  regard  to  the  extent  to  which  this  chemical  teaching  should  be 
carried,  the  conjoint  Board  of  the  two  Colleges  have,  I  believe,  at  the 
present  moment,  a  carefully  considered  syllabus  under  consideration 
indicating  the  range  of  chemical  knowledge  to  be  required  from  all 
students  of  medicine. 

Among  the  many  very  efficient  regulations  drawn  up  by  the  ex- 
amining Board  of  the  two  Colleges  there  is  one  against  which  I  wish 
to  protest.  In  all  cases  except  chemistry  the  Board  insists  that  the 
subject,  be  it  physiology,  anatomy,  or  medicine,  shall  have  been 
studied  at  a  recognised  medical  school,  thus,  as  it  seems  to  me,  most 
wisely  insisting  on  the  fact  that  every  student  presenting  himself  for 
examination  shall  have  carried  on  his  studies  under  efficient  in- 
structors and  at  places  properly  equipped  for  the  work  they  under- 
take. I  think  that  this  same  restriction  should  apply  to  chemistry. 
At  the  present  time  the  candidate,  on  presenting  himself  for  exam- 
ination, has  only  to  produce  a  certificate  stating  that  he  has  received 
chemical  instruction ;  if  only  qualified  persons  gave  certificates  they 
wonld  be  of  value ;  as  it  is,  I  fail  to  see  the  use  of  these  certificates. 
Further,  it  is  obvious  that,  if  examinations  were  perfect  and  showed 
exactly  the  mental  condition  of  the  candidates,  all  limitations  as  to 
place  of  study  would  be  unnecessary;  but  at  the  present  time  a  strong 
feeling  is  growing  up  that  a  most  valuable,  I  might  almost  say 
necessary,  adjunct  to  all  examinations  is  a  knowledge  of  where  the 
student  has  studied,  and  a  guarantee  that  he  not  only  has  had  proper 
and  sufficient  opportunities  for  study,  but  also  that  he  has  made 
proper  use  of  such  opportunities.  To  waive  all  such  restrictions  in  the 
case  of  chemistry  does  not  seem  to  me  to  be  right ;  I  believe  the  re- 
striction is  very  beneficial,  as  applied  to  the  other  subjects  of  medical 
education,  and  that  a  theoretical  and  practical  subject  such  as 
chemistry  would  also  be  better  learnt  if  certain  restrictions  were  im- 
posed ;  at  the  same  time,  I  do  not  advocate  that  a  monopoly  should 
again  be  granted  to  medical  schools,  and  only  students  who  have 
learnt  chemistry  at  these  institutions  be  eligible  for  examination,  but 
I  would  oblige  every  candidate  to  produce  a  satisfactory  certificate 
from  an  efficient  and  properly  equipped  school  of  chemistry.  If  this 
cannot  be  done,  then  it  only  remains  for  everything  to  depend  on  the 
examination ;  it  must  be  far  more  searching  than  at  present,  and  in 
place  of  lasting  for  hours  it  must  last  for  days. 

I  am  convinced  that  it  would  be  of  great  advantage  to  the  student 
that  his  study  of  chemistry  should  occur  at  two  distinct  intervals. 
At  present,  with  many  students,  the  commencement  and  the  end  of 


Digitized  by  VjOOQIC 


436  ANNUAL  GENERAL  3IEETING. 

his  chemical  studies  are  embraced  within  a  few  months,  and  the 
subject  so  learnt  is  forgotten  within  a  still  shorter  period.  The 
more  gradual  absorption,  and  more  leisurely  assimilation,  of  the 
subject  is  required.  In  addition  to  the  chemical  teaching  already 
indicated,  in  every  medical  school  there  should  be  a  higher  class  for 
students  who  have  time  and  inclination  for  a  more  thorough  educa- 
tion ;  even  in  such  a  class  the  subject  must  still  be  treated  as  a  science, 
becoming  however  somewhat  more  technical  in  character,  and  it 
should  be  set  before  the  student  in  such  a  way  as  to  enable  him 
clearly  to  see  its  application  to  the  other  subjects  he  is  studying.  To 
a  far  greater  extent  than  is  the  case  at  present,  I  think  the  teacher  of 
physiology  and  the  teacher  of  chemistry  should  work  together ;  now 
the  student  looks  upon  the  chemistry  of  the  chemical  teacher  as 
something  distinct  and  not  nearly  so  necessary  as  the  chemistry  of 
the  physiologist ;  a  more  intimate  connection  between  the  two  would 
give  additional  interest  and  importance  to  the  teaching  of  both.  In 
the  foregoing  remarks  I  have  attempted  to  sketch  in  brief  outline 
what  I  think  should  be  the  course  of  chemical  instruction  for  medical 
students,  and  I  have  limited  my  suggestions  to  such  alterations  as  I 
believe  to  be  even  at  the  present  time  practicable.  The  perfecting 
of  this  or  any  other  scheme  can  only  be  done  satisfactorily  by  those 
who  are  actively  engaged  in  teaching,  and  who  understand  what  the 
aims  of  education  are,  freely  discussing  the  subject.  Medical 
teachers  have  looked  upon  the  chemist  as  an  outsider,  not  to  say  an 
intruder,  and  alarmed  by  the  demands  which  the  chemist  has  made 
on  the  student's  time,  have  endeavoured  to  exclude,  as  far  as  they 
could,  all  chemical  teaching.  At  the  present  time  I  think  a  more 
rational  feeling  is  springing  up  on  both  sides ;  each  is  acknowledging 
the  importance  of  the  other's  teaching.  No  cultivator  or  teacher 
of  any  branch  of  science  can  now  stand  alone ;  the  connection  and 
diffusion  of  one  science  into  others  is  one  of  the  most  marked  features 
of  the  time,  and  the  border-lands  of  many  sciences  which  but  a  few 
years  ago  were  unexplored  and  nncared  for  have  now  become  ground 
of  great  value  and  importance.  I  would  even  admit  that  formerly, 
when  the  prescribed  time  for  study  was  less  than  at  present,  the 
chemist  may  have  asked  for  more  than  his  due  share  of  it — not 
that  the  student  ever  acceded  to  this  demand — and  further  that  the 
teaching  was  not  always  well  adapted  to  the  requirements  of  the 
case.  The  science  had  then,  as  it  has  now,  difilculties  in  its 
teaching:  formerly,  when  of  much  smaller  extent,  the  student 
listened  to  a  categorical  account  of  nearly  all  the  well-known  com- 
pounds of  well-established  elements,  and  the  lecturer  was  glad  if 
his  knowledge  supplied  him  with  a  sufficient  number  of  facts  to 
fill  his  lectures  from  October  till  April ;  now  the  difficulty  is  of  an 
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opposite  kind — the  lecturer  is  overwhelmed  with  the  abnndflnce  of 
material,  and  this  demands  from  him  a  great  amount  of  thought 
and  judgment  to  enable  him  to  select  the  materials  which  best 
illustrate  the  most  important  elements  of  his  science.  The  day  for 
lectnres  to  be  a  mere  recital  of  facts  is  past ;  the  facts  are  alwajs  to 
be  found  in  text-books.  Now  the  lecturer  must  give  a  living 
account  of  the  principles  of  his  science,  grouping  and  marshalling 
his  facts  so  as  to  show  how  general  conclnsions  are  arrived  at.  That 
most  important  adjunct  to  lectures  on  chemistry,  experiment,  if  it 
is  really  to  serve  its  purpose,  requires  not  less  thought  and  judgment 
than  the  subject-matter  itself.  The  text-book  must  supplement  the 
teaching  of  the  lecturer,  but  at  the  present  time  efficient  aid  of  this 
kind  is  not  supplied  to  the  student  of  medicine.  It  is  memberH  of 
our  Society  who  can  best  realise  the  advantages  to  be  derived  from 
a  careful  and  accurate  study  of  chemistry ;  it  devolves  then  upon 
them,  while  not  blind  to  the  importance  of  other  studies,  to  advocate 
chemistry  taking  its  proper  place,  and  being  properly  taught  not  only 
to  the  medical  student,  but,  as  a  branch  of  general  education,  to  all 
other  students. 


Sir  F.  A.  Abel  proposed  a  vote  of  thanks  to  the  President,  coupled 
with  the  request  that  he  would  allow  his  address  to  be  printed ; 
Professor  Emerson  Reynolds  seconded  the  motion ;  Mr.  Cassall  also 
spoke  on  behalf  of  the  motion,  which  was  carried  by  acclamation. 
The  President  having  acknowledged  the  vote, 

Professor  Thorpe,  the  Treasurer,  gave  an  account  of  the  financial 
position  of  the  Society.  The  receipts  by  admission  fees  and  subscrip- 
tions had  been  £3637  ;  by  sale  of  the  Journal  £377  3«. ;  and  by  divi- 
dends on  invested  capital  £340  10«.  9d.  The  expenses  on  account  of 
the  Journal  had  been  £2310  IBs.  dd. ;  on  account  of  the  Proceedings, 
£177  4s.  7d. ;  on  account  of  the  Library,  £420  8*.  lid. :  the  total 
expenditure  being  £3578  ISs.  Sd.  £530  had  been  invested  in  Me- 
tropolitan Board  of  Works  3^  per  cent,  stock,  and  the  balance  in 
hand  was  £2036  2$.  7d,  as  against  £1833  ISs,  6d,  at  the  correspond- 
ing period  last  year. 

Dr.  H.  Miiller  proposed  that  the  thanks  of  the  Fellows  be  tendered 
to  the  Treasurer  for  his  services  during  the  past  year ;  the  motion 
was  seconded  by  Professor  Dunstan.  Professor  Thorpe,  after  reply- 
ing, proposed  a  vote  of  thanks  to  the  Auditors,  Messrs.  R.  H.  Davies, 
Bernard  Dyer  and  R.  J.  Friswell ;  this  was  seconded  by  Mr.  F.  J. 
M.  Page  and  acknowledged  by  Mr.  Davies. 

A  vote  of  thanks  to  the  Officers  and  Council,  havinjo;  been  proposed 
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by  Mr.  Carteighe  and  seconded  by  Professor  Ramsay,  was  acknow- 
ledged by  Professor  J.  M.  Thomson. 

Mr.  Waringfcon  moved  tbat  thanks  be  tendered  to  the  Editors,  Ab- 
stractors and  Librarian;  Mr.  Pickering  seconded  the  motion;  Mr. 
Groves  replied. 

Mr.  T.  Fairley  and  Mr.  W.  Thorp  having  been  appointed  scruta- 
tors, a  ballot  was  taken,  and  as  result  the  following  were  declared 
elected  as  Officers  and  Council  for  the  ensuing  session : — 

,  President:  W.  J.  Russell,  Ph.D.,  F.R.S. 

Vice-Prestdfrnts  who  have  filled  the  office  of  President :  Sir  F.  A.  Abel, 
C.B.,  D.C.L.,  F.R.S. ;  W.  Crookes,  F.R.S. ;  B.  Frankland,  D.C.L., 
F.R.S. ;  J.  H.  Gilbert,  Ph.D.,  F.R.S.;  J.  H.  Gladstone,  Pb.D., 
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Playfair,  Ph.D.,  K.C.B.,  F.R.S. ;  Sir  H.  E.  Roscoe,  LL.D.,  F.R.S. ; 
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OBITUARY    NOTICES. 


Wabben  Db  La  Rub,  bom  in  Guernsey  on  the  18tli  January,  1815, 
was  the  son  of  the  late  Mr.  Thomas  De  La  Rue,  founder  of  the  firm 
of  Thomas  De  La  Rue  <fe  Co.,  Bunhill  Row,  London,  well-known  as 
manufacturers  of  stationery,  Goyemment  stamps,  bank  notes,  <fec. 

Afler  having  received  his  education  at  the  College  of  St.  Barbe, 
Paris,  Warren  De  La  Rue,  whilst  yet  a  lad,  entered  his  father's 
business,  where  his  special  talents  found  a  fertile  field  for  activity. 
The  keen  interest  in  chemistry  and  physics  which  he  evinced  at  an 
early  age  met  with  every  encouragement  from  his  father,  and  with 
great  enthusiasm  he  devoted  his  leisure  to  their  stady,  accompanied 
by  experiments  in  the  laboratory,  in  which,  as  occasion  arose,  the 
physical  apparatus  was  devised  by  himself,  and  made  by  his  own 
hands.  As  no  other  opportunities  were  available  in  those  days,  he 
bad  to  acquire  his  knowledge  in  these  respects  entirely  by  private 
study;  and  he  had  the  satisfaction  of  making  practical  use,  in 
manufacturing  processes,  of  the  knowledge  acquired  in  these  scien- 
tific pursuits.  His  acquaintance  with  electricity  led  to  an  early 
employment  of  what  was  then  the  recent  discovery  of  Jacobi  and 
Spencer ;  and  the  practical  application  of  gal  vanoplas  tics  or  electro - 
typing,  in  the  factory  at  Bunhill  Row  is  probably  one  of  the  first  on 
record. 

Although  chemistry  and  physics  were  his  favourite  studies,  he 
manifested  a  marked  aptitude  for  mechanics;  one  of  his  great 
achievements  in  this  direction  was  the  construction  of  the  first 
envelope  machine,  of  which  Mr.  Edwin  Hill  and  he  were  the  joint 
inventors,  and  which  was  one  of  the  engrossing  attractions  in  the 
International  Exhibition  of  1851. 

Notwithstanding  his  business  occupations,  he  found  time  to  go 
through  a  course  of  practical  chemistry  in  the  then  recently  estab- 
lished College  of  Chemistry,  and  this  led  to  an  intimate  and  lifelong 
friendship  with  Professor  Hofmann,  with  whom  he  subsequently 
became  associated  in  the  drawing  up  of  the  Report  in  the  Chemical 
Section  of  the  Great  Exhibition  of  1851.  While  at  the  College  of 
Chemistry,  he  finished  his  chemical  investigation  of  the  colouring 
matter  of  cochineal,  which  was  published  in  the  Chemical  Society's 
Memoirs,  1845.  About  this  time  he  also  began  to  take  an  active 
interest  in  the  pursuits  of  the  Microscopical  Society,  and  subsequently 
became  much  engrossed  in  Astronomy.  Being  gifted  by  nature  with 
a  remarkable  sense  of  neatness  and  exactitude  in  work,  associated 
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as  it  was  with  great  aptitude  for  mechanics  and  skill  in  drawing,  he 
felt  himself  especially  attracted  to  practical  astronomy.  At  first,  he 
directed  his  attention  to  the  improvement  of  the  contrivances  for 
constructing  reflecting  telescopes,  and  this  resulted  in  the  erection 
at  Canonbury,  Islington,  of  a  small  observatory,  with  a  fine  13-inch 
Newtonian  reflector  mounted  equatorially  after  his  own  designs,  and 
made  in  his  own  workshops.  The  perfection  he  attained  in  the 
casting,  grinding,  figuring,  and  polishing  of  the  mirror  were  much 
appreciated  by  those  specially  interested  in  such  work.  At  the  outset, 
he  occupied  himself  with  accurate  micrometrical  measurements  and 
graphic  observations,  in  order  to  delineate  the  planets,  which  enabled 
him  to  produce  exquisite  dra^vings  of  Jupiter,  Saturn,  and  Mars ;  these 
he  outlined  on  steel,  and,  after  being  finished  by  the  engraver  under 
his  personal  directions,  they  were  printed  for  private  distribution. 
Thus  engaged,  the  employment  of  photography^  for  such  purposes 
suggested  itself  to  him,  and  after  working  out  the  photographic  pro- 
cesses so  as  to  make  them  available,  his  efforts  were  crowned  by  the 
production  of  the  well-known  beautiful  photographs  of  the  moon. 

In  1867,  the  telescope  was  removed  to  a  larger  observatory,  which 
he  erected  at  Cranford,  Middlesex,  where  he  then  resided,  and  for 
years  the  resonrces  of  this  observatory  were  devoted  to  the  steady 
development  and  study  of  celestial  photography  and  its  application 
to  the  recording  of  astronomical  phenomena.  Although  absolute 
priority  is  not  claimed  for  this  application  of  photography,  Warren 
De  La  Rue  was  certainly  the  first  to  obtain  automatic  pictures  of  the 
moon  and  sun  sufficiently  delicate  in  their  detail  to  serve  for  precise 
micrometrical  measui*ement ;  these  measurements  he  made  with  a 
micrometer  which  he  invented  for  this  purpose,  thus  affording  nume- 
rical data  for  the  advancement  of  our  knowledge  of  the  physical 
character  of  these  bodies.  The  adaptability  of  photography  for  astro- 
nomical purposes  having  thus  been  demonstrated,  De  La  Hue,  in  1855, 
at  the  suggestion  of  Sir  John  Herschel,  designed  and  planned  the 
photoheliograph,  which,  with  aid  from  the  British  Association,  was 
constructed  and  mounted  at  the  Kew  Observatory  in  1857  for  the 
purpose  of  taking  photographs  of  the  sun.  With  this  instrument,  he 
joined  the  Himalaya  Eclipse  Expedition  to  Spain  in  1860,  and  took 
charge  of  the  photographic  station  erected  at  Rivabellosa.  He  was 
successful  in  obtaining  a  series  of  photographs  of  the  total  eclipse ^f  the 
sun  on  July  18th  of  that  year,  and  the  outcome  of  these  photographic 
results  formed  the  subject  of  the  Bakerian  lecture  delivered  by  him 
at  the  Royal  Society,  April,  1862.  Henceforward,  the  apparatus  and 
means  for  recording  by  photography  became  a  recognised  part  of  the 
equipment  for  the  observation  of  solar  eclipses.  In  1865,  in  con- 
junction with  Prolestor  Bulfour  Stewart  and  Dr.  B.  Loewy,  De  La 


Digitized  by  VjOOQIC 


ANNUAL  GENERAL  MEETING.  443 

Rue  pnblislied  at  his  own  expense,  for  private  circulation,  ^'  Researches 
in  Solar  Physics,"  Part  1,  in  which  various  conjrctores  respecting  the 
theory  of  snnspots  are  fully  discussed.  In  1866  Part  II,  and  in  1868 
an  Appendix  to  Part  II,  of  these  researches  were  issued  in  the  same 
manner.  All  were  published  in  the  Philosophical  Tramactions  of  the 
Royal  Society  for  1869  and  1870  as  "  Researches  in  Solar  Physics : 
I.  Heliographical  Positions  and  Areas  of  Sun  Spots,  observed  with  the 
Kew  Photoheliograph  during  the  Years  1862  and  1863.  II.  The 
Positions  and  Areas  of  the  Spots  observed  at  Kew  during  the  Years 
1864,  1865,  and  1866,  also  the  Spotted  Area  of  the  Sun's  visible  Disk 
from  the  commencement  of  1832'  up  to  May,  1868."  De  La  Rue  also 
took  an  active  part  in  the  preparation  for  the  photographic  observa- 
tion of  the  transit  of  Venus  in  1874.  The  photoheliograph,  after 
having  been  employed  for-  some  months  at  Cranford,  was  remounted 
at  Kew,  where  it  was  regularly  at  work  under  his  direction  until 
1873.  It  was  then  kept  for  some  time  at  Greenwich,  and,  finally, 
re-erected  at  Kew  in  1882  in  order  to  observe  the  sun  spots  on 
Schwabe's  methods,  for  which  purpose  it  is  still  employed. 

Although  enjoying  uninterrupted  good  health  for  many  yearn,  lie 
now  began  to  find  that  the  night  watching  in  the  Observatory  became 
more  irksome,  aud  he  no  longer  felt  able  to  undergo  the  fatigue 
and  exposure  entailed  by  such  work.  For  this  and  for  other  reasons, 
he  gave  up  his  residence  at  Cranford,  and  returned  to  London. 
The  observatory  having  to  be  dismantled,,  he  presented,  together 
with  a  quantity  of  other  valuable  apparatus,  his  equatorial  telescope 
to  the  University  of  Oxford.  This,  under  the  direction  of  Professor 
Pritchard,  in  the  new  University  Observatory,  has  since  been  chiefly 
employed  in  taking  photograms  of  the  moon,  with  the  view  of  deter- 
mining by  the  discussion  of  micrometrical  measuremen^iS  the  ine- 
quality in  the  moon's  rotation,  and  in  determining  by  means  of 
photography  the  distance  of  61  Cygni  aud  other  fixed  stars.  In  order 
that  this  work  mi^t  be  more  efEectually  carried  out,  De  La  Rue 
made  a  liberal  annual  contribution  for  four  years  towards  the  pay- 
ment of  an  assistant. 

Having  retired  from  business  in  1869,  he  returned  to  it  on  the 
death  of  his  younger  brother  William  in  1870 ;  but  although  head  of 
the  firm,  he  henceforward  never  took  a  very  active  part  in  the 
conduct  of  the  business,  and  finally  retired  altogether  in  1880. 

As  early  as  1836,  De  La  Rue  had  published  a  paper  on  Voltaic 
Electricity,  and  he  now  resolved  again  to  take  up  this  branch  of 
science.  Having,  meanwhile,  in  conjunction  with  his  friend  and 
collaborateur.  Dr.  Hugo  Miiller,  invented  the  chloride  of  silver 
battery,  he  fitted  up  a  private  physical  laboratory,  where,  by  means 
of    this  remarkably  steady  and  convenient   source  of    electricity, 
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researches  were  made  on  the  electrical  discharge  in  the  atmo- 
sphere as  well  as  in  various  other  gases  at  ordinary  pressure,  on 
Tacna  in  exhausted  tubes,  and  in  the  study  of  the  nature  and  pheno- 
mena of  the  electrical  arc.  The  battery  which  served  for  this  purpose 
grradually  attained  vast  proportions,  and  ultimately  became  the  most 
extensive  ever  grouped  in  series.  In  lb'79  it  consisted  of  11,000  cells, 
and  in  1881  as  many  as  14,600  were  in  action  at  one  time.  An 
account  of  the  results  obtained  'is  given  in  three  memoirs  printed  in 
the  Phil  Trans,  Bay,  8oc,  for  1878  and  1880.  These  papers,  from  the 
variety  of  their  contents,  their  great  accuracy,  and  their  splendid 
illustrations,  form  an  important  contribution  to  science.  On  June  21, 
1881,  he  gave  a  memorable  lecture  at  the  Royal  Institution,  in  which 
the  construction  of  the  battery  was  explained,  and  the  phenomena  of 
the  discharge  exhibited  in  a  series  of  brilliant  experiments.  For  this 
purpose,  a  new  battery  of  14,400  cells  was  especially  set  up,  and 
amongst  the  results  elucidated  on  this  occasion  was  a  demonstration 
that  the  maximum  brilliancy  of  the  aurora  boreaJis  would  probably 
be  at  the  height  of  about  S7'67  miles;  that  at  the  height  of 
81*47  miles  the  appearance  would  be  pale  and  faint,  and  that  at 
240  miles  no  electric  discharge  would  take  place. 

The  great  range  of  his  sdientific  attainments  and  pursuits  brought 
him  into  intimate  connection  with  many  of  the  learned  Societies,  and 
he  took  an  active  part  in  their  work,  ever  ready  to  give  his  assistance, 
whether  by  undertaking  official  work,  or  by  promoting  some  scientific 
object  with  an  unstinted  liberality.  He  was  in  truth  a  characteristio 
example  of  what  is  specifically  an  English  product,  the  man  who, 
engaged  in  business  and  taking  his  share  of  public  work,  also 
successfully  promotes  science. 

After  acting  for  some  time  ^as  Honorary  Secretary  of  the  Royal 
A.stronomical  Society,  he  was  akao  its  President  from  1864 — 1866. 
Ho  was  for  many  years  Preeident  of  the  London  Institution,  and 
became  Secretary  of  the  Royal  Institution  in  1878,  which  office  he 
filled  until  1882,  when  he  retired  on  accoaot  of  failing  health. 

He  was  elected  a  Fellow  of  the  Royal  Society  on  1850,  and  was 
repeatedly  Vice-President. 

Warren  De  La  Rue  was  'One  of  the  original  members  of  the 
Chemical  Society ;  and  from  1867 — 1869,  and  again  from  1879 — 80, 
he  was  its  President. 

De  La  Rue*s  scientific  work  has  been  embodied  in  papers  and 
memoirs,  which  will  be  found  in  the  TrangacHons  of  the  Royal, 
Astronomical,  Chemical,  and  other  societies,  and  his  labours  have  not 
escaped  recognition  by  his  scientific  contemporaries  abroad.  He  had 
been  a  corresponding  member  of  the  Imperial  Academy  of  Sciences, 
8t.  Petersburg,  of  the  Academy  of  Sciences,  Institute  of  France,  the 
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Boval  Society  of  IJpsala,  an  honorary  member  of  the  German  Chemical 
Society,  Berlin,  and  member  of  other  learned  societies.  He  was  also 
a  Knight  of  the  Legion  of  Hononr,  a  Commander  of  the  Order  of 
St.  Maurice  and  St.  Lazarus,  and  a  Knight  of  the  Brazilian  Order  of 
the  Hose. 

He  died,  after  a  short  illness,  on  Good  Friday,  the  I9th  of  April, 
1889. 

Michel  Euq^ne  Cheybeul,  bom,  on  the  3l8t  of  August,  1786,  at 
Angers,  where  his  father  was^  a  leading  physician,  was  edacated  at 
the  £cole  Centrale  of  his  native  town.  At  the  age  of  seventeen,  he 
went  to  Paris;  and  entered  Yauqaelin's  chemical  manufactory,  in 
which  establishment  he  afterwardtn  held  the  position  of  director  of 
the  laboratory.  In  1813,  he  was  called  to  the  Chair  of  Chemistry  at 
the  Lyo6e  Charlemagne,  and  later  on,  he  became  Director  of  the 
Dyeing  Department  and  Professor  of  Dyeing  at  the  Tapestry  Works 
of  the  Gobelins.  His  well-known  researches  on  the  laws  relating  to 
contrasts  of  colour  were  carried-  out  at.  this  time.  In  1830,  he 
succeeded  his  former  master  Yauquelin  as  Professor  at  the  Natural 
History  Museum,  and  in  1864,  he  was  appointed  Director  of  the 
Museum  at  the  Jardin  des  Plantes,  a  post  from-  which  he  retired  in 
1879,  although  he  still  retained  his  professorship. 

In  1886,  his  hundredth,  birthday  was  celehorated  in  Paris  with 
public  rejoicings.     He  died  on  the  9th  of  April,  1889. 

Of  M.  Chevrenrs  numerous  researches,  the  best  known  are  those 
dealing  with  the  animal  fats.  The  results  of  these  investigations  are 
given  in  a  collected  form.in  his  great  work, ''  Recherches  chimiques  sur 
les  corps  gras  d'origine  animale."  Up  to  that  time,  chemists  had 
regarded  the  soaps  as  combinations  of  fat«  with  alkalis,  but  Chevrenl 
having  ascertained  the  composition  of  stearin  and  cle'in,  and  isolated 
and  studied  stearic  acid  (and  oleic  acid  (all  of  them  names  which  we 
owe  to  him),  was  able  to  explain  the  process  of  saponification.  Apart 
from  the  vast  scientific  importance  of  this  work,  it  had  an  immediate  ' 
practical  outcome  in  the  stearin-  candle  manufacture ;  these  candles, 
first  prepared  by  M.  Chevrenl,  soon  superseded  the  objectionable 
tallow  dips  of  earlier  times. 

This  happy  blending  of  the  scientific  and  the  practical  was 
frequently  illustrated  in  M.  Chevreul'S  investigations.  Thus  the 
technical  excellence  of  the  Gobelins  tapestries,  .both  in  colour  and.  in 
all  that  relates  to  stability  of  colour,  is  largely  due  to  his>  elForts. 
His  work,  "  De  la  loi  du  contraste  simultan^  des  couleurs  et  de 
Tassortiment  des  objets  colories,''  embodying  the  researches  already 
referred  to,  was  published  in  1829.  Another  work  on  a  similar 
subject,  "  Th^orie  des  effets  optiques  que  pr6sentent  les  6toffes  de 
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Boie  "  (Lyons,  1846),  confcains  lecirares  which  M.  Cbevreul  delivered 
at  Lyons  at  the  request  of  the  Ministry  of  Trade  and  Agrionltnre. 

His  investigations  cover  the  whole  ground  of  chemistry,  branching 
oat  into  physiological  chemistry,  hygiene,  and  physics. 

M.  Chevreul  was  elected  a  Member  of  the  French  Academy  of 
Sciences  in  1826,  a  Foreign  Member  of  the  Boyal  Society  in  the 
same  yeai*,  and  of  the  Chemical  Society  in  1849.  He  received  the 
Copley  Medal  of  the  Royal  Society  in  1857. 

John  Dale,  bom  in  Birmingham  on  May  11th,  1815,  was  educated 
in  Birmingham  and  Warwick.  His  school  days  at  an  end,  John 
Dale  went  to  Denbigh,  where  he  was  apprenticed  to  a  chemist  and 
druggist ;  later  on  he  removed  to  Rhyl,  where  he  had  access  to  a 
number  of  chemical  and  pharmaceutical  books,  and  there  laid  the 
foundation  of  his  chemical  knowledge. 

He  next  proceeded  to  Manchester,  where  from  1833  to  1835  he 
acted  as  assistant  to  a  Mr.  Ansell,  a  chemist  and  draggist,  a  member 
of  the  Society  of  Friends,  who  was  also  an  acquaintance  of  the 
renowned  John  Dalton ;  Ansell  at  that  time  being  the  only  dealer  in 
chemical  apparatus  in  Lancashire  or  Cheshire.  Under  the  circum- 
stances, it  was  quite  natural  that  Dale  should  soon  make  the 
acquaintance  of  Dalton,  an  acquaintance  which  soon  ripened  into 
friendship,  for  John  Dale  became  Dalton 's  pupil.  Urged  on  by  the 
enthusiasm  and  genius  of  his  master,  Dale  not  long  after  this 
commenced  a  course  of  lecturing  on  chemistry  in  all  the  principal 
towns  of  Lancashire.  He  received  from  Dalton  especial  commenda- 
tion and,  indeed,  compliment  on  his  skilful  and  original  lecture 
illustrations. 

There  now  followed  another  slight  change  in  a  temporary  removal 
to  Altrinoham.  This,  however,  was  soon  succeeded  by  his  return  to 
Manchester,  where  a  shop  was  taken  in  St.  Mary's  Qsie,  and  it  was 
during  this  period  that  Dale  made  the  acquaintance  of  Mr.  Thomns 
Roberts,  with  whom,  some  years  later  on,  he  entered  into  partnership. 
In  the  interim  he  became  manager  of  a  calico  print  works  in 
Ard  wick,  and  continued  his  duties  in  that  capacity  up  to  the  year 
1852,  when  he  went  to  Combrook  and  started  with  Mr.  Roberts  the 
chemical  works  which  under  his  directorship  became  famous  and 
made  widespread  the  name  of  the  firm  of  Roberts,  Dale,  and  Co. 
This  brings  us  to  about  the  year  1854,  when  the  staple  trade  of  the 
firm  was  wood  extracts  and  British  gum.  About  this  period,  the 
paperhanging  trade  began  to  develop  rapidly,  and  Dale  introduced  a 
much  greater  variety  of  colours  than  had  been  hitherto  employed ; 
amongst  them  a  superior  class  of  chrome  yellows,  and  also  lakes 
made  from  wood  extracts.     Shortly  after,  the  manufacture  of  oxalio 
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acid  from  sawdast,  by  heating  this  material  with  a  mixtare  of  potash 
and  soda,  was  commenced  at  the  Warrington  works,  which  later  on 
was  managed  bj  Dale's  eldest  son,  John.  The  working  of  the  new 
process,  which  marked  a  very  important  epoch  in  chemical  indnsbrj, 
was  undertaken  in  conjunction  with  J.  D.  Pritchard,  and  sabseqnently 
brought  to  farther  perfection  by  Dale,  and  carried  on  until  such 
time  as  potash  became  sufficiently  cheap  to  justify  its  sole  use. 
Those  who  recollect  the  reports  issued  at  that  time  of  this  process 
will  remember  that  the  mode  of  separating  the  alkaline  salts  was  based 
on  the  fact  that  whilst  the  potash  salt  was  soluble  the  soda  salt  -wm 
insoluble  in  water.  It  is  exceedingly  probable  that,  in  connexion  with 
the  operations  of  this  process,  vacuum  filtration  on  an  indnstrial 
scale  was  employed  for  the  first  time ;  such  an  accelerated  method  of 
titration  being,  of  course,  highly  desirable  in  connection  with  the 
separation  of  the  oxalic  acid  solutions  from  gypsum,  when  the 
calciom  oxalate  obtained  by  causticising  the  insoluble  oxalate  of  soda 
with  boiling  milk  of  lime  came  to  be  treated  with  sulphuric  acid. 
No  doubt  John  Dale  was  perfectly  aware  of  Oay-Luasac's  reaction, 
discovered  in  1829,  by  which  carbohydrates  and  celluloses  fused  with 
potash  yield  oxalic  acid ;  and  he  founded  upon  it  the  successful 
commercial  process  referred  to.  Just  about  this  period,  too,  the 
manufacture  of  solid  caustic  soda  was  commenced  and  successfully 
prosecuted.  The  record  now  brings  us  to  the  year  1858,  when  Per  kin 
discovered  mauve.  In  conjunction  with  Caro,  who  was  engaged  as 
chemist  about  the  years  1860  to  1861,  Dale  now  endeavoured  to 
discover  an  oxidising  agent  for  preparing  mauve  as  effective  as 
potassium  dichromate,  and  found  that  copper  sulphate,  in  conjunction 
with  alkaline  chlorides,  answered  the  purpose. 

In  the  meantime,  C.  A.  Martins  had  been  engaged  as  chemist  at 
the  Warrington  works,  and  came  there  from  Hofmann,  in  whose 
laboratory  he  had  acquired  a  sonnd  theoretical  knowledge  of  the  then 
recently  discovered  aromatic  bases,  such  as  phenylenediamine,  di- 
raethylaniline,  &c.  He  was  at  once  set  to  work  by  Dale,  with  the 
object  of  preparing  new  colours  from  such  aromatic  bases,  through 
the  medium  of  nitrous  acid  obtained  from  nitrite  of  soda.  From  this 
conrse  of  experiments  directly  sprang  the  manufacture  of  Manchester 
brown  ("Bismarck  lM^>wn"),  and  Manchester  yellow  ('^Martins 
yellow"). 

Ordinary  aniline  yellow  or  amidoazobenzene  ("  fast  yellow  '*)  was 
next  placed  in  the  market. 

Somewhat  before  this  date,  John  Dale  had  commenced  the  manu- 
f acta  re  of  picric  acid,  first  from  Australian  gum,  and  later  on  more 
advantageously  from  commercial  carbolic  acid.  Then  followed  the 
manufacture  of  aurin,  which  was  also  commenced  about  this  period. 
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Jolin  Dale's  youngest  son,  R.  S.  Dale,  was  now  set  to  work  bj  his 
father  npon  the  anrin  process,  which  he  perfected,  and,  in  con- 
junction with  Schorlemmer,  wrought  out  the  theoretical  development 
of  the  subject ;  together  they  also  succeeded  in  converting  aurin  into 
pararosaniline,  thus  establishing  it  as  a  triphenylmethane-derivative 
(this  Journal,  1885,  476).  Other  aniline  colours  were  later  on  pre- 
pared in  Dale's  laboratory,  and  afterwards  manafactured  in  the  works. 
Among  the  names  of  the  noted  chemists  who  were  engaged  in  Dale's 
laboratory  were  those  of  Caro,  Martins,  Schad,  Leouardt,  and  Kopp. 
Not  only  was  the  mind  of  Dale  fertile  and  resourceful  as 
regards  manufacturing  methods,  but  his  ardent  study  of  the 
pure  science  stood  him  in  good  stead  as  regards  analytical  and 
valuation  methods,  and  it  is  a  fact  that  he  mainly  devised  his 
own  analytical  processes.  During  the  last  four  or  five  years 
Mr.  Dale's  health  had  been  failing,  but  his  interest  in  the 
later  developments  of  all  branches  of  chemical  industry  never 
flagged  in  spite  of  this.  Most  of  the  chemists  connected  with 
the  paper-making,  calico  printing,  and  textile  industries  applied 
to  him  at  one  time  or  another  for  coansel  and  advice,  and  never 
faiied  to  obtain  the  assistance  they  desired.  He  died  May  31st, 
1889,  and  it  may  be  truly  said,  that,  whilst  Joule  stood  pre-eminent 
in  physical  research,  and  Dalton  in  chemical  theory,  John  Dale, 
Dalton's  pupil,  must  take  rank  as  a  typical  representative  of  the 
successful  application  of  chemical  science  to  chemical  industry. 

Anton  Gbuthbs  was  bom  on  the  23rd  of  April,  1833,  at  Neustadt, 
in  the  Dachy  of  Saxe-Goburg.  In  1863,  at  which  time  he  was  a 
"  Privatdocent "  at  the  University  of  Gottingen,  and  Senior  Assistant 
in  Wohler's  laboratory,  he  was  called  to  the  University  of  Jena,  where 
he  spent  the  remainder  of  his  life.  He  died  on  the  25th  of  August, 
1889. 

Geuther's  researches,  which  are  numerous,  deal  both  with  organic 
and  with  inorganic  chemistry ;  but  perhaps  his  most  important,  and 
certainly  his  best  known  work  is  his  discovery  of  ethylic  acetoacetate 
and  several  of  its  derivatives.  Every  chemist  knows  how  the 
reaction  in  which  these  compounds  were  obtained  was  studied  almost 
simaltaneously  by  Geuther,  and  by  Frankland  and  Dnppa ;  and  it  is 
perhaps  fortunate  that  Geuther  published  his  results  in  so  inaccessible 
a  periodical  as  the  Jenaischs  Zeitschrifty  since  in  this  way  they 
remained  unknown  to  the  two  Ens^lish  chemists,  who  could  thus 
attack,  from  a  difEerent  point  of  view,  and  by  independent  methods,  a 
problem  which  they  might  otherwise  have  been  deterred  from 
approaching. 

Other  well-known  researches  of   Geuther's  are  his  synthesis  of 
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acetal,  tbe  discovery  of  nitroBodiethjlamine  (the  first  instance  of  a 
nitroeo-derivative  of  a  secondary  amine),  of  dehydracetio  acid,  and 
his  method  of  preparing  complex  organic  acids  and  ketones  from 
sodium  alcoholates,  sodium  hydrate,  and  carbonic  oxide.  It  may  al»o 
be  mentioned  that  the  first  germ  of  the  idea  of  *'  labile  "  modifica- 
tions— a  conception  which  now-a-days  plays  so  important  a  part  in 
interpreting  the  mechanism  of  yarious  organic  reactions — ^is  contained 
in  Gentber*8  writings. 

In  1887,  he  published  his  ^*  Lehrbuch  der  Chemie,  gegrundet  auf 
die  Werthigkeit  der  Elemente." 

Professor  Geuther  was  elected  a  Foreign  Member  of  the  Chemical 
Society  in  1888. 

James  Prbscott  Joule  was  bom  on  December  24th,  1818,  at 
Salford.  His  father  was  a  brewer  in  that  town,  carrying  on  a 
business  which  had  descended  to  him  from  his  father,  and  which  was 
later  on  managed  by  Joule  and  his  brother.  As  a  child,  Joule  was 
L^elicate,  and  did  not,  therefore,  go  to  school,  his  education  being 
conducted  by  his  mother's  sister  and  by  tutors,  until  he  reached 
his  16th  year.  He  was  then  sent  with  his  brother  to  study 
physical  science  under  Dalton,  who  was  President  of  the  Manchester 
Literary  and  Philosophical  Society,  and  receiyed  pupils  at  the 
Society's  rooms.  Here  Joule  became  first  acquainted  with  physical 
apparatus,  and  speedily  commenced  making  experiments  on  his  own 
account,  chiefly  in  the  branch  of  magnetism.  These  were  the 
beginning  of  Joule's  life-work,  which,  though  it  is  commonly  con- 
sidered to  belong  to  the  domain  of  physics,  has  neyertheless  exercised 
an  enormous  influence  on  the  progress  of  chemical  science. 

In  his  first  work  on  magnetism,  published  at  the  age  of  19,  he 
constructed  electro-magnetic  machines  of  improyed  form,  and  by 
means  of  these  was  able  to  determine  the  yalue  of  the  limit  of  mag- 
netisation communicable  to  soft  iron  by  the  electric  current.  He 
also  compared  the  yalues  of  solid  iron  cores  and  bundles  of  iron  wires 
for  the  electro-magnetic  machine,  and  succeeded  in  constructing 
electro-magnets  of  greater  lifting  power  than  any  preyionsly 
obtained. 

At  that  time  the  numbers  used  to  characterise  electric  currents 
were  arbitrary  and  yague,  and  Joule's  next  efforts  were  applied  to 
deyising  a  scientific  and  at  the  same  time  convenient  method  of  ex- 
pressing the  results.  He  based  his  proposal  on  Faraday's  recently- 
discoyered  law  of  electro-chemical  equivalents,  taking  as  unit  the 
quantity  of  electricity  necessary  to  decompose  9  grains  of  water, 
9  being  then  supposed  to  be  the  molecular  weight  of  water. 

In  184^,  led  by  experiments  made  with  the  object  of  improving 
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voltaic  apparatus,  he  turned  liis  attention  to  'Hhe  heat  evolved  by 
metallic  cond actors  of  electricity  and  in  the  cells  of  a  battery  during 
electrolysis.''  The  results  of  this  work  are  summed  up  in  the  follow- 
ing laws : — "  In  a  metallic  conductor  carrying  an  electric  current,  the 
quantity  of  heat  evolved  in  a  given  time  is  always  proportional  to  the 
resistance  which  it  presents,  whatever  may  be  the  dimensions  or 
kind  of  the  metallic  condnctor ; "  and  also  that  "  The  quantity  of  heat 
evolved  is  proportional  to  the  square  of  the  quantity  of  electricity 
passing  in  a  given  time." 

During  the  same  year  he  pointed  out  that  the  heat  generated  in  a 
wire  conveying  a  current  of  electricity  is  part  of  the  heat  of  chemical 
combination  of  the  materials  used  in  the  voltaic  cell,  and  that  the 
remaifider,  and  not  the  whole  heat  of  combination,  is  evolved  within 
the  cell.  In  the  two  years  following  he  continued  these  investiga- 
tions, and  showed  that  the  sum  of  the  heat  produced  in  all  parts  of 
the  circuit  during  voltaic  action  is  proportional  to  the  chemical  action 
whinh  goes  on  in  the  voltaic  pile,  and  that,  further,  the  quantities  of 
heat  evolved  by  the  combustion  of  equivalents  of  the  elementary 
bodies  are  proportional  to  the  intensities  of  their  affinities  for 
oxygen. 

To  another  paper  on  this  subject,  read  before  the  Manchester 
Literary  and  Philosophical  Society  on  January  24th,  1843,  an  especial 
chemical  interest  is  attached,  as  establishing  the  heat  equivalence  of 
chemical  action.  Dulong  had  already  determined  the  amount  of  heat 
evolved  during  combustion,  but  did  not  compare  this  with  the  heat 
evolved  by  the  same  combustion  in  the  battery  or  elsewhere,  and 
Joule's  discovery,  described  in  the  above  paper,  was  that  the  heat 
which  disappears  during  separation  of  the  chemical  elements  was 
equal  to  that  which  made  it  appearance  dunng  their  combination,  on 
the  principle  that  action  and  reaction  are  equal  and  opposite.  This 
was  the  discovery  which  proved  that  chemical  action  was  due  to  the 
clashing  of  the  atoms,  and  that  the  same  laws  applied  to  those  atoms 
singly  as  they  did  to  them  when  taken  in  the  aggregate,  thus  show- 
ing that  chemistry  was  a  branch  of  molecular  physics. 

In  the  early  part  of  1843  he  was  further  able  to  announce  that  the 
magneto*electric  machine  enables  us  to  convert  mechanical  power  into 
heat,  and  at  the  meeting  of  the  British  Association  at  Cork,  on 
August  21st,  1843,  he  read  his  paper — '*  On  the  Calorific  Effects  of 
Magneto-electricity,  and  on  the  Mechanical  Value  of  Heat,'*  in  which 
he  shows  experimentally  that  heat  is  generated  by  the  electro-magnetic 
machine  and  not  merely  transferred  from  some  source.  An  account  was 
also  given  of  a  further  series  of  experiments  conducted  with  the  view 
of  discovering  whether  any  constant  ratio  existed  between  the  heat 
generated  and  the  mechanical  power  employed  to  produce  it.    From 
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one  f^ei  of  experiroents  he  obtained  the  resnlt  that  838  foot  lbs.  are 
equivalent  to  the  qnantitj  of  heat  capable  of  raising  1  lb.  of  water 
through  1°  Fahrenheit.  At  the  close  of  the  paper  he  stated  that  he 
had  also  sacceeded  in  proving  the  generation  of  heat  by  forcing  water 
through  narrow  tabes,  and  that  1  degree  of  heat  per  lb.  of  water 
was  obtained  from  a  force  capable  of  raising  770  lbs.  to  the  heiglit  of 
1  f  oot- 

This  was  the  first  determination  of  the  mechanical  equivalent  of 
heat,  but  Joole  subsequently  obtained  similar  results  in  different  ways. 
Concerning  these,  and  his  other  numerous  researches,  space  does  not 
permit  of  a  detailed  consideration.  The  number  of  his  various  papers 
amounts  to  no  less  than  115,  and  have  been  reprinted  by  the  Physical 
Society  of  London  in  two  volumes,  the  second  containing  the  papers 
published  jointly  with  Dr.  Scoresby,  Sir  Lyon  Playfair,  and  Sir 
William  Thomson. 

Joule *6  apparatus  was,  for  the  most  part,  constructed  by  himself. 
As  an  example  of  his  ability  in  this  respect,  it  may  be  mentioned  that 
daring  his  investigations  he  greatly  felt  the  need  of  accurate  ther- 
mometers, and  in  conj auction  with  Mr.  Dancer,  of  Manchester,  pre- 
pared the  fi.rst  English  thermometers  of  any  great  accaracy. 

The  valae  of  Joule's  work  cannot  be  better  expressed  than  in  the 
words  of  a  writer  in  Nature  for  October  24th,  1889,  "  His  work,  taken 
as  a  whole,  and  without  considering  the  relative  importance  to 
physical  discoveries — that  is  to  say,  judged  by  the  originality  of  the 
objects,  and  the  means  employed,  the  philosophic  direction,  the  patient 
and  persevering  labour,  and  the  results  obtained — ^would  be  such  as  to 
place  him  in  the  front  rank  of  philosophers.  If  account  be  taken  of 
the  importance  and  generality  of  his  discoveries,  as  shown  by  their 
influence  on  the  philosophical  thought  and  material  progress  of  the 
world,  th«n,  as  the  discovery  of  the  law  that  energy  is  in  the  same 
degree  indestructible  and  uncreatable  as  matter,  it  is  with  Newton 
and  Dalton  that  he  finds  his  place  in  the  history  of  physical  science." 

Joule  was  of  an  extremely  retiring  disposition,  and  never  came  pro- 
minently before  the  public.  He  married,  in  1847,  Amelia,  daughter 
of  Mr.  John  Grimes,  Comptroller  of  Customs,  Liverpool.  His  wife 
died  in  1854,  leaving  him  a  son  and  a  daughter.  He  received  . 
honorary  degrees  from  all  the  more  important  Universities,  and  was 
honorary  fellow  of  many  learned  Societies,  both  at  home  and  abroad. 
He  received  the  Royal  Gold  Medal  from  the  Royal  Society  in  1852, 
and  the  Copley  Gold  Medal  in  1870,  and  the  Albert  Medal  of  the 
Society  of  Arts  was  delivered  to  him  from  the  hands  of  the  Prince  of 
Wales  in  1880.  A  pension  of  £200  was  granted  him  from  the  Civil 
List,  in  recognition  of  his  services,  in  1878.  He  became  a  Fellow  of 
this  Society  on  the  1st  of  January,  1844,  and  remained  a  member  till 
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hiB  death.  He  was  also  elected  President  of  the  British  Association 
in  1873,  but,  owing  to  ill-health,  he  was  unable  to  undertake  the 
duties  of  the  office,  his  place  being  taken  bj  Professor  A.  W. 
Williamson.  He  died  at  his  residence,  Wardle  Street,  Sale,  on  the 
11th  of  October,  1889,  aged  71. 

Benjamin  Nickels  was  bom  in  London  on  the  7th  October,  1830 ; 
his  father  being  an  india-rubber  manufacturer,  the  necessitj  for 
chemical  knowledge  in  the  early  days  of  "vulcanising"  gave  the 
direction  to  the  son's  studies  after  leaving  school.  He  associated 
himself  with  the  Westminster  Literary  and  Scientific  Institution,  of 
which  he  soon  became  the  honorary  secretary  (1847),  occasionally 
delivering  elementary  lectures  on  chemistiy  to  his  fellow-students. 
The  discovery  of  gold  in  Australia  opened  out  the  prospect  of  useful 
employment  as  an  assayer,  and  he  established  himself  in  Sydney,  New 
South  Wales,  during  the  next  few  years,  retarning  to  Lambeth  in 
1856,  and  taking  post  as  chemist  in  Bell's  india-rubber  factory, 
removing  to  Hooper's  Telegraph  Works  at  Mitcham,  where  he 
introduced  an  improved  system  of  laying  submarine  wires,  for 
which  he  took  out  a  patent  in  1858.  This  led  to  his  subsequent 
engagement  at  Messrs.  S.  W.  Silver  and  Go's  india-rubber  factory 
at  Silvertown,  where  for  several  years  he  was  employed  as  chemist. 
In  May,  1866,  he  became  public  analyst  in  Bath,  and  did  good  service 
in  advising  the  Town  Council  on  the  question  of  water  supply  after 
making  the  needful  analyses.  From  1869  to  1876  he  was  chemist  at 
Messrs.  Brooke,  Simpson,  and  Spiller's  dye  works,  first  at  Hackney 
Wick,  removing  to  Greenford  Green  on  the  transfer  of  this  establish- 
ment from  Messrs.  Perkin  and  Sons  to  the  above-mentioned  firm,  and 
remaining  on  for  other  three  years  (1876  to  1879),  when  it  passed 
into  the  hands  of  Messrs.  Burt,  Boulton,  and  Haywood.  For  the  last 
ten  J  ears  Mr.  Nickels  occupied  himself  as  a  general  consulting 
chemist,  frequently  employed  in  the  examination  of  coal-tar  products, 
disinfectants,  food  and  water  analyses,  and  india-rubber  samples,  for 
which  kind  of  work  his  previous  training  had  especially  qualified 
him.  In  January,  1882,  in  conjunction  with  Mi\  W.  G.  Little,  of 
Doncaster,  he  took  out  a  patent  for  a  composition  for  coating  ships' 
bottoms,  (be.,  in  which  the  essential  ingredient  was  acridine,  obtained 
from  heavy  coal-tar  oils.  In  1885,  Mr.  Benjamin  Nickels  served  on 
the  jury  of  the  International  Inventions  Exhibition  (in  Group  XXI, 
India-rubber  and  Gutta-percha)  ;  and  at  various  times  wrote  articles 
and  gave  evidence  bearing  upon  the  india-rubber  manufacture.  He 
died  on  the  13th  November  last,  aged  59,  of  internal  tumour, 
supposed  to  be  the  result  of  a  fall,  leaving  a  widow  and  several 
children,  besides  many  personal  friends,  to  mourn  his  loss. 
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Jamfs  Walker  Montgomery*  was  the  son  of  the  Rev.  John  Mont- 
gomerj,  M.A.,  Free  Church  Minister  at  Innerleithen,  Peeblesshire, 
and  was  bom  there  on  31st  October,  1847.  He  was  the  eldest  of 
three  sons;  the  other  two  of  whom  survive.  His  earlj  education 
was  obtained  at  Innerleithen  and  at  Edinburgh,  whera  he  attended 
the  School  of  Arts.  Turning  his  attention  to  chemistry,  he  entered 
the  laboratory  of  Dr.  Stevenson  Macadam,  Sui^eons'  Hall,  Edinburgh, 
where  he  studied  for  about  five  years,  acting  latterly  as  his  assistant. 
Proceeding  to  London,  he  spent  two  or  three  years  as  an  assistant  in 
the  laboratory  of  Messrs.  Johnson  and  Matthey,  assayers. 

Mr.  Montgomery  subsequently  purchased  and  entered  on  a  practice 
as  an  analyst  at  Stockton,  which,  however,  proved  disappointing,  and 
thence,  after  a  short  time,  he  removed  to  Whitehaven,  where,  in  1872, 
he  took  over  the  analytical  and  consulting  practice  of  Dr.  E.  G.  Tosh, 
which  he  continued  for  the  remaining  17  years  of  his  life. 

The  practice  was  very  extensive,  and,  as  he  also  acted  as 
chemist  to  several  important  iron  works,  his  life  became  a  very  busy 
one.  In  1878  he  was  appointed  public  analyst  for  the  county  of 
Cumberhind,  and,  in  1872,  for  the  county  of  Westmorland  and  the 
borough  of  Kendal,  the.duties  of  wluch  o£5ces  he  faithfully  and  con- 
scientiously discharged  to  the  last. 

Unfortunately,  the  state  of  Mr.  Montgomery's  health  in  the  latter 
years  of  his  life,  and  the  intense  physical  suffering  which  he  bore 
sileutly  and  uncomplainingly,  prevented  the  prosecution  of  chemical 
experiments  and  research— especially  in  the  relations  of  chemistry  to 
physiology  and  medicine,  to  which  he  had  been  previously  inclined. 
His  manliness  and  integrity  won  him  universal  esteem,  which  was 
shown  by  his  election  to  several  important  offices,  civic  and  masonic. 
He  sat  for  sevei'al  years  on  the  Board  of  Trustees  for  the  Whitehaven 
Town  and  Harbour  Trust,  as  a  representative  of  Lord  Lonsdale,  the 
Lord  of  the  Manor. 

Mr.  Montgomery  took  a  keen  interest  in  agricultural  matters,  and 
delivered  several  lectures  in  connection  therewith  in  the  county.  As  an 
expert  in  iron  analysis  he  gave  evidence  in  several  cases  of  importance. 

Honourable  and  straightforward  himself,  he  had  a  strong  sense  of 
the  importance  and  status  of  his  profession  as  an  analyst. 

He  died  after  a  severe  illness,  patiently  borne,  on  February  14th, 
1889 ;  his  death  causing  intense  grief,  not  only  to  his  family  circle, 
but  to  many  sincere  friends  who  were  veiy  deeply  attached  to  him. 
He  is  survived  by  his  widow  and  son. 

David  Page,  M.D.,  F.I.C.,  the  eldest  son  of  the  late  David  Page, 
LL.D.,  P.R.S.B.,  Professor  of  Geology  in  the  College  of  Science, 
*  Notice  of  his  death  receiTed  nnce  the  AnniTenary  Meeting. 
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Newcastle-on-Tyne,  was  bom  in  Edinburgh,  in  the  year  1846.  He 
studied  science  at  the  University  of  Edinburgh,  in  the  years  1862-64, 
and  worked  in  the  Chemical  Laboratory,  under  the  direction  of  Sir 
Lyon  Playfair,  who  then  held  the  Professorship.  He  left  the  Univer- 
sity to  enter  upon  an  engagement  as  chemist  to  the  Gatebeck 
Q  unpowder  Mills  of  Messrs.  Wakefield  and  Co.,  near  Kendal,  and  in 
that  capacity  he  was  joint  author  with  one  of  the  partners,  the  late 
A.  D.  Keightley,  of  a  paper  on  the  solubility  of  potassium  nitrate 
and  other  salts,  which  is  published  in  the  Journal  of  the  Chemical 
Society.  This  investigation  was  the  foundation  of  an  important 
technical  process.  He  subsequently  re-entered  the  University,  and 
became  one  of  the  most  distinguished  students  in  the  Faculty  of 
Medicine,  gaining  no  fewer  than  15  gold  medals  in  various  subjects 
of  the  curriculum,  including  the  medal  for  the  best  thesis  in  his  year 
of  graduation.  The  subject  of  this  work  was  an  experimental 
research  on  death  by  suffocation.  For  some  little  time  he  wan 
engaged  in  private  practice  at  Kirkby  Lonsdale,  in  Westmorland,  and 
during  this  period  he  had  to  give  evidence  at  Lancaster  Assizes,  in  a 
trial  for  child-murder,  and  support  his  statements  by  giving  a  detailed 
account  of  the  work  recorded  in  his  thesis.  His  evidence  proved  to 
be  conclusive.  He  afterwards  moved  to  Kendal,  on  being  appointed 
Medical  Officer  of  Health  for  the  county  of  Westmorland.  During 
his  term  of  office  many  beneficial  reforms  in  the  sanitary  condition  of 
the  county  were  effected,  particularly  in  the  matter  of  water  supply 
and  house  draiuHge.  His  chemical  work  at  this  period  consisted 
chiefly  of  water  analysis,  in  which  he  became  an  expert,  possessing  an 
accurate  and  extensive  knowledge  of  the  composition  of  the  natural 
waters  of  various  portions  of  his  district.  He  next  entered  the  Civil 
Service  as  one  of  the  Medical  Officers  under  the  Local  Government 
Board,  Whitehall,  and  became  Vaccination  Inspector  for  the  Northern 
Counties  of  England,  choosing  Lancaster  as  his  head-quarters.  At 
the  same  time,  his  various  abilities  in  other  depai*tments  of  sanitary 
medicine  were  made  use  of  at  Whitehall,  and  a  number  of  districts 
throughout  the  kingdom.  His  principal  official  reports  comprise  one 
on  the  sanitary  condition  of  Margate ;  on  the  cause  of  death  by 
poisoning,  at  a  wedding  breakfast  at  Carlisle,  which  was  traced  to  an 
American  ham,  of  which  some  of  the  guests  had  partaken ;  and  the 
investigation  of  an  outbreak  of  typhoid  fever  at  South  Hetton,  in 
Durham,  which  occurred  in  the  summer  of  1889.  The  latter  case 
possessed  some  remarkable  features,  and  was  the  subject  of  a  par- 
ticularly able  piece  of  research.  It  was  proved  beyond  question  that 
the  epidemic  was  caused  by  the  water  supply,  and  that  a  well,  believed 
and  strenuously  asserted  to  be  a  source  of  unpolluted  water,  was  con- 
taminated by  farm  middens^  standing  upon  elevated  ground,  some 
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mile  and  a  half  distant.  The  drainage  water  fonnd  its  way  into  the 
well  throagb  a  fisdnre  in  the  limestone  rock.  He  wsis  appointed  the 
external  Examiner  in  Medical  Jorisprndence  in  the  University  of 
Edinbnrsrh  in  1889. 

Dr.  Page  was  a  man  .of  great  energy  and  keen  mental  activity. 
Everything  which  he  undertook  was  performed  not  only  as  a  matter 
of  daty,  but  to  the  very  best  of  his  ability.  His  chemical  work  was 
executed  with  extreme  care  and  accuracy,  and  at  the  same  time  with 
unusual  rapidity.  He  possessed  considerable  literary  skill,  and  could 
write  reports  and  correspondence  in  well  chosen  language,  clearly  and 
tersely  expressed,  without  hesitation  or  correction.  With  a  happy 
disposition,  a  kindly  spirit,  a  genial  manner,  and  a  ready  wit,  he  was 
at  all  times  a  delightful  companion. 

For  some  time  past  he  suffered  occasionally  from  headache,  sup- 
posed to  be  induced  by  much  railway  travelling,  but  latterly  occa- 
sional symptoms,  such  as  a  slight  numbness  in  the  right  hand  and 
foot,  and  fits  of  giddiness,  necessitated  a  medical  consultation. 

In  January  last  he  was  told  to  apply  for  six  months'  leave  of 
absence,  and  was  strictly  enjoined  to  keep  himself,  as  far  as  he  could, 
from  brain  work.  In  order  to  recruit  his  health,  and  with  the  full 
concurrence  of  his  medical  advisers,  it  was  proposed  that  he  should 
take  a  sea  voyage.  He  was  actually  on  a  visit  to  the  writer  to  make 
arrangements  for  joining  in  a  trip  to  the  Mediterranean,  when  he  was 
seized  with  an  illness,  which  rapidly  developed,  and  terminated  fatally 
the  following  day.  His  death,  which  occurred  at  36,  Waterloo  Road, 
Dublin,  on  the  20th  February,  proved  a  terrible  shock  to  all  his  rela- 
tions and  friends.  The  cause  of  death  was  a  tumour  on  the  brain, 
probably  the  growth  of  several  years.  He  was  twice  married,  and 
has  left  a  widow  and  seven  children  to  mourn  their  loss. 

Dr.  Robert  Romakis,  Chemical  Examiner  to  the  Burma  Govern- 
ment, and  Professor  at  the  Rangoon  College,  was  born  in  1854,  being 
the  son  of  the  late  Mr.  C.  S.  Romanis,  formerly  of  St.  Petersburg,  but 
latterly  residing  in  Leith.  He  was  educated  at  Edinburgh  University, 
where  he  took  his  D.Sc.  degree,  and  in  Germany,  and  at  one  time  was 
on  the  staff  at  Clifton  College.  A  short  time  after  this.  Dr.  Romanis 
proceeded  to  Burrca,  on  his  appointment  to  the  science  mastership  ot 
the  Rangoon  High  School,  which  subsequently  became  the  Govern- 
ment College.  The  following  is  taken  from  the  Rangoon  Times : — 
"  We  regret  to  announce  the  sudden  death  at  nine  o'clock  this  morn- 
ing, of  cholera  in  its  most  acute  form,  at  his  residence  in  Sand  with 
Road,  of  Professor  Romanis,  D.Sc,  F.G.S.,  Rangoon  College,  Chemical 
Examiner  to  the  Government,  and  a  captain  in  the  Rangoon  Volunteers. 
Originally  appointed  Teacher  of  Natural  Science  at  the  High  School, 
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he  joined  the  Service  in  Jaly,  1878,  being  gradually  promoted  to  the 
high  position  he  had  obtained  through  services  that  met  with  the 
entire  approbation  of  all  that  knew  him  and  his  work.  Of  retiring 
disposition,  he  ever  abstained  from  the  little  disputes  that  occasionallj 
vex  the  local  mind ;  and  of  him  it  may  be  said  that  he  has  passed 
awaj  universally  beloved  and  regretted.  It  will  be  long  before  his 
post  is  so  ably  filled ;  before  he  is  forgotten  in  the  community  that 
sorrows  in  his  early  death,  or  among  his  pupils  and  associates.  It  is 
to  be  lamented  that,  owing  to  the  suddenness  of  the  event,  and  to 
the  fact  that,  most  of  the  educational  establishments  being  broken  up, 
it  will  be  impossible  for  many,  who  would  otherwise  be  there,  to  pay 
the  last  tribute  to  a  sincere  and  valued  friend.'*  During  the  Burmese 
war  he  was  on  the  stafiP  of  General  Prendergast,  and  made  a  special 
report  on  the  resources  of  the  recently  acquired  territory.  He  died  in 
Rangoon  of  cholera,  in  the  early  part  of  1889.  He  was  a  Fellow  of 
the  Linnffian  and  Chemical  Societies,  and  a  Fellow  of  the  Institute  of 
Chemistry. 

Dr.  Edmund  Ronalds  was  bom  in  Canonbury  Square,  London,  in 
the  year  1819.  His  father,  Edmund  Ronalds,  was  a  merchant  in 
London,  whose  brother.  Sir  Francis  Ronalds,  was  knighted  a  few 
years  ago  in  recognition  of  bis  connection  with  the  origin  of  the 
electric  telegraph.  After  leaving  school  in  England,  Edmund  Ronaldn 
went  abroad  and  studied  successively  at  Qiessen,  Jena,  Berlin,  Heidel- 
berg, Zurich,  and  Paris.  At  Giessen,  he  was  the  fellow  student  of 
Kopp,  Fresenius,  Will,  and  other  well-known  chemists.  In  1840, 
he  returned  to  England,  and  held  the  lectureshipd  in  chemistry 
successively  at  St.  Mary's  Hospital  and  the  Middlesex  Hospital.  In 
1849,  he  was  appointed  Professor  of  Chemistry  in  Queen's  College, 
Gal  way.  In  1856,  he  gave  up  his  professorship,  and  took  over  the 
Bennington  Chemical  Works,  where  the  products  of  the  Edinburgh 
Gkisworks  were  worked  up.  About  10  or  12  years  ago,  he  gave  up 
business,  and  occupied  himself  with  researches  in  his  private  labora- 
tory, where  he  made  any  chemist  welcome  who  was  in  want  of 
laboratory  accommodation.  Of  the  numerous  chemists  who,  for 
one  reason  or  another,  have  resided  in  Edinburgh  during  the  last 
80  years,  there  are  few  who  have  not  occasion  to  remember  him 
with  gratitude  and  affection.  He  was  for  several  years  in  very 
poor  health,  and  tried  various  changes  of  climate,  but  with  no  per- 
manent good  effect,  and  he  died  on  9th  September,  1889,  leaving 
a  widow  and  six  children. 

David  Waldie  was  bom  in  Linlithgow,  in  Scotland,  about  the  year 
1810,  his  father  being  a  chemist  and  druggist  of  that  town.    He  was 
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educated  in  Edinbnrgh  as  a  surgeon,  wbere  he  took  the  diploma  of 
the  Royal  College  of  Surgeons,  and  sabseqnentlj  he  practised  as  a 
medical  man  for  some  time  in  Linlithgow.  He  earlj  showed  a  strong 
inclination  for  chemical  studies,  and  at  this  period  undertook  original 
researches  on  the  combustion  of  various  substances  in  different  gases, 
publishing  papers  on  the  subject  in  the  Philosophical  Magazine,  His 
experiments  are  referred  to  in  **  Gmelin's  Handbook  to  Chemistry," 
2,  30 — 31.  He  succeeded  Dr.  Brett  as  chemist  to  the  Liverpool 
Apothecaries'  Company. 

Among  the  medicinal  preparations  made  at  the  laboratory  of  the 
Apothecaries'  Hall  was  so-called  spirit  of  chloric  ether.  This  was  manu- 
factured in  a  crude  manner  by  distilling  alcohol  with  chloride  of  lime. 
He  introduced  an  improved  method  of  manufacture  by  separating  the 
chloroform  and  dissolving  it  in  a  known  quantity  of  spiiit.  At  this 
time.  Sir  James  Simpson  was  investigating  the  properties  of  ether  as 
an  anesthetic,  and,  being  a  friend  of  Mr.  Waldie's,  asked  him  if  he 
could  recommend  anything  better.  He  suggested  chloroform,  which, 
in  Sir  James  Simpson's  hands,  produced  such  wonderful  results. 

In  1853  Mr.  Waldie  went  to  Calcutta,  being  sent  out  by  the  firm 
Messrs.  Malcolm  and  Co.  as  experimental  chemist.  There  he  not  only 
superintended  the  refining  of  borax  and  saltpetre  at  Groosery,  but 
also  carried  out  the  manufacture  of  carthamim  from  safflower;  the 
latter,  however,  was  not  pecuniarily  successful.  On  Messrs.  Malcolm 
and  Co.  relinquishing  business,  Mr.  Waldie  took  over  a  chemical 
manufacturing  business  at  Duckinsore,  and  also  practised  as  an 
analytical  chemist.  This  business  he  afterwards  removed  to 
Bamagore,  and  eventually  to  Cossipore,  carrying  it  on  up  to  1887, 
when  he  sold  it  to  its  present  proprietors. 

He  has  been  a  Fellow  of  the  Chemical  Society  since  1843,  and  was 
also  a  member  of  the  Asiatic  Society.  About  1865,  he  commenced  a 
protracted  series  of  experiments,  extending  over  some  years,  relating 
to  the  filtration  of  the  Hooghly  river  water  for  the  Calcutta  water 
supply,  the  importance  of  which  was  acknowledged  by  the  chief 
engineer  to  the  Calcutta  Waterworks,  and  a  report  of  which  was 
printed  and  also  appeared  in  the  Proceedings  of  the  Asiatic  Society's 
J&wmal  in  the  years  1866-67. 
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(1.)  IntrodiLction, 

The  complex  metabolic  processes  wHich  take  place  during  the  germi- 
nation of  seeds  have  attracted,  from  the  time  of  Th.  De  Sanssnre, 
a  large  amount  of  attention  both  from  vegetable  physiologists  and 
chemists :  nevertheless  at  the  present  time  we  are  far  from  possess- 
ing an  exact  knowledge  of  the  mode  by  which  the  embryonic  plant  is 
enabled  to  appropriate  any  single  one  of  the  reserve  materials  stored 
np  in  cotyledon,  endosperm,  or  perisperm. 

It  is  true  that  the  purely  chemical  phenomena  attending  the  disso- 
lution of  at  least  one  of  the  more  important  reserve  materials,  starch, 
and  in  a  less  degree  of  certain  substances  belonging  to  the  obscure 
class  of  protetdSf  are  now  fairly  well  understood ;  bat  our  knowledge 
of  the  special  physiological  processes  of  which  these  chemical 
phenomena  are  an  expression  is  still  in  the  highest  degree  incomplete. 
The  same  cannot  be  said,  however,  of  the  histological  and  morpho- 
logical sides  of  the  subject,  for,  thanks  to  the  unwearying  and  patient 
work  of  numerous  obsei-vers,  our  knowledge  of  the  minute  structure 
and  developmental  history  of  some  seeds  is  so  complete  as  to  form  a 
perfectly  safe  basis  upon  which  the  physiologist  and  chemist  can 
work. 

There  is  an  accumulation  of  experimental  evidence  tending  to  show 
that,  during  germination,  the  solid  reserve  materials  of  the  seed  are 
broken  down  and  rendered  soluble  and  diffusible  under  the  action  of 
enzymes,  or  soluble  ferments,*  which  either  appear  for  the  first  time 
daring  the  progress  of  germination,  or,  if  pre-existent  in  the  resting 
seed,  have  had  their  activity  much  intensified. 

Starch  is  undoubtedly  broken  down  in  this  manner,  and  the  work 
of  Grorup-Besanez,  S.  H.  Vines,  J..R.  Green,  Schulze  and  Barbieri, 
and  others,  leaves  little  doubt  that  the  reserve  proteids  also  owe  their 
dissolution  to  the  action  of  soluble  prote'id-hydrolytic  ferments.  The 
evidence  of  the  breaking  down  of  cellulose  by  a  special  enzyme  has, 
up  to  the  present  time,  not  been  quite  convincing,  but,  speaking 
generally,  the  more  our  knowledge  of  the  chemical  processes  accom- 
panying germination  increases,  the  more  evidence  is  forthcoming  of 
the  important  role  played  by  soluble  ferments. 

That  the  genesis  of  these  enzymes  is  intimately  connected  with 
the  growth  of  the  embryo,  is,  we  imagine,  generally  admitted,  but 
beyond  this  we  may  be  said  to  have  no  positive  knowledge,  and  we 
are  for  the  most  part  entirely  ignorant,  not  only  of  the  chemical 
origin  and  nature  of  the  enzymes,  but  even  of  the  particular  part  of 

*  For  an  explanation  of  the  nomenclature  employed  in  this  paper,  see  Armstrong, 
this  ToL,  p.  528. 
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the  seed  in  which  they  take  their  rise,  and  of  their  mode  of  trans- 
ference from  part  to  part.* 

The  present  investigation  was  undertaken  in  the  hope  of  throwing* 
some  light  npon  these  points,  and  of  obtaining  some  experimentsJ 
data  to  guide  ns  where  hitherto  argument  by  inference  has  alone 
been  possible  ;  and  since  the  key  to  many  difficult  problems  in  plant 
metabolism  is  to   be  sought   in  the   geiminating  seed,   it  seemed 

EXPLANATION  OF  PLATE  L 


l»t'. 

Inferior  palea,  consisting  of—- 

ep.0.  External  epidermis. 

9ch.  Schlerenohyma;  sub-epidermal  bast. 

ft.  Vascular  bundle. 

ehl.  Chlorophyll  layer. 

ep.i.  Inner  epidermis. 

per,e. 

Outer  layers  of  pericarp. 

per.i. 

Inner         „            „ 

%. 

Testa. 

ep,nuceU, 

Epidermis  of  uucellus. 

tad. 

"  Aleurone-oells  "  of  endosperm. 

t.ctm.exs. 

Depleted  and  compressed  cells  of  endosperm. 

tMtn. 

Starch-containing  cells  of  parenchyma  of  endosperm. 

9CUt. 

Scutellum. 

tahi. 

**  Absorptive  "  and  secretory  epithelium. 

proc. 

Elongated  parenchymatous  cells  of  scutellum. 

kseh. 

Plumule-sheath. 

f'U  f-it  /•«>  /•4' 

Leaves  of  plumule. 

flxi. 

Primary  axis  :  ox*,  aat^,  ax^.    Secondary  axes. 

^v. 

Point  of  origin  of  the  procambium  strands  which  enter  the  scu- 

tellum, leayesi  and  radicles. 

J. 

Growing  point  of  primary  radicle. 

col. 

Calyptrogen.     (Boot-cap). 

col. 

Coleorhyza.     (Boot-sheath). 

ap.emh. 

Appendage  of  embryo. 

tph. 

Sheaf -like  cells :  the  remnant  of  the  nuoellus. 

pperU. 

Dorsal  portion  of  pericarp. 

P-*' 

Superior  palea. 

h. 

A  strand  of  traoheldes. 

€UB.M. 

Basal  bristle. 

X. 

Meristematic  portion  of  the  hypocotyledonary  aiis,  which  is  in 

greater  part  absorbed  by  the  secondary  radicles  during  their 

development. 

ft' 

Funiculus. 

*  The  localisation  of  a  special  enzyme  which  brings  about  the  hydrolysis  of  a 
glucoside  present  in  the  berries  of  Mhamnm  infeoiorutM  has  veoently  been  beauti> 
fully  worked  out  by  Marshall  Ward  and  Dunlop,  who  find  that,  whibt  the  gluooeide 
resides  in  the  perii»rp,  the  enzyme  which  brings  about  its  hydrolysis  ooourt  only 
in  the  raphes    (See  AnnaU  of  Botany,  vol.  i,  p.  1,  1887.) 
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probable  that  sucli  an  enquiry  might  increase  our  knowledge  of  some 
of  the  more  important  physiological  processes  of  plant  life. 

As  the  chance  of  success  by  attacking  these  problems  from  a  purely 
chemical  point  of  view  seemed  very  small,  we  have  endeavoured, 
during  the  last  few  years,  to  put  ourselves  in  a  position,  as  far  as 
possible,  to  approach  them  also  from  their  biological  side,  and  to 
make  ourselves  acquainted  with  the  great  mass  of  work  carried  on  by 
previous  observers  which  has  any  direct  or  indirect  bearing  on  the 
subject  of  this  paper.  Although  we  have,  during  the  progress  of  our 
enquiry,  examined  and  experimented  with  the  seeds  of  many  of  the 
Ghrasses,  we  shall  in  the  first  part  of  our  paper  confine  ourselves 
almost  entirely  to  the  results  obtained  with  barley^  since,  in  the  first 
place,  the  histology  and  developmental  history  of  this  grain  have  been 
more  fully  worked  out  than  in  the  case  of  any  other  species  of  the 
GraminesB;  and,  secondly,  there  seemed  some  hope  of  our  results 
ultimately  having  some  practical  bearing  on  the  large  and  important 
industry  of  malting,  which  is  still  in  a  purely  empirical  stage. 

(2.)  Structure  of  a  Qrain  of  Barley, 

It  will  be  necessary  at  the  outset  briefly  to  describe  the  structure 
of  a  grain  of  barley,  which  may  be  taken  on  the  whole  as  a  good  type 
of  the  seeds  of  the  natural  order  of  plants  to  which  it  belongs.  In 
doing  this  we  shall  not  enter  more  into  details  than  is  necessary  for 
a  comprehension  of  the  matters  discussed  in  this  paper,  but  must 
refer,  for  a  full  histological  description,  to  the  recent  exhaustive  mono- 
graph of  Holzner  and  Lermer,  ''Beitrage  znr  Kentniss  der  Gerste," 
Miinchen,  1888,  from  which  source  the  accompanying  figure  has  been 
reproduced,  but  on  a  much  diminished  scale.* 

The  contents  of  the  grain  of  barley  at  the  period  of  maturity 
consist  almost  entirely  of  embryo  and  endosperm,  which,  taking  their 
rise  in  the  embryo-sac,  have,  during  their  development,  almost  com- 
pletely displaced  the  tissues  of  the  nucellus,  ovule,  and  ovary.  The 
only  remnants  of  the  nucellus  which  are  recognisable  in  the  ripe  grain 
are  the  empty  sheaf-like  cells,  Uph,,  Plate  I,  which  spring  from 
the  funiculus,  f,p. ;  and  the  epidermis  of  the  nucellus  which  is  con- 
tinuous as  a  ver^  attenuated  layer  of  cells  around  both  embryo  and 
endosperm.  Of  the  walls  of  the  ovule,  only  the  inner  one  persists,  as  a 
double  layer  of  cells  forming  the  testa^  teg.,  or  true  coating  of  the  seed. 
The  parenchymatous  tissue  of  the  ovary,  which  during  the  develop- 
ment of  the  embryo-sac  is  rich  in  starch,  and  in  certain  layers  also  in 

*  See  also  W.  JohAnnsen,  "  B^yeloppement  at  constitution  de  rendospenue  de 
rOrge."  RinmU  du  Compte-rendu  det  iravaw  du  Laboratoire  de  CarUberg  1884» 
p.  60. 
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chlorophyll,  is  in  g^reat  part  displaced,  leaving  only  its  vestiges  in  the 
pericarp,  peric,  which  may  be  differentiated  into  endocarp,  mesocarp, 
and  epicarp. 

Outside  the  pericarp  are  the  inferior  palea,  p,i.,  and  superior  palea, 
p.8.,  which  in  the  ordinary  varieties  of  barley  become  permanently 
attached  to  the  pericarp  d  uring  the  development  of  the  ovary.  The 
grain  of  barley,  and  in  fact  that  of  all  species  of  the  Gramineie,  is 
consequently  a  caryopsis  or  an  achene  with  pericarp  adherent  to  the 
seed-coat,  for  it  includes  the  united  products  of  both  ovule  and  ovary. 

To  return  once  more  to  the  endosperm  and  embryo,  which,  as  we 
have  seen,  are  both  developed  within  the  embryo-sac.  The  principal 
mass  of  the  endosperm  consists  of  thin-walled  cells  packed  closely 
with  starch-granules  embedded  in  a  very  fine  net-work  of  proteid 
material,*  t.am.,  but  in  the  peripheral  portion  is  a  triple  or  quadruple 
layer  of  cells,  t.ad,,  with  thick  and  highly  cuticularised  walls.  These 
cells,  in  transverse  and  longitudinal  section,  are  roughly  speaking 
rectangular  in  form,  and  constitute  the  so-called  aleurone- layer  of 
the  endosperm.  They  are  present  in  the  seeds  of  all  the  Grasses,  but 
vary  much  in  form  and  arrangement ;  they  are,  however,  always 
peripheral  in  position,  and  their  contents  consist  mainly  of  spherical, 
closely  packed,  aleurone-grains  and  fat,  embedded  in  a  protoplasmic 
matrix  in  which  a  well-defined  nucleus  is  recognisable.  The  aleurone- 
layer  in  barley,  where  it  is  in  contact  with  the  starch-containing 
cells,  is  generally  represented,  as  has  been  already  stated,  by  a  triple 
or  sometimes  quadiniple  row  of  cells,  but  when  traced  downwards  it 
changes  its  character  in  the  portions  surrounding  the  embryo,  becom- 
ing a  single  layer  of  smaller  cells,  which  gradually  die  away  when 
followed  towards  the  base  of  the  grain.  This  modified  aleurone- 
layer  does  not  enter  the  embryo  at  any  point,  but  is  only  in  close 
contact  with  it. 

Lying  between  the  starch-containing  portions  of  the  endosperm  and 
the  embryo  is  a  comparatively  thick  layer  of  emptied  and  compressed 
cells,  t.  am,  exs.y  belonging  to  the  endosperm,  the  existence  of  which 
calls  for  a  word  of  explanation.  In  the  early  stages  of  the  develop- 
ment of  the  endosperm,  the  starch- containing  cells  at  one  time  occupy 

•  These  Btarch-containing  cells  of  the  endosperm  possess  a  nucleus  which,  how- 
ever, in  the  case  of  barley  is  somewhat  diflScult  to  recognise.  We  have  found  that 
the  best  way  to  demonstrate  its  existence  in  this  and  other  seeds  of  the  Graminee 
is  to  digest  thin  sections  of  the  endosperm  at  Aff  C.  with  dilute  taliva  for  a  few 
hours.  In  this  way  the  starch -granules  are  completely  dissolved,  leaving  a  beauti- 
ful reticulum  of  protoplasm  showing  the  cavities  originally  occupied  by  the  starch- 
granules.  On  staining  with  methjl-green  or  cosine,  the  nuclei  are  rendered  visible. 
This  method  of  clearing  sections  of  their  starch  by  means  of  saliva  is  a  highly  con- 
venient one,  since  it  leaves  the  other  cell-contents  almost  completely  unacted  upon, 
which  is  not  the  case  with  the  methods  ordinarily  in  use. 
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nearly  the  whole  cavity  of  the  rapidly  increasing  embryo-sac,  and  the 
embryo,  which  arises  in  the  apical  end  of  the  sac  from  the  fertilised 
oosphere,  is  almost  surrounded  by  the  yonng  tissue  of  the  endosperm. 
The  development  of  the  embryo,  except  in  its  very  early  stages, 
before  the  disappearance  of  its  suspensor,  takes  place  wholly  at  the 
expense  of  the  endosperm,  and  as  its  position  becomes  lateral,  the 
whole  embryo  grows  rapidly  and  encroaches  upon  the  space  occupied 
by  the  parenchyma  of  the  endosperm,  emptying  its  cells  of  their 
starch  and  protoplasmic  contents.  The  cell-walls  of  the  tissue,  thus 
put  under  contribution,  do  not,  however,  share  the  fate  of  the  cell- 
contents,  but  persist  in  the  ripe  grain  as  a  belt  of  transparent  cellular 
tissue,  in  which  the  individual  cell- walls  are  not  always  distinguish- 
able, owing  to  their  extremely  close  adhesion.  The  appearance  of 
this  layer  in  some  of  the  principal  Grasses  will  be  referred  to  in  a 
future  part  of  this  paper. 

The  embryo  is  situated  laterally  at  the  base  of  the  seed,  and,  on  the 
side  adjacent  to  the  endosperm,  has  a  shield-like  expansion  of  its 
hypocotyl,  the  scutellumy  scut,^  which  is  characteristic  of  the  seeds  of 
the  Gramine89,  and  which,  lying  as  it  does  in  close  contact  with  the 
endosperm,  serves  as  a  special  organ  of  absorption,  through  which, 
during  germination,  the  nutritive  matter  stored  in  the  endosperm 
must  pass  on  its  way  to  the  growing  portions  of  the  embryo. 

The  actual  line  of  separation  between  the  embryo  and  endo- 
sperm is  marked  by  a  line  of  cells  forming  a  well-marked  ^f>ithelium^ 
t.  abs,,  which  covers  the  whole  of  that  portion  of  the  scutellum  in 
contact  with  the  endosperm. 

In  the  case  of  barley,  the  cells  of  this  epithelium  are  very  columnar 
in  shape,  having  a  length  of  about  003  to  0*04  mm.,  and  a  breadth  of 
0*01  mm.  They  are  arranged  with  their  longer  dimensions  normal  to 
the  sui'face  of  the  scutellum,  and,  whilst  the  bases  of  the  cells  are 
closely  united  with  the  subjacent  tissue  of  the  scutellum,  their  free 
extremities  are  in  the  very  closest  contact  with  the  depleted  layer  of 
cells,  t.  am.  ex8,y  of  the  endosperm,  but  are  not,  except  in  very  rare 
instances,  in  any  way  organically  united  with  this  tissue. 

We  shall  have  occasion,  at  some  future  time,  to  describe  the 
appearance  of  this  epithelium  as  it  occurs  in  many  of  the  Grasses.  In 
all  cases  its  individual  cells  are  columnar  in  form  throaghout  the 
greater  part  of  the  scutellum,  and  this  structure  we  find  assumed  at 
a  very  early  period  of  its  developmental  history. 

The  cell- walls  of  the  epithelium  are  very  thin,  and  are  not  in  the 
least  cuticularised.  The  cell-contents,  before  the  oommencement  of 
germination,  are  very  finely  granular,  and  the  nucleus,  which  is  large 
and  elliptical  in  shape,  lies  near  the  base  of  the  cell  with  its  longer 
dimension  across  the  cell. 
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The  modifications  which  the  cell-contents  undergo  daring  germina- 
tion will  be  referred  to  in  detail  later  on. 

Since  the  whole  of  the  reserve  matter  of  the  endosperm  must 
traverse  this  columnar  epithelium  on  its  way  to  the  growing  parts, 
and  this  special  form  of  cell  is  absent  from  the  exterior  regions  of 
the  scutellum,  which  do  not  border  on  the  endosperm,  it  has  been 
concluded  by  physiologists  that  its  functions  must  have  an  intimate 
relation  to  this  transference  of  nutritive  matter.  Sachs  first  recog- 
nised this,  and  gave  the  name  of  absorptive  epithelium  (''  Anfsauge- 
Epithel ")  to  this  particular  tissue.  We  shall  have  occasion  to  show, 
later  on,  that  this  function  of  absorption  is  one  which  the  epithelium 
shares  with  the  deeper-seated  cells  of  the  scutellum  and  the 
principal  organs  of  the  axis,  whilst  the  properties  which  markedly 
differentiate  it  physiologically  from  the  other  tissues  are  its  specialised 
secretory  functions. 

The  cells  of  the  scutellum  underlying  the  epithelium  are  polyhedral, 
and  have  well-marked  laminated  walls  and  conspicuous  intercellular 
spaces. 

A  few  words  descriptive  of  the  contents  of  these  and  of  other  cells 
of  the  embryo  will  not  be  out  of  place,  as  but  very  few  observations 
have  been  made  on  the  subject.  If  sections  are  made  from  the  dry 
embryo  of  barley  tangeutial  to  the  surface  of  the  scutellum,  and 
tliese  are  examined  in  alcohol,  the  cell-contents  of  the  scutellar 
parenchyma  are  seen  to  consist  principally  of  minute  spherules  of 
aleurone^  which  can  be  seen,  on  suitable  treatment  with  reagents,  to 
be  embedded  in  a  fine  protoplasmic  network.  The  minute  globules 
of  fat  which  are  mingled  with  the  aleurone-grains  run  together,  and 
become  much  more  conspicuous  after  treating  the  section  with  water 
or  alcohol.  If  the  fat  is  dissolved  by  means  of  ether,  the  spherules 
of  aleurone  appear  with  very  great  distinctness  and  in  a  state  very 
favourable  for  examination  with  reagents.  They  give  all  the  usual 
microchemical  reactions  for  protelds,  and  on  flck>ding  the  section  with 
water  the  grains  lose  their  sharp  spherical  contour,  swell  up  slightly, 
and  exhibit  pitted  markings  on  their  surface,  clearly  indicating  that 
a  portion  of  their  substance  has  been  dissolved.  Continuous  washing 
with  water  does  not  completely  dissolve  the  grains,  although  they 
are  much  altered  in  form  by  such  treatment ;  but  they  are  completely 
and  instantaneovuily  dissolved  by  a  10  per  cent,  solution  of  sodium 
chloride,  with  the  exception  of  an  extremely  minute  globoid  of  an 
ioorganic  salt,  without  any  crystalline  structure,  and  consisting 
probably  of  the  double  phosphate  of  calcium  and  magnesium. 

If  the  sections  have  been  lying  in  alcohol  for  any  length  of  time, 
the  aleuroue-grains  acquire  the  power  of  resisting,  to  a  great  extent, 
the  action  of  both  water  and  sodium  chloride  solutions.    As  regards 
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the  nature  of  the  albozainoids  composing  them,  it  appears  pretty 
certain  that  these  alenrone-grains  of  the  seutellnm  contain  at  least 
two  distinct  componnds,  one  belonging  to  the  class  of  the  aJhvmoseSj 
the  other  to  that  of  the  vegetable  globulins.  In  this  respect  thej 
resemble  the  alenrone-grains  of  most  seeds  which  have  been 
examined. 

Immediately  below  the  scntellum,  and  in  intimate  organic  connec- 
tion with  it,  are  the  main  organs  of  the  axis,  the  plumule  and  radicle. 
The  former  consists  of  fonr  mdimentar j  leaves,  /.i,  /.2,  /.»,  f-^-^  enclosed 
in  the  plumnle-sheath,  Jcsch.,  whilst  the  primary  radicle,  with  its  root- 
cap,  is  completely  embedded  in  the  coleorhyza,  or  root-sheath,  col. 
The  commencement  of  secondary  radicles  can  frequently  be  seen  in 
the  matore  and  resting  embryo;  these  arise  in  the  meristematio 
portion  of  the  hypo-ootyledonary  axis,  Xj  lying  between  the  primary 
root  and  the  plumule. 

In  the  zone  of  tissue  between  the  bases  of  the  plumule  and  the 
radicle  some  procambium  strands,  proc^j  take  their  rise  and  can  be 
followed  thence  into  the  scutellum,  the  rudimentary  leaves  of  the 
plumule^  and  into  the  axial  fibro-vascular  cylinder  of  the  radicle. 
These  procambium  strands  represent  and  mark  out  the  future  vas- 
cular bundles. 

The  ceUs  of  the  coleorhyza  contain  protoplasm  which  is  com- 
paratively clear  and  ungranulated,  and  possess  a  nucleus  which  be- 
comes very  well  defined  on  staining  with  aniline-green.  In  a  median 
sagittal*  section  of  the  embryo,  such  as  that  depicted  on  Plate  I,  it  is 
seen  that,  in  form,  the  cells  of  the  coleorhyza  do  not  difEer  essentially 
from  those  of  the  scutellum,  but  the  difference  in  the  cell-contents  is 
very  strongly  marked.  The  meristematic  portion,  Xj  lying  between  the 
bases  of  the  plumule  and  radicle,  is  made  up  of  cells  containing  some 
fat,  and  filled  with  a  protoplasm  which  is  decidedly  more  coarsely 
granular  than  that  of  the  coleorhyza  cells  themselves.    As  the  tissue 

*  In  order  to  avoid  periphrasis  aa  much  as  possible,  we  have  adopted  the  follow- 
ing terminology  as  being  conyenient  for  use  in  describing  the  anatomy  of  the 
Tarious  parts  of  the  seed.  The  terms  haye  been  for  the  most  part  borrowed  from 
those  in  use  by  human  anatomists. 

The  furrowed  side  of  the  grain,  i.e.y  that  which  is  coyered  by  or  adjacent  to  the 
superior  palea,  is  the  ventral  surface,  the  opposite  side  being  dortcU,  The  aspect  of 
any  part  nearer  to  the  embryo  is  oaHeA  proxianal,  whilst  that  more  remote  is  distal. 
A  plane  or  section  carried  longitudinally  through  the  yentral  and  dorsal  surfaces 
(that  is,  from  front  to  back)  is  called  a  sagittal  section,  the  longitudinal  plane  or 
section  at  right  angles  to  this  being  coronal.  The  sagittal  plane  which  divides  the 
grain  into  two  symmetrical  halves  is  the  median  eagittal  plane.  A  plane  or  section 
carried  across  the  grain,  at  right  angles  to  the  sagittal  and  coronal  planes,  is  trans' 
vereey  the  median  tranevene  or  equatorial  eeotion  being  the  one  which  divides  the 
grain  midway  between  its  upper  and  lower  apex. 
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is  traced  downwards  into  the  coleorhyza,  the  cell-contenfcs  are  seen  to 
become  less  granular,  the  passage  from  one  kind  of  cell  to  the  other 
being  very  rapid. 

(3.)   The  Visible  Changes  which  occur  in  the  Embryo  and  Endosperm 
during  Qermination, 

The  mature  and  resting  embryo  either  contains  no  starch  at  all 
within  its  tissue  or  but  the  mei^st  traces,  which  are  generally  con- 
fined to  the  basal  margin  or  "  heel "  of  the  scntellnm,  but  we  have 
also  occasionally  observed  a  few  starch-grannies  remaining  in  the 
periblem  of  the  radicle,  and  in  the  meristematic  tissue,  a,  between 
the  plumule  and  radicle.  In  the  early  stage  of  its  development  from 
the  oosphere,  starch  is,  however,  abundant  in  the  yoang  embryo. 
When  the  embryo  has  so  far  developed  as  to  have  a  length  of  about 
2  mm.  and  a  breadth  of  1*5  mm.,  starch  is  abundantly  present  in  the 
Bcntellnm,  and  also,  but  to  a  less  extent,  in  the  coleorhyza  and 
plumule-sheath.  As  the  embryo  acquires  its  full  dimensions,  its  cells 
are  gradually  depleted  of  their  starch,  until,  as  we  have  seeli,  but 
mere  traces  remain  in  the  mature  and  resting  germ.  When,  after 
the  resting  period,  the  seed  is  put  under  conditions  favourable  for 
germination,  the  first  visible  signs  of  growth  are  accompanied  by  a 
re-appearance  of  starch  in  certain  portions  of  the  tissue. 

The  first  indications  of  growth  are  afforded  by  an  elongation  of 
the  primary  radicle,  and  before  this  has  broken  through  the  coleo- 
rhyza, this  and  the  periblem  of  the  radicle  itself  are  fonnd  to  contain 
starch  abundantly,  and  this  substance  can  also  be  detected  in  the 
leaves  of  the  plumule.  Up  to  this  point  the  cells  of  the  scntellnm 
still  remain  fi-cefrom  starch,  but  their  contained  aleurone-grains  have 
more  or  less  disappeared,  leaving  a  coarsely  granulated  protoplasmic 
matrix  containing  abundance  of  fat  or  oil. 

As  germination  continues,  by  the  time  the  primary  root  has  broken 
through  its  coleorhyza,  and  the  ]>Iumule,  enveloped  in  itB  sheath  has 
ruptured  a  portion  of  the  opposing  integument  of  the  seed,  abundance 
of  starch  makes  its  appearance  in  the  plumule-sheath,  the  periblem  of 
the  radicle,  the  root-cap,  and,  speaking  generally,  in  all  the  parenchy- 
matous tissue  immediately  sun^ounding  the  young  vascular  bundles. 
This  is  the  so-called  starch-conductiug  tissue  of  Sachs,  which  a  little 
later  on  becomes  perfectly  gorged  with  starch.  Neither  the  vascnlar 
tissue  itself  nor  the  actively  growing  points,  as  has  been  pointed  out 
by  Sachs,  contain  a  trace  of  starch,  and  it  is  less  abundant  in  the 
remains  of  the  coleorhyza  than  it  is  at  the  very  commencement  of 
germination.  The  cells  of  the  sciUdlum,  when  the  primary  radicle  is 
just  breaking  through  its  sheath,  begin  to  show  indications  of  small 
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starch-grannies  which  are  embedded  in  the  protoplasm,  and  rapidly 
increase  in  size  and  number.  Prolonged  investigation  has  shown  ns 
that  these  starch-granules  appear  first  of  all  in  the  cells  of  the  scutel- 
lum  immecUately  underlying  the  absorptive  epithelium,  and  that  they 
gradually  invade  the  underlying  parencb3rma.  Taking  this  into  con- 
sideration, and  also  the  fact  that  the  appearance  of  starch  in  the 
Bcutellum  is  coincident  with  the  very  earliest  signs  of  a  dissolution  of 
the  endosperm,  we  cannot  bnt  conclude  that  we  have  here  the  first 
visible  indication  of  a  passage  of  the  reserve  material  of  the  endo- 
sperm to  the  actively  growing  parts. 

We  have  very  carefully  examined  the  changes  which  take  place  in 
the  epithelial  cells,  more  especially  since  we  have  recognised  their 
highly  important  secretory  functions.  Within  a  few  hours  of  put- 
ting the  moistened  grain  under  conditions  favourable  for  germina- 
tion, we  have  invariably  noticed  that  the  very  finely  gp»nulated 
and  semi-transparent  protoplasm  of  the  epithelial  cells  hecomes  much 
coarser  in  structure^  and  the  granulations,  increasing  in  size  and 
number,  so  far  cloud  the  contents  of  the  cells  that  the  nncleus, 
which  is  such  a  conspicuous  object  before  this  change  is  brought 
about,  becomes  almost  invisible.  The  clouding  of  the  cell-contents 
appears  to  reach  its  maximum  in  from  24  to  86  hours,  or  even 
less,  and  but  little  further  change  in  this  direction  can  be  noticed 
until  the  young  plant  has  grown  to  a  considerable  size,  and  the 
endosperm  is  almost  exhausted  of  its  reserve  material.  As  this 
stage  is  approached,  and  the  epithelium  ceases  to  function  as  a  secre- 
tory and  absorptive  tissue,  the  cell-contents  clear  again,  and  become 
even  more  transparent  than  they  were  originally.  The  protoplasm 
has  at  this  stage  almost  entirely  lost  the  coarse  ^rantiZart^^ which 
eharacterises  it  in  the  earlier  stages,  and  now  contains  but  a  very  few 
extremely  small  and  highly  refractive  granules.  The  cell-contents 
become  almost  perfectly  hyaline,  and  afford  no  indications  of  a  cell- 
nucleus. 

We  shall  have  occasion  to  refer  once  more  to  these  well-marked 
histological  changes  in  the  cell-contents  of  the  absorptive  epithelium, 
which  are  paralleled  by  somewhat  similar  changes  in  certain  secretory 
cells  both  in  animals  and  vegetables. 

As  germination  proceeds,  and  the  contents  of  the  endosperm  are 
gradually  absorbed,  the  free  ends  of  the  epithelial  cells  become  some- 
what club-shaped,  and,  losing  to  a  great  extent  their  lateral  adhesion 
to  each  other,  form  a  sort  of  velvety  pile,  or  a  collection  of  minute 
villi,  which  project  into  the  endosperm.  This  change  is  accompanied 
by  an  apparent  elongation  of  the  columnar  cells. 
^  We  must  now  turn  our  attention  to  the  visible  changes  which  take 
place  in  the  endosperm  itself.     The  first  traces  of  any  action  upon  its 
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contents  are  apparent  as  floon  as  the  primary  radicle  has  burst 
through  the  coleorhyza,  that  is,  after  24  to  36  hours'  germination. 
At  first  the  action  is  wholly  confined  to  a  softening  and  partial  disso- 
lution of  the  cellalose  of  the  depleted  layer  of  cells  lying  at  the 
proximal  end  between  the  absorptive  epithelium  and  the  starch-con- 
tain i  rig  cells  of  the  endosperm.  This  period  corresponds  to  the  first 
appeai-ance  of  transitory  starch  in  the  scntellnm,  and  there  cannot  be 
a  doubt  that  the  cellulose  of  the  depleted  layer  is  the  first  portion  of 
the  reserve  material  which  is  put  under  contribution  for  supplies  to 
the  budding  embryo.  Different  portions  of  the  depleted  layer  do  not 
equally  resist  dissolution,  and,  as  a  general  rule,  we  have  found  that 
when  the  upper  two- thirds  of  the  layer,  as  seen  in  a  longitudinal 
section,  have  been  completely  disintegrated  and  dissolved,  the  re- 
maining third,  adjacent  to  the  ventral  side  of  the  grain,  still  to  some 
extent  retains  its  structure. 

The  extension  of  action  upon  the  contents  of  the  endosperm  is 
marked  by  a  dissolution  of  the  walls  of  the  starch-containing  cells, 
and  the  action  proceeds  progressively  from  the  proximal  to  the  distal 
regions  of  the  endosperm.  The  action  upon  the  starch-granules 
never  takes  place  cu  long  as  the  walls  of  the  cell  containing  them  are 
Intact,  It  is  true  that  action  upon  the  starch-granules  in  the  imrae< 
diate  neighbourhood  of  the  scutellum  can  be  detected  at  a  very  early 
stage  of  germination  (we  have  found  very  distinct  action  when  the 
primary  radicle  was  2  mm.  long  and  the  plumule  1^  mm.),  but  in  all 
these  cases  the  extension  of  the  action  upon  the  cell- walls  themselves 
is  far  in  advance  of  any  visible  action  on  the  starch. 

The  phenomena  attending  the  disappearance  of  the  cell-walls  are 
briefly  as  follows  : — 

In  the  first  place  the  cell-wall  swells  up  slightly,  and  its  stratifica- 
tion becomes  much  more  apparent,  owing  to  a  partial  separation  of 
its  constituent  lamellao.  These  are  gradually  disintegrated,  but  the 
middle  lamella  appears  to  offer  a  somewhat  greater  amount  of  resist- 
ance than  the  others.  Ultimately,  the  whole  of  the  cell-wall  is 
broken  down  into  very  minute,  spindle-shaped  fragments,  with  their 
longer  dimensions  arranged  tangential  to  the  original  cell-wall. 
Owing  to  this  arrangement,  these  minute  fragments,  when  viewed 
with  low  powers,  give  the  appearance  of  a  ghost-like  cell-wall  for 
some  time  after  the  wall  has  really  ceased  to  be  continuous.  Ulti- 
mately, as  the  action  continues,  the  residual  fragments  also  disappear, 
and  there  is  no  visible  sign  of  separation  between  the  contents  of 
contiguous  cells. 

As  these  changes  proceed,  the  whole  contents  of  the  endosperm 
become  considerably  softened,  and  can  readily  be  broken  down 
between  the  finger  and  thumb.     This  is  the  so-called  "  mealiness  "  of 
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the  grain  which  it  is  the  aim  of  the  maltster  to  produce  to  the  (ullest 
extent  daring  the  limited  germination  which  constitutes  the  malting 
process.  We  find  that  this  production  of  mealiness  in  the  contents 
of  the  endosperm  is  undoubtedly  co-teminous  toith  the  dissolution  of 
the  oeUr-wallj  and,  contrary  to  what  is  usually  believed,  is  entirely 
independent  of  the  disintegration  of  the  starch-granxLle.  In  other 
words,  the  "  mealiness "  is  an  accurate  macroscopical  indication  of 
t^e  progress  and  extent  of  the  dissolution  of  the  parenchymatous 
cell-walls.  This  can  be  best  proved  by  making  a  longitudinal  section 
of  a  partially  germinated  grain  of  barley,  and  excising  very  minute 
portions  of  the  endosperm  with  the  fine  point  of  a  scalpel  at  definite 
distances  from  the  scutellum.  The  fragments  are  warmed  gently  on 
a  glass  slide  with  a  fairly  strong  solution  of  caustic  potash  in  order 
to  dissolve  the  starch,  and  the  condition  of  the  cell-walls  determined. 

The  dissolution  of  the  cell- wall  takes  place  in  certain  definite  direc- 
tions in  the  germinating  grain.  Commencing,  as  we  have  seen,  in 
the  depleted  layer  of  cells  in  contact  with  the  epithelium  of  the 
scutellum,  its  progress  along  the  grain  is  considerably  more  rapid  on 
the  dorsal  side,  immediately  under  the  advancing  plumule,  than  on 
the  yent3*al. 

This  phenomenon,  which  is  indicated  diagrammatically  in  Plate  2, 
is  not  due  to  any  direct  influence  exercised  by  the  growing  plumule 
across  the  endocarp  and  testa,  for  it  is  also  observed  to  just  as 
marked  an  extent  in  the  Qraminesd  in  which  the  plumule*  grows 
entirely  ontside  the  integuments  of  the  caryopsis;  and,  moreover, 
the  same  thing  is  observed  when  this  external  growth  of  the  plumule 
is  artificially  brought  about  in  ordinary  barley.  The  explanation  is 
to  be  found  in  the  less  resistance  of  the  cell- walls  on  the  dorsal  side 
to  the  action  of  the  special  agent  which  produces  the  dissolution. 
This  is  no  doubt  intimately  connected  with  the  fact  that  the  cells  of 
the  parenchyma  on  the  dorsal  side  are  younger  in  point  of  develop- 
ment, and  are  consequently  less  likely  to  have  had  their  cell-walls 
altered  in  the  direction  of  lignification. 

The  walls  of  the  starch-containing  cells  of  various  barleys  differ 
materially  in  their  tendency  to  ready  dissolution  during  germination ; 
in  some  varieties  the  resistance  is  considerable,  whilst  in  others  the 
cellulose  yields  very  readily.  This  is  dependent  to  a  yerj  great 
extent  u))on  the  influence  of  soil  and  climate ;  but,  speaking  gener- 
ally, it  may  be  stated  that  the  varieties  of  barley  which  are  most 
prized  for  purposes  of  malting  are  those  in  which  the  cell-walls  give 
way  with  the  greatest  facility. 

•  In  an  early  paper  by  one  of  us  and  Heron  (Trans.,  1879,  S6,  628),  we  stated 
our  belief  that  the  plnmiile,  as  well  as  the  soutellxnn,  is  distinctly  concerned  in  the 
absorption  of  reeerye  material ;  this,  however,  is  oertainly  not  the  case. 
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The  disHolntion  of  the  cell- wall  as  a  first  step  to  the  absorption  of 
the  reserve  materials  takes  place,  doubtless,  in  the  seeds  of  all  the 
GraminesB.  We  have  observed  a  great  number  of  these,  especially  of 
the  cereals,  and  have  found  no  exceptions  to  the  rule. 

In  the  case  of  the  homy  seeds  of  the  brome  grasses,  we  find  the 
walls  of  the  endosperm  cells  thickened  to  such  an  extent  as  to  con- 
stitute a  very  important  part  of  the  reserve  material.  In  Bromus 
mollis  and  B,  asper  this  is  the  case  to  a  very  marked  extent,  and  to  a 
less  degree  also  in  B,  sterilis. 

We  have  germinated  the  seeds  of  the  first  mentioned  species,  and 
find  that  the  highly  thickened  cell- walls  gradually  thin  down,  and  are 
completely  dissolved  within  a  very  short  time,  thus  liberating  the 
small  grains  of  starch  and  the  other  contents  of  the  cells.  The 
action  extends  even  to  the  walls  of  the  aleurone-cells  themselves, 
which,  as  we  shall  see  presently,  are  in  the  seeds  of  the  cereals  highly 
resistant.* 

The  first  visible  action  upon  the  starch  of  the  endosperm,  as  in  the 
case  of  the  cellulose,  takes  place  in  the  immediate  neighhourkood  of 
the  scutellum.  The  earliest  indication  of  such  an  action  can  generally 
be  obtained  when  the  primary  radicle  of  the  embryo  has  acquired  a 
length  of  about  2  mm.,  and  the  plumule  about  1*5  mm. 

As  we  have  already  stated,  the  dissolution  of  the  cell-wall  always 
precedes  the  attack  upon  the  starch,  and  progresses  much  more 
rapidly  than  the  latter.  Both  actions  take  their  course  along  the 
same  lines  in  the  grain,  and  Plate  2,  which  represents  the  progress 
of  the  dissolution  of  cellulose,  represents  also  that  of  the  dissolution  of 
starch,  the  latter,  however,  falling  behind  the  former  in  point  of 
time. 

The  extent  to  which  the  dissolution  of  the  cell-wall  precedes  that  of 
the  cell-contents  is  shown  by  the  following  observations,  which  were 
made  upon  partly  germinated  barley  placed  under  the  ordinary  condi- 
tions of  malting  for  a  period  of  five  days.  Tracing  the  cells  of  the 
endosperm,  on  the  dorsal  side,  from  the  scutellum  to  the  apex  of  the 
grain,  it  was  seen  that  all  traces  of  cell-walls  had  disappeared  for  a 
distance  of  3  mm.  from  the  scutellum,  that  is,  for  about  one-third  of 
the  length  of  the  grain,  and  partial  action  upon  the  cell-walls  could  be 
traced  for  about  1*5  to  2  mm.  farther;  beyond  this  point  the  cell- 

•  That  the  dinoluiion  of  the  cell-wall  invariably  precedes  that  of  the  cell 
contents  during  the  breaking  down  of  the  endosperm  is  a  fact  of  the  highest 
physiological  importance^  and  one  which  for  the  most  part  has  been  strangely  over- 
looked. We  have  been  able  to  discover  only  two  allusions  to  it  in  the  writings  of 
previous  observers.  The  one  is  by  Lermnr,  in  1868  (Dingl,  poltft,  Joum,y  188,  S24), 
the  other  by  Frankhauier  in  1886  {Der  Sund,  37,  No.  26.  Berne).  Further 
reference  will  be  found  later  on  to  the  work  of  Frankhauser. 
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walls  were  nntoucbed.  On  the  other  hand,  indications  of  action 
upon  the  starch-grannies  did  not  extend  in  a  distal  direction  for  more 
than  0'15  mm.  from  the  scntellnm.* 

The  phenomena  which  the  starch-^rrannles  themselves  exhibit 
dnring  dissolution  have  been  described  by  so  many  observers  that  it 
is  unnecessary  to  say  much  on  this  point.  In  the  case  of  germinating 
barley,  minute  pittings  on  the  surface  of  the  granules  are  the  first  indi- 
cations observed  of  any  action  on  the  starch.  These  pittings  increase 
in  number  and  depth  until  the  granule  has  assumed  a  very  irregular 
outline,  and  at  a  later  period  the  occurrence  of  radial  clefts  and  a 
tendency  for  the  laminao  to  separate  from  each  other  result  in  a  con- 
stantly increasing  surface  being  exposed,  and  the  speedy  and  complete 
dissolution  of  the  granule.  Some  of  the  concentric  laminations  of 
which  the  granule  is  made  up  resist  dissolution  much  more  than  others, 
and  often  survive  for  a  considerable  time  as  the  so-called  "  starch- 
skeletons." 

Although  this  mode  of  dissolution  of  the  starch-granule  is  the  one 
which  is  ordinarily  observed  during  the  breaking  down  of  an  endo- 
sperm in  germination,  it  is  essentially  different  from  the  phenomena 
observed  during  the  dissolution  of  transitory  starch  in  an  intact  and 
stiU-living  cell^  when  the  tissue  of  which  the  starch-containing  cell 
foinns  a  part  is  put  under  contribution  to  supply  material  to  another 
growing  part  of  the  plant.  As  we  have  found  that  the  seeds  of  the 
Grrasses  illustrate  these  two  different  modes  of  the  dissolution  of 
starch  in  a  veiy  striking  manner,  we  must  refer  to  them  somewhat  in 
detail. 

We  have  already  referred  to  the  fact  that  the  development  of  the 
embryo  within  the  embryo-sac  is  much  later  in  point  of  time  than  the 
development  of  the  endosperm,  and  that  the  embryo  increases  at  the 
expense  of  the  tissue  of  the  previously  formed  endosperm,  which  it 
invades  and  to  some  extent  absorbs.  The  cells  of  the  endosperm 
which  are  so  absorbed  contain,  in  their  original  state,  large  and  fully 
formed  starch-granules,  not  differing  in  their  appearance  from  those  of 
the  mature  grain,  and  it  might  be  expected  that  their  dissolution  and 
disappearance  would  take  place  much  in  the  same  manner  as  that 
observed  after  the  resting  period  is  over  and  germination  has  com- 
menced. Such,  however,  is  not  the  case,  for  we  have  found,  after  a 
careful  study  of  the  developmental  history  of  the  embryo,  that  the 

*  The  preparation  of  sections  from  partially  germinated  grain  presents  certain 
dilBoulties,  owing  to  their  want  of  coherence  after  tne  dissolution  of  the  cell-walls. 
In  this  and  similar  experiments,  the  grain  was  first  hardened  with  alcohol,  glycerine 
added,  and  the  mixture  allowed  to  remain  exposed  to  the  air  until  the  alcohol  had 
disappeared,  leaving  the  tissue  perfectly  saturated  with  glycerine,  and  fairly 
coherent.  This  method  is  described  by  Bower  and  Vines  in  their  "  Practical  In- 
structions in  Botany." 
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Btarcli-grains  of  the  depleted  portion  of  the  endosperm,  instead  of 
b dooming  pitted,  fissured,  and  corroded,  as  they  do  daring  germina- 
tion, undergo  dissolution  from  the  outside  only,  and  gradually  diminish 
in  size,  -whilst  retaining  almost  to  the  last  their  disooidal  shape  and 
translucency.* 

As  the  starch  and  protoplasm  are  absorbed,  the  shrinkage  of  the 
cell-contents  is  accompanied  by  a  compression  of  the  cell-iralls 
between  the  scutellum  of  the  advancing  embryo  and  the  unaltered 
tissue  of  the  endosperm,  with  a  corresponding  diminution  in  the 
capacity  of  the  cells.        / 

Although  a  superficial  examination  of  ike  phenomena  might  lead  to 
the  belief  that  the  physiological  functions  of  the  embryo  daring 
germination  are  but  an  extension,  after  a  resting  period,  of  those 
exercised  duiing  its  development,  it  is  clear  thsA  this  can  at  any  rate 
only  be  true  to  a  limited  extent. 

Whilst  in  both  cases  we  have  partial  dissolution  of  the  endosperm, 
and  assimilation  of  its  substance,  we  must  notice  ihe  following 
important  points  of  difference : — 

Daring  development  of  the  embryo,  the  ceU-waUs  of  that  portion  of 
the  endosperm  which  is  absorbed  remain  intact  and  the  starch- 
granules  are  dissolved  symmetrically  and  without  corrosion ;  whilst, 
on  the  other  hand,  during  germination,  the  cell- walls  of  the  endosperm 
are  most  readily  attacked,  and  the  starch-granules  are  dissolved  after 
very  irregular  pitting  and  corrosion.  This  diffei'ence  in  behaviour  of 
the  starch-granules  is  not  due  to  any  intrinsic  difEerenoe  in  the  nature 
of  the  granules  at  the  two  periods,  for  we  have  found  that  the 
partially- formed  g^nules  from  the  immature  and  developing  endo- 
sperm, like  those  from  the  mature  grain,  are  capable  of  being  dis- 
solved by  pitting  and  corrosion,  when  they  are  acted  upon  by  a 
solution  of  prepared  diastase.  Some  light  will  be  thrown  upon  the 
cause  of  these  differences  in  a  later  part  of  this  paper. 

We  have  now  only  to  consider  the  visible  changes  which  are  effected 
during  germination  in  the  aleurone-cells,  which  form  the  peripheral 
layer  of  the  endosperm.  These  cells,  whilst  differing  very  mueh  in 
the  various  Grasses  in  size,  shape,  and  number  of  layers,  agree  in  all 
cases  in  possessing  very  thick  and  more  or  less  cuticularised  cell- 
walls,  and  cell-contents  consisting  of  spherical  aleurone-grains  a^d  « 
oertain  proportion  of  fat  or  oil.t 

*  When  ahnost  on  the  point  of  diMppearing,  the  stanh-gnuiiiles  do  foeoome  a 
little  irregular  in  ovtUne  and  loinewhat  leM  tranalnoent,  but  nothing  like  pitting  or 
eonroeion  can  be  at  any  time  detected. 

t  Tangl  showed  in  1885  that  the  fat-containing  oellf  (aleurone-oelk)  of  the 
seeds  of  G-rasses  have  in  their  cell- walls  minute  peiforations  which  establish  a  con- 
tinuity of  protoplasm  from  cell  to  oell.  He  hsd  preyionslj  shown,  in  1879,  a 
simiLur  continuity  of  protoplasm  in  the  endosperm  oells  of  certain  other  seeds. 

Digitized  by  V^OOQIC 


OF   SOME  OF  THE  ORAMINEiB.  473 

Caref al  obserration  apon  germinating  barley  has  oonvinced  ns  that 
neither  the  walls  of  the  aleTU-one-cells,  nor  their  contents,  are  visiblj 
alfcered  daring  the  early  stages  of  growth,  correspoDding  to  the  malt- 
ing period.  It  is  only  when  the  plumule  projects  about  4  or  5  mm. 
from  the  apex  of  the  grain  that  any  signs  of  alteration  can  be  observed ; 
the  aleurone-grains  then  lose  their  sharp  spherical  contour,  becoming 
somewhat  uneven  in  outline,  and  the  cell-walls,  which,  in  their  un- 
altered state,  are  very  transparent,  begin  to  show  signs  of  lamination. 
We  are  by  no  means  convinced,  however,  that  the  alteration  in  the 
appearance  of  the  aleurone-grains  at  this  stage  is  due  to  any  direct 
influence  of  germination,  since  the  grains  undergo  a  similar  alteration 
in  water  only,  providing  this  is  afforded  free  access  by  dividing  the 
cuticularised  cell-wall. 

When  the  endosperm  is  nearly  exhausted  of  its  reserve  starch,  and 
the  young  plant  has  acquired  a  length  of  about  100  mm.,  the  walls  of 
some  of  the  aleurone-cells  show  very  strong  signs  of  dissolution,  and, 
even  where  still  continuous,  exhibit  a  very  marked  stratification,  a 
phenomenon  which  we  invariably  find  preceding  dissolution.  Where 
complete  or  partial  dissolution  of  the  cell-wall  has  taken  place,  the 
cell-contents  are  also  very  much  acted  upon  ;  but  it  is  not  difficult  to 
find,  even  at  this  stage  of  germination,  some  aleurone-cells  which 
scarcely  exhibit  any  change  in  appearance. 

In  the  case  of  barley,  and  of  the  cereals  generflJly,  there  can  be  no 
doubt  that  the  aleurone-cells  contain  a  store  of  proteid  reserve 
material  which  is  destined  only  for  the  IcUe  U9€  of  the  plant,  and 
that  this  is  conditioned  by  the  highly  resistant  properties  of  the 
containing  cell-wall.* 

It  has  been  suggested  at  various  times  that  the  cells  of  the 
aleurone-layer  of  the  endosperm  exercise  an  important  influence  on 
the  dissolution  of  starch  during  germination,  either  by  a  direct  excre- 
tion of  diastase,  or,  as  suggested  by  Tangl,  by  acting  as  a  conductor 
of  diastase  from  the  embryo.  Our  experiments,  so  far,  are  opposed 
to  thifl  view  ;  but  we  hope  at  a  future  time  to  enter  fully  into  this 
important  question  (see  Addendum,  p.  520). 

In  the  germination  of  Bromus  mollis  the  dissolution  of  the  aleurone- 
cells,  by  a  gradual  process  of  thinning  down,  goes  on  much  more 
rapidly  than  in  the  case  of  barley,  considerable  action  taking  place 
within  five  or  six  days  of  the  commencement  of  germination.     This 

*  In  a  remarkable  aeriee  of  physiological  experimenta  earned  out  upon  himself  by 
Aim^  Girard  (Ann,  Chim,  [6]|  8,  289)  in  order  to  determine  the  alimentarj  value 
of  the  protelds  contained  in  the  outer  (alenrone)  layers  of  the  endosperm  of  wheat, 
he  showed  that  the  aleurone-grains  passed  through  the  alimentary  canal  apparently 
unaltered.  The  protection  of  the  protelds  against  the  action  of  the  digestire  secfe- 
tbns  is  doubtloss  emtiiely  due  to  the  highly  impermeable  nature  of  their  cell-walls. 
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is  dne,  as  will  be  shown  in  a  future  communication,  to  the  much 
(greater  activity  of  the  particular  cellulose-dissolving  agent  in  this 
species  of  Grass. 

(4.)  The  Relation  of  the  Embryo  to  the  Sndosperm  that  of  a  Parasite 

to  its  Host, 

From  the  ease  with  which  the  embryo  can,  with  due  precautions, 
be  separated  irom  the  endosperm  without  the  rapture  of  the  tissue  of 
either,  it  is  evident  that  the  relation  of  the  two  is  merely  one  of  very 
close  apposition.*  In  most  of  the  Oramineae  there  is  no  trace  of  any 
organic  connection  between  the  essential  parts  of  the  seed,  and  a 
study  of  the  developmental  history  of  the  embryo  within  the  embryo- 
sac  confirms  this.  After  the  disappearance  of  the  suspensor  and  the 
incorporation  of  the  hypophysis  with  the  root-cap,  the  embryo  is 
free  in  the  apical  portion  of  the  sac,  and  for  its  further  development 
is  dependent  upon  the  young  endosperm. 

It  is  to  Sachs  that  we  owe  the  recognition  of  the  exclusively 
parasitic  nature  of  the  embryos  of  normal  plants,  while  the  endosperm 
'is  still  unexhausted  of  reserve  materials,  and  before  the  appearance  of 
chlorophyll  in  their  tissue.  Just  as  most  of  the  phanerogamous 
parasites  are  connected  with  their  host-plant  by  means  of  special 
haustoria,  through  which  the  substances  of  the  host  must  pass  into 
the  parasite,  so,  in  the  case  of  the  Grasses,  we  find  a  part  of  the  axis, 
the  scutellum,  specially  modified  so  as  to  function  as  a  haustorium, 
through  which  the  altered  reserve  materials  of  the  host-like  endosperm 
pass,  on  their  way  to  the  growing  part  of  the  young  plant. 

In  one  particular,  however,  as  Sachs  has  pointed  out,  the  scutellum 
differs  from  the  haustorium  of  ordinary  parasites;  the  absorbing 
organ  of  the  seedling  is  not  organically  connected  with  the  endosperm, 
but  is  only  in  close  contact  with  it,  whereas  *'  the  haustoria  of  para- 
sites become  so  intimately  connected  with  their  host-plants,  that  it  is 
often  difficult  to  decide  where  the  boundaiy  between  the  two  lies.'* 
("Physiology  of  Plants,"  p.  373.)t 

*  The  only  exception  we  havd  found  to  this  is  in  the  case  of  m&ise,  where  there 
is  to  some  extent  a  oontinuitj  of  tissue  between  the  epithelium  of  the  embrjo  and 
the  oeUular  tissue  of  the  endosperm.  This  continuity  of  tissue  which  is,  however, 
very  incomplete,  accounts  for  the  difficulty  experienced  in  dissecting  out  the  em- 
bryo of  maize  in  its  entirety.  As  soon  as  germination  has  commenced,  the  connect- 
ing  tissue  disappears,  and  the  embryo  can  without  difficulty  be  separated  from  the 
endosperm. 

t  Some  doubt  has  of  late  been  thrown  upon  the  generally  received  8l«tem(>nt 
that  the  embryo,  during  germination,  derives  its  nourishment  from  the  endosperm 
only  through  the  intermediary  tissue  of  the  scutellum.  Matthews  and  Lott,  in 
•their  recent  work  on  "  The  Microscope  in  the  Brewery,"  p.  l-IA,  suggest  that  the 


Digitized  by  VjOOQIC 


OF  SOME  OF  THE  GRAMINEJE.  475 

Granting  the  parasitical  relation  of  the  embrjo  to  its  endosperm, 
it  appeared  to  us  that  it  onght  to  be  possible,  after  dissection  of  the 
embrjo  from  its  natural  host,  to  cultivate  it  upon  artiBcial  endosperms 
of  known  and  perfectly  definite  composition,  and  in  this  way  obtain 
information  of  the  highest  value  in  determining  the  nature  of  the 
complex  chemical  changes  attending  germination. 

The  results  of  some  preliminary  experiments  in  this  direction  were 
described  by  one  of  us  towards  the  close  of  the  year  1888  (see 
Presidential  Address  for  1888,  TranscLctions  of  Burton-on-Treiit 
Natwral  History  Society ^  1,  110).  At  that  time  we  were  under 
the  impression  that  no  attempts  had  been  previously  made  in  this 
direction,  but  careful  search  has  shown  us  that  a  few  workers  have 
carried  out  experiments  upon  the  artificial  nourishment  of  the  excised 
embryo  of  certain  seeds,  but,  for  the  most  part,  they  have  had  in  view 
a  different  object  from  the  one  which  we  have  referred  to  above.  It 
will  be  necessary,  in  the  first  place,  to  give  a  short  account  of  the 
work  of  these  observers. 

In  an  important  memoir  on  germination,  published  by  A.  Gris,  in 
1864  {Aimales  des  Sciences  NaturelleSy  Botanique  [6],  2),  the  author, 
whilst  describing  the  distribution  of  transitory  starch  in  the  embryos 

alenrone-oells,  which  are,  on  the  one  hand,  in  contact  with  the  starch-oontaining 
cells  of  the  endoaperm,  and  on  the  ofcher  with  the  germ,  may  function  in  eome  way 
as  conductors  of  nutriment  from  the  former  to  the  latter.  That  there  should  be 
any  direct  transference  of  reserve  material  from  the  starch-containing  cells  of  the 
endosperm  across  the  walls  of  the  aleurone-celLs  seems  improbable,  since  the 
walls  of  the  latt<«r  are  thick  and  highly  cuticularised,  a  condition  very  unfavourable 
to  the  ready  transmission  of  even  highly  diffusible  substances. 

Since,  howeyer,  it  has  been  shown  by  Tangl  that  there  is  a  continuity  of  the  pro- 
toplasm of  these  cells  through  minute  perforations  in  their  walls,  it  did  not  seem 
altogether  impossible  that  they  might  possess  some  such  function  as  that  suggested 
by  Matthews  and  Lott.  The  following  direct  experiments  were  consequently  made 
with  a  view  to  solving  the  question. 

After  softening  barley  in  water,  the  pale®  were  removed  from  the  base  of  the  grain 
and  the  fine  point  of  a  scalpel  was  then  passed  completely  round  the  edge  of  the 
scuteUum  at  its  junction  with  the  endosperm.  In  this  way  the  continuity  of  the 
aleurone-layer  was  broken,  and  manifestly  nothing  could  pass  along  these  cells  from 
the  endosperm  to  the  embryo.  The  operation  is  a  little  difficult  to  carry  out,  as  of 
c«)ur8e  all  the  retaining  integuments  are  severed,  and  great  care  has  to  be  taken  not 
to  displace  the  embryo.  It  was  found  that  the  corns  so  treated  germinated  as 
freely,  and  produced  plants  which  were  as  healthy  and  vigorous  as  those  derivt'd 
fr»m  the  unmutilated  grain,  facts  which  are  not  consistent  with  the  view  that  the 
aleurone-layer  plays  an  important  part  as  a  conductor  of  reserve  material  from  the 
endosperm  to  the  embryo. 

The  experiment  is  also  equally  against  Tangl's  view  that  the  aleurone-layer  func- 
tions as  a  conductor  of  diastase  from  the  embryo  to  the  principal  mass  of  the 
endosperm  cells,  since  the  breaking  down  of  the  starchy  contents  of  the  endosperm 
occurred  to  the  same  extent  in  both  cases* 

2  K  2 


Digitized  by 


google 


476  BROWN  AND  MORRIS:  THE  GERMINATION 

of  seeds,  iDcidentallj  mentions  the  fact  tbat  lie  had  succeeded  in 
germinating  the  excised  embryos  of  Mirahilis  jcdapa  in  moist  sponge. 
Van  Tieghem»  in  1873,  in  a  paper  entitled  **  Recherches  Phjsiolo- 
giques  snr  la  G-ermination  "  (Annales  dee  Sciences  Nat.  [5],  17,  205), 
discusses  (1)  the  question  of  the  mutual  dependence  of  the  various 
parts  of  the  di£Eerent  organs  of  the  embryo,  and  (2)  the  degree  of 
dependence  of  the  entire  embryo  upon  its  *'aZ6«m6n"  (endosperm). 

In  order  to  arrive  at  oonolusions  upon  the  first  of  these  points,  he 
effected  systematic  mutilations  of  the  embryo  before  germination. 
Taking  the  seeds  of  Helianihua  annuus  as  a  type  of  ex-albuminous 
seeds ;  he  dissected  out  the  radicles,  plumules,  and  cotyledons,  and 
found,  to  a  certain  extent,  that  the  separated  portions  were  capable 
of  independent  growth,  and  that  in  some  eases  there  was  even  a 
regeneration  of  some  of  the  organs.  Thus,  for  instance,  the  plumule 
occasionally  regenerates  radicles  at  its  base,  whilst  the  cotyledons 
develop  chlorophyll  within  i^eir  tissue,  and  produce  after  some  days 
several  adventitious  roots,  and  even  perfect  plants.  It  was  also 
found  that  a  fragment  of  any  organ  of  the  embryo  germinates 
independently  of  any  other  fragment.  These  fragments  develop  as 
though  they  still  formed  part  of  the  particular  organ  from  which 
they  were  derived,  and  proportionately  to  the  amount  of  nutritive 
assimilable  matter  which  they  contain  at  the  moment  of  separation. 

The  experiments  upon  ^^ albuminous^*  seeds  were  conducted  upon 
MirahUis  jdlapa  and  Zea  Mays,  Here  again  the  independent  repro- 
duction of  various  parts  of  the  embryo  was  found  to  take  place,  but 
the  scutellum  itself  has  no  such  power. 

The  portion  of  Van  Tieghem's  work  which  has  the  most  direct 
bearing  on  our  enquiry  is,  however,  that  dealing  with  the  degree  of 
dependence  of  the  embryo  on  the  endosperm.  In  MirahUis  jaJapa  it 
was  found,  when  the  embryo  was  separated  from  the  endosperm  and 
germinated  alone,  tbat  for  a  few  days  its  development  was  comparable 
with  that  of  embryos  still  attached  to  their  endosperm,  but  that  this 
equality  of  growth  was  maintained  but  for  a  comparatively  short 
time,  the  development  in  the  former  case  speedily  ceasing. 

Attempts  were  then  made  to  ascertain  if  it  is  indispensable  that 
the  nutritive  material  of  the  endosperm  should  be  contained  in  the 
cells  of  a  tissue,  and  for  this  purpose  artificial  endosperms  were 
prepared  by  triturating  the  "  albumen  "  of  the  seed  under  experiment, 
making  it  into  a  paste,  rolling  it  into  little  balls,  and  applying  these 
closely  to  the  embryo. 

Under  these  conditions  a  sensible  absorption  of  the  "albumen" 
takes  place,  sufficient  to  show  that  the  nutritive  power  of  the 
endosperm  is  not  necessarily  dependent  upon  cellular  organization. 
Similar  experiments  carried  out  with  artificial  endosperms  made  of 
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potato-starch,  potato-starch  with  phosphates  and  nitrates,  and  with 
the  flour  of  Polygonum  Fagopyrum,  led  Van  Tieghem  to  the  following 
generalisation  of  results.  The  embryo  of  Mirdbilis  jcUapa  (doubtless 
there  are  also  many  other  plants  which  would  behare  in  the  same 
way)  can  develop  into  a  young  green  plant  without  the  aid  of  the 
*'  albumen."  The  influence  of  the  albumen  is  only  manifested  at  a 
later  stage. 

The  nutritive  matter  of  the  '*  albumen  "  can  be  replaced  up  to  a 
certain  point  by  a  paste  formed  of  its  own  substance,  or  by  a  paste 
containing  the  predominating  substance  of  ^'  albumen,"  starch,  the 
nutritive  effect  of  which  is  increased  by  the  addition  of  mineral 
nitrates  and  phosphates. 

In  the  year  1876  Blociszweski  (Landwirthsch,  Jahrhucher  von  v. 
Nathusius  8f  Thiel,  6,  145 ;  and  also  Jahrsber.  d.  Agricultur  Chem,^ 
1875 — 6,  232)  described  a  number  of  experiments  which  he  had  made 
on  several  kinds  of  seeds,  including  thoee  of  maize,  clover,  oat,  rye, 
pea,  and  lupin.  He  endeavoured  to  grow  in  moist  earth  the  embryos 
of  these  seeds  separated  wholly  or  in  part  from  their  endosperms,  or 
cotyledons,  as  the  case  might  be.  The  results  indicated  that  the 
naked  embryo  can  grow  without  the  aid  of  the  stored- up  reserve 
material  of  the  cotyledon  or  endosperm,  and  that  assimilation  begins 
provided  the  plumule  has  the  necessary  amount  of  light.  The 
development  of  the  naked  embryo  is  better  the  larger  the  proportion 
this  bears  to  the  total  weight  of  the  seed. 

These  experiments  of  Blociszweski  are,  as  he  himself  points  out, 
opposed  to  those  conducted  by  Sachs  with  the  kidney-bean  and  maize 
(Botan.  Zeit,,  1862,  148),  in  which  the  embryo  under  the  most 
favourable  circumstances  developed  dwarfed  plants,  and  ultimately 
perished. 

Blociszweski  also  repeated  the  experiments  of  Van  Tieghem, 
already  alluded  to.  He  supplied  the  embryos  of  rye  and  of  peas 
with  artificial  endosperms  made  of  (1)  the  macerated  "  albumen  '*  or 
cotyledon,  (2)  starch,  (3)  grape-sugar,  and  (4)  asparagin,  or  with 
mixtures  of  these  substances.  Bye  embryos  can  absorb  their  own 
macerated  endosperm,  starch,  and  grape-sugar,  but  not  asparagin. 
The  embryo  of  the  pea  can  make  use  of  starch,  sugar,  and  also  of 
asparagin  in  very  weak  solutions,  but  it  cannot  absorb  nutriment 
from  its  own  cotyledons  after  these  have  been  macerated. 

The  above  are,  as  far  as  we  have  been  able  to  ascertain,  the  only 
experiments  which  have  any  direct  bearing  upon  the  germination  of 
the  isolated  embryos  of  seeds,  and  it  will  be  noticed  that  these  have 
been  undertaken  more  with  the  object  of  ascertaining  the  degree  of 
mutual  dependence  of  the  various  parts  of  the  embryo,  and  the 
amount  of  dependence  of  the  latter  upon  its  cotyledon  or  endosperm, 

Digitized  by  VjOOQIC 


478  BROWN  AND  MORRIS:  THE  GERMINATION 

tlian  with  a  view  to  explain  any  of  the  physiological   processes 
attending  germination. 

The  following  experiments  illustrate  in  a  very  striking  manner  the 
parasitic  nature  of  the  embryo  of  the  seeds  of  the  Grasses. 

(6.)  Development  of  Excised  Embryos  upon  Foreign  Endosperms, 

If  the  inferior  palea  of  a  grain  of  barley  softened  in  water  is 
divided  at  its  base  by  two  or  three  longitudinal  cuts,  and  the  strips 
are  turned  back,  the  outline  of  the  embryo  is  clearly  visible  beneath 
the  thin  covering  of  the  pericarp  and  the  testa.  By  passing  the  sharp 
point  of  a  small  scalpel  round  the  edge  of  the  scutellum  the  embryo 
can  be  removed  intact.  If  a  well  selected  embryo  fix)m  another 
grain  of  barley  is  now  excised,  it  may,  without  di£Bculty,  be  placed  in 
the  position  of  the  first  embryo,  and,  providing  the  selection  with 
regard  to  size  and  shape  has  been  a  judicious  one,  very  close  adhesion 
can  be  brought  about  between  the  embryo  and  its  new  endosperm. 
The  small  flaps  of  the  palea  are  brought  back  into  their  natural 
position,  and,  if  necessary,  a  loop  of  thin  silver  or  platinum  wire  is 
passed  around  the  base  of  the  grain  to  secure  the  embryo  in  its 
place. 

When  the  grain  after  such  treatment  is  put  under  conditions 
favourable  for  germination,  the  "  grafted  '*  embryo  develops  into  a 
young  plant  almost  as  readily  as  if  it  were  still  dependent  upon  its 
own  endosperm.  The  contents,  of  the  foreign  endosperm  undergo  all 
the  usual  changes  att-ending  their  absorption,  and,  in  fact,  if  we  have 
been  fortunate  enough  to  exclude  the  germs  of  mould  during  the 
operation,  the  growth  is  in  every  way  normal. 

We  have  succeeded  also  in  obtaining  a  partial  development  of  the 
embryo  of  barley  upon  the  endosperm  of  whecU,  but  the  growth  of  the 
barley  plant  is  not  very  perfect  under  these  conditions,  owing  to  the 
great  diiference  in  size  and  shape  between  the  wheat  and  bai*ley 
embryo,  and  the  consequent  difficulty  of  adjustment  in  such  a 
manner  as  to  provide  sufficient  contact  to  ensure  rapid  absorption. 

(6.)  The  Starch-containing  Portion  of  the  Endosperm  to  he  regarded  as 
a  Storehouse  of  Bead  Reserve  Material^  no  Residue  of  Vitality  being 
recognisable  in  its  Cells, 

It  is  of  the  highest  importance  to  determine  if,  in  the  ripe  and 
resting  seeds  of  tbe  Grasses,  vitality  is  confined  to  the  embryo,  or  if, 
on  the  other  hand,  there  is  any  residual  life  in  the  cells  of  the 
endospei'm ;  for  on  the  answer  to  this  question  depends  the  degree  of 
complexity  of  the  problem  before  us,  that  is,  an  elucidation  of  the 
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cbemical  changes  oocniring  in  the  reserve  materials  of  tihe  endosperm 
daring  germination. 

It  is  clear  that  if  the  endosperm  can  be  shown  to  be  a  reservoir  of 
material  stored  in  cells  which  have  lost  all  those  functions  which  we 
associate  with  the  word  vital,  the  problem  will  resolve  itself  into  a 
Btndj  of  the  chemical  changes  brought  about  in  dead  inert  material, 
and  initiated  in  some  way  or  other  from  without,  tbrough  the  agency 
of  the  embryo.  If,  on  the  other  hand,  the  cells  of  the  endosperm 
retain,  in  the  same  way  as  do  the  cells  of  the  embryo,  any  of  the 
vitality  which  they  undoubtedly  possessed  during  development,  and 
as  long  as  reserve  material  was  being  deposited  within  them,  then  the 
chemical  processes  expressing  the  changes  brought  about  by  the 
metabolic  activity  of  those  cells  may  be  in  the  highest  degree 
complicated  and  difficult  to  follow. 

Hitherto  but  few  experiments  have  been  made  with  the  special 
object  of  determining  if  the  endosperm  of  seeds  retains  any  vitality, 
and  does  anything  towards  preparing  its  contained  reserve  materials 
for  the  embryo;  and,  as  far  as  we  have  been  able  to  ascertain,  no 
direct  experiments  of  the  kind  have  been  made  on  the  seeds  of  the 
Grasses. 

A.  Gris  found  (Aniudes  des  Sciences  NaL,  Botanique  [5],  2,  5, 
1865)  in  the  case  of  Bidntis  communis  that,  after  complete  absorption 
of  the  cell-contents  of  the  endosperm  under  the  infloence  of  germi- 
nation, there  is  developed  in  some  of  the  cells  a  rose-coloured  sub- 
stance, whilst  others  show  a  protoplasmic  layer  and  a  nucleus  around 
which  very  small  starcb-granules  are  in  course  of  development. 

In  1877,  the  subject  was  more  fully  examined  by  Van  Tieghem 
{Compt,  rend,,  84,  578),  who  found  that  the  endosperm  of  Bicinvs 
when  separated  from  its  cotyledons,  showed  unmistakable  signs  of 
development  when  placed  under  favourable  conditions,  such  internal 
changes  taking  place  in  its  tissues  as  to  prove  beyond  ail  doubt  that 
the  cells  composing  it  are  still  living.  No  such  changes,  on  the  other 
hand,  could  be  induced  in  the  following  seeds  after  they  were  deprived 
of  their  embryos:  Mirahilis  longiflorus,  Canna  auranticLca,  Aucuha 
Japonica,  and  Phosnix  dactyli/era. 

The  general  conclusions  at  which  Yan  Tieghem  arrives  are  that  an 
endosperm,  such  as  that  of  Evcinus,  containing  oil  and  aleurone  as 
reserve  materials,  is  endowed  with  a  vital  activity  of  its  own,  by 
virtue  of  which  it  digests  the  reserve  material,  which  has  then  only 
to  be  absorbed  by  the  embryo.  On  the  other  hand,  the  endosperm 
of  seeds  whose  reserve  materials  consist  of  starch  and  cellulose 
remains  passive  during  germination,  and  the  digestion  of  its  reserve 
matter ials  is  in  this  case  effected  by  the  embryo.* 

*  J.  R.  Gtreen,  hi  a  recent  paper  on  the  "  Germination  of  Sicxmu  communu" 
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In  the  case  of  barley,  we  have  never  been  able  to  detect  in  the 
starch -containing  cells  of  the  endosperm  any  histological  changes  at 
all  suggesting  residual  vitality  in  the  remnant  of  the  protoplasm 
enclosing  the  starch-grannies,  and  the  readiness  with  which,  in  the 
very  early  stages  of  germination,  these  cells  are  completely  broken 
down  and  disintograted  tends  to  negative  the  idea  that  the  protoplasm 
is  still  living.  From  the  highly  nucleated  state  of  the  aleurone-cells, 
on  the  other  hand,  and  from  the  general  tendency  of  the  observations 
of  Van  Tieghem,  just  alluded  to,  there  does  seem  a  considerable 
amount  of  probability  that  these  peripheral  cells  of  the  endosperm 
may  still  retain  some  vitality  throughout  the  resting  period  of  the 
seed.  This  is  a  question  which  will,  however,  require  separate 
treatment,  and  it  must  be  understood  that  the  following  observations 
refer  only  to  the  principal  mass  of  the  endosperm — ^the  staruh- 
containing  cells. 

It  is  manifest  that  the  proof  of  the  non -existence  of  vitality  in 
these  cells  must,  like  all  negative  propositions,  be  a  matter  of 
considerable  difficulty;  the  probability  of  the  supposition  being 
correct  will,  however,  be  increased  if  it  can  be  shown  that  the  cells 
of  the  endosperm  when  put  under  apparently  most  favourable  con- 
ditions cannot  originate  any  change  within  themselves,  and  it  will  be 
rendered  still  more  probable,  and  the  whole  idea  of  residaal  vitality 
shown  to  be  superfluous,  if  an  endosperm  has  been  treated  in  such  a 
manner  as  to  destroy  with  certainty  any  residual  life  which  it  might 
contain,  and  a  living  embryo  grafted  upon  this  endosperm  is  found  to 
produce  in  it  all  the  changes  incident  to  normal  germination. 

We  have  already  considered  the  physical  changes  which  take  place 
in  the  endosperm  when  the  intact  seed  is  placed  under  conditions 
favourable  to  germination,  but  the  changes  are  of  a  totally  different 
nature  if  tbe  embryo  is  previously  excised.  Under  these  altered 
conditions,  no  change  is  observable  in  the  endosperm  which  cannot  be 
directly  attributed  to  the  action  of  micro-organisms  from  without ; 
on  the  one  hand,  from  the  penetration  into  the  tissue  of  the  mycelia 
of  fungi,  and,  on  the  other,  from  the  attack  of  Schizomycetes  of 
various  species,  which  gradually  pulp  and  disintegrate  the  mass  of 
tissue  from  without  inwards. 

It  is  manifest,  however,  that  the  fact  of  no  visible  changes  taking 
place  in  the  endosperm  under  these  conditions  is  no  proof  of  an 
absence  of  metabolic  activity  in  the  parenchymatous  cells,  since  no 
provision  is  made  for  the  removal  of  the  products  of  metebolism,  a 
removal  which  is  brought  about  under  natural  conditions  by  the 
"  centripetal "  action  of  the  growing  embryo. 

communicated  to  the  Bojal  Society,  January  81, 1  90,  fully  confirms  Van  Tieghem's 
statement  as  to  the  vitality  of  the  endospenn  of  the  seed  of  that  plant. 
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In  order  to  meet  this  objection,  a  nnmber  of  grains  of  barley,  with 
their  embryos  removed,  were  arranged  with  tbeir  proximal  ends 
inserted  in  small  holes  in  a  mica  plate,  which  was  suspended  at  the 
surface  of  water  in  such  a  manner  that  the  endosperms  were 
immersed  for  a  distance  of  a  few  millimeters.  By  this  arrangement, 
any  products  of  metabolism  could  readily  diffuse  through  the 
'^  depleted  layer/'  The  experiment  was  varied  by  using  water,  and 
extremely  dilute  formic  or  hydrochloric  acid,*  but  in  no  case  could 
the  slightest  indication  be  obtained  of  any  physical  or  chemical 
changes  arising  within  the  cells  of  the  endosperm  under  these 
cooditions,  even  after  the  lapse  of  a  considerable  time.  The  tissue 
was,  however,  slowly  invaded  from  without  by  Schizomycetes, 
especially  Bacillus  amylohacter,  which  gradually  separated,  and 
ultimately  destroyed,  the  walls  of  the  starch-containing  cells. 

In  the  second  series  of  experiments,  living  embryos  were 
'^  grafted  "  upon  endosperms  which  had  been  treated  in  such  a  way 
as  to  destroy  any  residual  life  in  their  cells.  In  the  first  instance,  we 
submitted  dry  barley  to  the  action  of  chloroform  vapour  for  24  hours. 
The  grain  was  then  heated  for  four  hours  to  90 — 100*"  C,  and,  after 
soaking  in  water,  the  dead  embryos  were  removed  and  replaced  by 
those  obtained  from  fresh  barley.  The  embryos  so  treated  readily 
grew  into  perfect  plants,  and  this  growth  was  accompanied  in  the 
endosperms  by  all  the  usual  physical  changes  which  occur  under 
natural  conditions  of  germination.  Striking  as  these  results  are, 
they  were  not  deemed  conclusive,  since  it  was  not  certain  that  the 
chloroform  had  sufficiently  penetrated  the  grain,  or  that  the 
application  of  dry  heat  had  been  sufficiently  prolonged  to  destroy  all 
traces  of  vitality  which  the  endosperm  cells  might  retain.  The  experi- 
ment was  consequently  repeated,  nsing  the  endosperms  of  barley 
which  had  been  softened  in  water,  and  then  immersed  in  strong  alcohol 
for  about  six  months.  After  drying  ofE  the  greater  part  of  the  alcohol 
at  a  moderate  temperature,  the  g^ain  was  heated  for  some  time  in  the 
air-bath  at  90 — 100**,  and  then  steeped  in  water  for  48  hours, 
changing  the  water  frequently  in  order  to  remove  all  trace  of 
alcohol.  After  excising  the  dead  germs,  living  embryos  were  graftrd 
upon  these  corns;  they  grew  perfectly,  and  produced  in  the 
endosperms  all  the  ordinary  visible  changes  which  accompany  normal 
germination. 

The  whole  of  these  experiments  are  against  the  view  that  the 
changes  observed  in  the  endosperm  during  germination  are  in  any  way 
dependent  upon  its  residual  vitality,  and  distinctly  favour  the  view 

*  It  seemed  to  ub  possible  that  the  endospeim  cells  might  contain  a  gyntojfem 
capable  of  being  conrerted  into  an  active  ferment  by  dilute  add,  the  existence  of 
proteo-hydrolytic  zymogens  in  some  seeds  having  been  proved  by  J.  B.  Gkeen« 
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that  the  endosperm  of  the  Grasses  is  a  dead  store-house  of  reserve 
material.  Under  these  circumstances  the  life  of  the  embryo  during 
the  germinating  period  is  stiictlj  speaking  not  parasitio  but  sapro* 
phytic. 


(7.)  Ctdture  of  Excised  Embryos  of  Barley  on  Water, 

When  placed  on  a  moist  surface  and  submitted  to  a  temperature  of 
about  15°C.,  the  excised  embrjos  of  barley  exhibit  signs  of  growth 
within  a  very  few  hours.  The  plamule  I'apidly  elongates,  and 
acquires  its  maximum  length  in  about  five  dajs,  when  it  measures 
from  6  to  8  mm. ;  its  tissue,  which  at  the  commencement  of  growth 
is  fairly  turgid,  becoming  in  the  later  stages  extremely  flaccid. 
Simultaneously  with  the  first  signs  of  growth  in  the  plumule,  there 
is  a  slight  elongation  of  the  primary  radicle,  sufficient  in  most  cases 
to  cause  it  to  break  through  the  coleorhyza,  and  rudiments  of  lateral 
roots  also  appear,  but  the  total  development  of  the  root  organs 
generally  is  extremely  small  under  these  conditions.  A  considerable 
loss  of  dry  weight,  amounting  to  about  40  per  cent.,  occurs  dui*ing  an 
exhaustive  water-culture  such  as  we  have  described,  50  embryos  with 
a  dry  weight  of  0*089  gram  weighing  only  0*052  gram  afler  water- 
culture. 

Within  24  hours  of  the  commencement  of  a  water-culture,  starchy 
which  we  have  already  seen  is  almost  entirely  absent  from  the 
embryo  of  the  resting  seed,  ouce  more  makes  its  appearance  in  abun- 
dance in  certain  parts.*  It  is  plentiful  in  the  older  cells  of  the  root- 
caps  of  both  primary  and  secondary  roots,  in  the  periblem  of  the  root, 
and  also  in  the  meristematic  tissue  x,  Plate  I  (p.  460),  lying  between 
the  bases  of  the  plumule  and  primary  radicle.  It  is  also  present  in  the 
plumule-sheath,  in  the  '*  starch-conducting  *'  parenchymatous  layers 
surrounding  the  youn^  fibro-vascular  bundles,  and,  to  a  less  extent,  in 
the  coleorhyza.  It  will  be  noticed  that  the  distribution  of  starch  in  the 
embryo  during  the  early  peiiod  of  water-culture  is  exactly  similar  to 
that  observed  in  the  very  earliest  stages  of  growth  when  the  embryo 
is  still  in  contact  with  its  endosperm,  and  before  it  receives  any 
nutriment  from  the  reserve  materials  of  the  latter.  In  the  case  of 
a  water-culture  however,  no  starch  can  ever  be  found  in  the  aleurone- 
containing  cells  of  the  scutellum,  the  trifling  amount  of  starch  which 

•  Vines,  in  his  "  Physiology  of  Plants,"  p.  217,  mentions,  as  an  observation  made 
by  Just,  that  although  the  embryo  of  wheat  contains  no  trace  of  starch  when  the  seed 
is  quiescent,  yet,  when  kept  moist  for  24  hours,  it  contains  an  abundance  of  starch, 
although  the  endosperm  has  undergone  no  change.  The  conclusion  is  drawn  that 
the  starch  is  formed  by  dissociation  from  the  protoplasm  in  the  cells  of  the  embryo. 
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does  arise  in  this  org^n  being  confined  to  the  immediate  neighbour- 
hood  of  the  branch  of  the  joang  vascular  bundle  which  enters  it. 

We  have  abeady  seen  that  the  protoplasm  of  these  aleurone-cells 
of  the  scutellnm  is  capable  of  producing  starch  in  large  quantities 
during  the  passage  of  the  absorbed  endosperm  materials,  and  it  is 
difficult  to  understand  why  the  transference  of  the  contents  of  the 
scutellnm  cells  themselves  should  not  be  accompanied  by  a  similar 
phenomenon,  unless  we  assume  that  the  aleurone,  which  for  the  most 
part  makes  up  the  cell-contents,  is  not  capable  of  being  transformed 
into  starch  by  the  metabolic  activity  of  the  cell-protoplasm. 

That  this  assumption  is  probably  correct  follows  from  what  we 
know  of  the  chemical  nature  of  the  aleuroDC-grains,  and  from  the  fact 
that  the  main  axial  organs,  the  plumule  and  radicle,  when  removed 
from  the  scutellnm,  develop  under  water-calture  almost  to  the  same 
extent  as  if  the  scutellnm  were  still  attached,  and  produce  starch 
within  their  tissues  jnst  as  freely.  It  is  consequently  highly  probable 
that  the  reserve  materials  which  are  stored  within  the  embryo  itself, 
and  which  in  the  early  stages  afford  the  mother-substance  for  the 
starch  of  the  starch-conducting  tissues,  reside  in  the  coleorhyza  and 
the  meristematic  tissue  (20,  Plate  I),  lying  between  the  bases  of  the 
plumule  and  radicle,  the  alearone  of  the  scutellnm  supplying  for  the 
most  part  only  the  necessary  nitrogenous  food. 

The  amount  of  starch  existent  at  any  one  time  in  the  tissues  of  an 
embryo  undergoing  water-culture  soon  attains  a  maximum  and  then 
rapidly  diminishes  in  amount.  At  the  end  of  five  or  six  days,  when 
growth  has  ceased,  the  starch  has  once  more  entirely  disappeared, 
having  been  used  up  in  conjunction  with  the  other  cell-contents  in  the 
formation  of  new  tissue. 

(8.)  GuUivcUion  of  Excised  Embryos  of  Barley  upon  Nutrient  Solutions. 

In  ascertaining  the  nutrient  value  of  a  substance,  the  mode  of  ex- 
periment usually  adopted  was  to  place  the  excised  embryo,  scutellnm 
downwards,  upon  a  suitable  porous  medium  kept  moist  with  a  solution 
of  the  natrient  substance  under  experiment. 

In  our  earlier  cultures  we  made  use  of  discs  of  plaster  of  Paris,  or 
of  unglazed  earthenware,  which  were  partially  immersed  in  the 
solutions,  but  latterly  we  have  preferred  to  use  glass-wool,  or  solu- 
tions to  which  5  per  cent,  gelatin  had  been  added.  Moistened  filter- 
paper  is  not  to  be  recommended,  since  the  root-hairs  adhere  to  it  with 
great  tenacity,  and  the  paper  itself,  as  will  be  shown  later  on,  is 
slightly  attacked  by  the  growing  embryo.  The  gelatin  mixture  has 
many  advantages  which  render  it  a  highly  suitable  medium  for  some 
caltares,  and  since  the  gelatin  itself  is  not  assimilable  by  the  yoang 
plant,  it  may  be  substituted  for  water  in  all  cases. 
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In  order  to  avoid  the  complicatioiiB  wHoh  arise  under  the  Btimulat- 
ing  action  of  light,  onr  experiments,  unless  special! j  stated  to  the 
contrary,  were  all  conducted  in  the  dark,  the  temperature  yarjing 
between  16^  and  17^  0. 

When  excised  embryos  which  have  been  entirely  deprived  of  starch 
by  an  exhaustive  water-culture  of  five  or  six  days,  as  described 
above,  are  placed  upon  dilute  solutions  of  certain  carbohydrates,  such 
as  cane-sugar,  dextrose,  maltose,  Ac.,  starch  rapidly  makes  its 
appearance  in  the  scutellum,  being  first  visible  in  the  layers  of  cells 
immediately  underlying  the  absorptive  epithelium.  The  more  remote 
cells  of  the  scutellum  iJien  become  filled  with  starch,  which  gradually 
extends  to  the  main  axial  organs,  and  invades  the  parenchyma  of  the 
usual  starch-conducting  tissue.  Coincident  with  this  apparent 
ti*ansference  of  starch  growth  recommeiioea. 

The  phenomena  observed  in  such  a  case  are  exactly  similar  to 
those  observed  during  the  germination  of  an  embryo  attached  to  its 
endosperm,  but,  although  a  considerable  growth  may  be  obtained  in 
this  manner  if  the  carbohydrate  is  one  which  is  capable  of  ready 
assimilation,  the  amount  of  growth  is  necessarily  limited  by  the  com* 
paratively  small  quantity  of  nitrogenous  material  available  for  the 
use  of  the  young  plant,  which  ultimately  perishes  of  nitrogen  hunger. 
There  is,  however,  a  sufficient  store  of  prote'lds  in  the  scutellum  and 
main  axial  organs  of  a  freshly  excised  embryo  to  allow  of  a  very  con- 
siderable amount  of  growth  and  increase  of  weight,  providing  an 
excess  of  suitable  carbohydrate  is  also  prebcnt. 

Before  considering  the  relative  nutrient  value  of  the  substances  we 
have  employed  in  these  experiments,  it  will  be  well  to  show  the 
comparatively  rapid  increase  in  weight  acquired  by  young  plants 
grown  on  a  solution  of  a  carbohydrate,  and  to  compare  the  results 
with  those  obtained,  on  the  one  hand,  by  culture  on  the  natural 
endosperm,  and  on  the  other,  in  the  water  only. 

Gram. 

Dry  weight  of  50  embryos  before  germination  ....     0*081 6 

Dry  weight  of  50  embryos  after  five  days'  water- 
culture  0-0490 

Dry  weight  of  50  embryos  after  five  days*  growth 

on  natural  endosperm 0*1373 

Dry  weight  of  50  embryos  after  five  days*  growth 

on  2  per  cent,  cane-sugar •    0*1312 

Cane-sugar,' — Of  all  the  carbohydrates  we  have  examined,  this  has 
the  highest  nutritive  value.  Abundance  of  starch  is  at  once  found 
in  the  tissue  of  the  young  plant,  and  whilst  the  plumule  elongates 
vigorously  the  radicles  are.  also  well  developed,  although  not  to  the 
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same  extent  as  when  growing  on  the  natural  endosperm.  TUs  com- 
paratively small  development  of  the  roots  is  cbaracteristio  of  all 
artificial  cultivations  made  with  carbohydrates  only,  and  is  doubtless 
due  to  the  absence  of  a  sufficiency  of  nitrogenous  food  material. 

During  cultivation  of  from  six  to  eight  days  in  the  dark,  we  have 
found  that  the  total  increase  in  dry  weight  is  from  three  to  four  times 
that  observed  in  a  pure  water*cultnre.  If  the  plantlets  are  grown  in 
the  light,  and  the  cane-sugar  solution  is  mixed  with  one  of  the  ordi- 
nary mineral  nutrient  solutions  containing  potassium  nitrate,  chloro- 
phyll is  produced  in  the  leares,  assimilation  commences,  and,  with 
due  precautions,  perfect  plants  can  be  reared. 

We  have  made  a  rery  large  number  of  cultivation  experiments  on 
cane-sugar  with  a  view  to  determine  the  concentration  of  solution 
most  favouriug  the  growth  of  the  embryo.  The  following  experi- 
ments show  the  resulto  obtained  by  growing  50  embiyoe  on  solutions 
of  varying  strength  for  nine  days  at  15 — 16*.  The  total  dry  weight 
of  the  ungerminated  and  germinated  embryos  is  given,  and  the 
average  length  of  the  plumules  in  each  case.  It  will  be  noted  that 
the  length  of  the  plumule  decreases  somewhat  as  the  assimilation  of 
carbohydrate  increases. 

Dry  weight  of  50  embryos  before  gennination  0'082  gram. 

CoDoentrfttion  of  Averaee  length  Biy  weight  after 

eane-fugar  solution  of  plumulee  cultiyation 

(grams  per  100  o.c).  in  millimeten.  for  nine  dajs. 

1-5  287  0-14S  gram. 

20  267  0T43 

2  5  27-6  0191 

30  24-6  0-214 

3-5  220  0-234 

40  22-4  0-236 

In  employing  concentrations  above  4  per  cent.,  we  have  always 
observed  a  great  falling  o£E  in  the  rate  of  assimilation  of  the  sugar, 
the  optimum  concentration  being  from  3*5  to  4  per  cent. 

Invert-sugar. — The  rate  of  development  of  excised  embryos  in 
invert-sugar  is  somewhat  less  than  that  observed  in  the  case  of  cane- 
sugar  under  similar  conditions. 

Dextrose.-r-The  embryos  thrive  well  on  solutions  of  dextrose,  but 
this  sugar  falls  distinctly  short  of  cane-sugar  in  nutritive  value.  The 
optimum  concentration  is  from  3  to  3*5  per  cent. 

Levulose. — ^We  have  experimented  with  solutions  varying  in  con- 
centration from  1*5  to  4  per  cent,  of  the  sugar.  The  inferior 
nutrient  value  of  levulose  as  compared  with  cane-sugar  is   very 
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Tnarked.    The  gain  of  dry  weight  of  the  plantlets  is  about  equal  to 
that  observed  in  dextrose  solutions  of  equal  concentration. 

Maltose. — This  carbohydrate  is  readily  absorbed  by  the  young  plant, 
abundance  of  starch  being  produced  in  the  tissues,  and  active  growth 
taking  place.  Comparative  experiments  made  with  cane-sugar  and 
dextrose  indicated  that  its  nutrient  value  is  about  equal  to  that  of 
the  latter  substance.  The  optimum  concentration  of  the  solution 
corresponds  to  about  3*0  to  3*5  per  cent. 

Galactose, — This  compound,  one  of  the  products  of  the  hydrolysis 
of  milk-sugar,  is  capable,  in  very  dilute  solutions,  of  contributing  to 
some  extent  to  the  growth  of  the  young  plants.  We  have  experi- 
mented with  solutions  up  to  4  per  cent.,  and  find  that  whilst  a  6ome« 
what  feeble  growth  takes  place  when  the  concentration  does  not 
exceed  1'5  per  cent.,  in  solutions  of  2  and  2*5  per  cent,  the  growth 
scarcely  exceeds  that  of  a  water-culture,  and  concentrations  above 
this  almost  completely  inhibit  growth.  Here  again,  as  is  always  the 
case  in  all  such  experiments  where  the  carbohydrate  is  not  able  to 
contribute  to  the  growth  of  the  plant,  the  appearance  aod  subsequent 
disappearance  of  starch  in  the  tissue  takes  place  exactly  in  the  same 
manner  as  in  culture  on  pure  water. 

MUk'Sugar. — In  solutions  of  from  1*5  to  2*5  per  cent.,  the  develop- 
ment  of  the  excised  embryos  progresses  for  four  or  five  days  to  the 
same  extent  as  it  would  were  the  plants  grown  on  water  only,  higher 
degrees  of  concentration  being  actually  prejudicial  to  the  life  of  the 
plant.  If,  however,  the  period  of  cultivation  is  extended  to  nine  or  ten 
days,  a  further  slight  development  takes  place,  but,  from  the  fact  that 
this  is  coincident  with  the  appearance  of  bacterial  life  and  signs  of 
fermentation,  we  cannot  but  attribute  the  recommencement  of  growth 
to  the  products  of  hydrolysis  or  of  fermentation.  Milk-sugar  as  such 
cannot  contribute  to  the  growth  of  the  plant. 

Baffinose. — Since  raffinose  has  been  shown  by  O'Sullivan  (Trans., 
1886,  49,  70)  to  be  present  in  small  quantities  in  ungerminated  barley, 
it  seemed  extremely  probable  that  it  would  be  found  capable  of  being 
assimilated  by  the  embryo,  and  such  in  fact  is  the  case.  When  grown 
on  solutions  of  raffinose  of  about  2*5  per  cent.,  abundance  of  starch  is 
formed  in  the  scutellum  and  in  the  usual  starch-conducting  tissues, 
and  there  is  some  development  of  the  plumule,  but  very  little  of  the 
roots.  The  nutrient  value  of  raffinose  falls  far  short  of  that  of  cane* 
8  agar,  dextrose,  levulose,  or  maltose. 

Mannitol, — ^Mannitol,  even  in  dilute  solutions,  is  incapable  of  con- 
tributing to  the  growth  of  the  embryo.  In  a  solution  of  about  1*5  per 
(!eat.  the  plants  behave  exactly  as  in  water-cultures,  but  a  solution 
more  highly  concentrated  inhibits  growth  completely.  We  have 
never  been  able  to  obtain  any  evidence  of  starch-production  in  the 
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tissues  ander  the  action  of  mannitol ;  it  is  absolutely  without  value  as 
a  nutritive  material, 

OlyceroL — ^As  glycerol  is  likely  to  occur  in  germinating  seeds  con- 
taining fats,  it  seemed  desirable  to  determine  if  it  is  capable  of 
affording  cell-forming  material  to  the  young  plant.  A  direct  com- 
parison of  2  per  cent,  solutions  of  glycerol,  maltose,  and  cane-sugar 
proved  that  whilst  in  the  glycerol  solution  a  considerable  amount  of 
growth  takes  place  accompanied  with  starch-production,  the  develop- 
ment is  much  less  than  in  either  of  the  carbohydrates  named. 

The  following  table  gives  the  results  of  cultivating  excised  embryos 
of  barley  oii  artificial  nutrient  solutions  under  identical  condi- 
tions :— 

Concentration  of  the  solutions,  3*5  grams  per  100  c.c. 

Period  of  germination  7  days. 

50  embryos  germinated  in  each  case, 

Plantlets  all  dried  at  100®  C. 

Qnm, 

Weight  of  60  embryos  before  germination 0*0890 

„  „  in  water  culture 0*0520 

„  ,f  on  natural  endosperms*  .  •  •  0*4362 

„  „  cane-sugar 0*1955 

„  „  dextrose 0*1645 

„  „  levulose 01625 

„  „  maltose 01550 

„  „  invert-sugar 0*13*25 

„  „  milk-sugar    0*0990 

„  „  raffinose 0*0910 

„  „  mannitol 00895 

In  all  our  experiments  upon  the  culture  of  excised  barley  embryos 
on  nutrient  liquids,  there  was  an  evident  correlation  of  visible  g^wth 
with  the  appearance  of  transitory  starch  in  the  parenchyma  of  the 
scutellum  ;  in  fact  it  could  always  be  determined  after  the  lapse  of  a 
short  time  whether  any  particular  substance  was  able  to  contribute 
to  the  growth  of  the  young  plant,  by  noting  the  absence  or  presence 
of  starch  io  the  intermediate  tissue  of  the  scutellum. 

Later  on,  when  discussing  the  secretory  power  of  the  scutellum,  we 
shall  have  occasion  to  refer  to  another  method  for  determining  if  a 
particular  substance  has  any  nutritive  value. 

*  Owisg  to  the  large  eicess  of  moisture  present,  growth  was  Tery  rapid  in  this 
case,  and  the  increase  in  weight  correspondingly  great.  Under  the  ordinary  con- 
ditions of  the  malting  process,  or  of  nataral  germination  in  moist  earth,  the  dry 
weight  of  the  embryos  would  not  hare  exceeded  that  of  the  embryos  onltivated  on 
cane-fogar. 


Digitized  by  VjOOQIC 


488 


BROWN  AND  MORRIS:  THE  GERMINATION 


It  is  evident  that  the  phenomena  we  have  been  describing  are 
paralleled  to  a  certain  extent  hj  those  observed  by  Bobm,  A.  Meyer, 
and  E.  Laurent  in  connection  with  the  reappearance  of  starch  in  the 
tissues  of  etiolated  plants  when  these  are  immersed  in  solutions  of 
certain  carbohydrates, 

Bohm  (Botan.  Zeit.,  1883,  33,  49)  in  his  experiments  em- 
ployed the  leaves  of  Fhaseolus  muLtiflorui  which  had  been  totally 
deprived  of  starch  by  cultivation  in  the  dark.  When  these  were 
floated  upon  20  per  cent,  solutions  of  dextrose  and  saccharose,  it  was 
found  that  starch  reappeared  and  was  abundantly  deposited  in  the 
leaf-paTenchyma. 

In  1886,  A.  Meyer  {Botan.  Zeit.,  1886)  and  E.  Laurent  {Botan,  Zeit., 
1886, 151)  published,  almost  simultaneously,  the  results  of  their  work 
in  this  direction,  Laurent  subsequently  giving  a  more  detailed  account 
of  his  observations  in  a  separate  memoir  published  in  Brussels,  in 
1888,  entitled  **  Becherches  experimentales  sur  la  Formation  (TAmidon 
dans  les  Plant es,^^ 

Meyer,  following  in  the  main  the  method  of  Bohm,  endeavoured  to 
ascertain  if  the  leaf,  after  being  deprived  of  starch,  has  the  power  of 
reproducing  this  substance  from  solutions  of  levulose  and  galactose, 
as  well  as  from  dextrose.  He  found  that  all  three  of  these  carbo- 
hydrates are  transformed  into  starch  by  the  parenchymatous  tissue, 
but  that  the  leaves  of  all  plants  do  not  reproduce  starch  equally  well 
from  the  same  carbohydrate.  As  a  general  rule,  the  best  starch-forming 
sugar  for  any  particular  plant  is  the  one  which  occurs  naturally  in 
its  tissues. 

MUk-aitgar  and  raffinose  were  found  to  be  incapable  of  reproducing 
starch,  and  whilst  maltose  gave  rise  to  but  little  starch  in  the  leaves 
of  the  beet  and  of  the  lilac,  it  produced  considerable  quantities  in  the 
leaves  of  the  dahlia.  Mannitol,  which  occurs  naturally  in  some  of 
he  OleaceflB,  gave  rise  to  starch  in  the  leaves  of  plants  belonging  to 
this  natural  order,  whilst,  in  one  case,  dulcitol  also  produced  the  same 
effect.  Glycerol  was  found  to  be  a  ready  starch-former  in  most 
leaves. 

Laurent  {he,  cit.)  employed  the  etiolated  shoots  of  the  potato, 
which,  by  immersion  in  water  in  the  dark  for  a  considerable  period, 
had  been  thoroughly  deprived  of  starch.  The  shoots  were  then 
immersed  in  the  solutions,  and  were  examined  from  time  to  time  to 
ascertain  if  starch  was  forming  in  the  tissue. 

The  general  results  of  Laurent's  experiments  were  very  similar  to 
those  of  Meyer.  Out  of  a  very  large  number  of  substances  examined, 
only  seven  were  found  to  be  starch-forming  under  these  particular 
conditions  ;  these  were  glycerol,  dextrose,  levulose,  galactose,  saccharose, 
lactose,  and  maltose. 
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(9.)  Qrowth  of  Excised  Embryos  on  Starch,  and  Proof  that  an  Amylo- 
kydrolyst  {Diastase)  is  Secreted  by  the  Young  Embryo, 

If  freshly  excised  barley  embryos  are  placed  with  their  scatella  in 
contact  with  moist  barley-starch,  which  has  been  spread  in  a  thin 
layer  npon  a  porous  tile  partially  immersed  in  water,  transitory 
starch  can  be  detected  within  a  very  short  time  in  the  parenchyma 
of  the  Bcntellnm,  a  certain  indication  that  the  embryo  is  absorbing 
nutritive  material. 

If  the  starch-granules  in  immediate  contact  with  the  exterior  of 
the  scatellum  are  now  examined,  they  are  found  to  be  much  acted 
npon,  showing  evident  signs  of  erosion  and  disintegration. 

If  the  layer  of  starch  is  too  thick  and  too  much  water  is  pi*e8enty 
this  action  on  the  starch-granules  is  somewhat  difficult  to  trace  in  its 
very  early  stages,  owing  to  a  too  rapid  diffusion  of  the  diastase  given 
off  by  the  embryo.  A  better  result  is  obtained  by  confining  the  starch 
to  a  small  portion  of  the  plate,  not  much  exceeding  the  area  of  the 
scutellum,  but  a  still  better  plan  is  to  partially  embed  the  embryo  in 
a  5  per  cent,  gelatin  solution  containing  finely-divided  barley-starch 
in  suspension.  This  mixture,  which  we  shall  hereafter  allude  to  as 
"  starch-gelatin,"  is  prepared  by  adding  finely-divided  barley-starch 
to  a  slightly  warmed  solution  of  the  gelatin,  and  stirring  until  the 
mixture  is  on  the  point  of  solidifying.  The  embryos  are  placed  upon 
the  surface  of  the  '*  starch-gelatin  "  when  this  is  on  the  point  of 
setting,  using  a  gentle  pressure  in  order  to  bring  every  part  of  the 
convex  surface  of  the  scutellum  in  contact  with  the  cultivation 
medium.  In  this  manner  it  is  possible,  by  the  examination  of  small 
pieces  of  the  starch-gelatin  cut  out  from  beneath  the  growing  embryo, 
to  follow  the  gradual  progression  of  the  solvent  action  upon  the 
starch-granules. 

This  action  is  seen  to  arise,  first  of  all,  at  the  limiting  surfaces 
of  the  scutellum  and  starch-gelatin,  and  to  be  independent  of  the 
presence  of  micro-organisms.  It  is  true  that  such  a  mixture  of 
starch  and  gelatin,  when  left  to  itself  for  a  sufficient  time,  has  its 
starch-granules  ultimately  affected  by  the  micro-organisms  which 
arise  in  it,  but  the  intensity  of  this  action  is  much  less,  and  the  time 
required  to  produce  it  is  much  greater,  than  in  the  case  of  disintegra- 
tion effected  by  the  growing  embryo. 

Tbe  action  of  the  barley  embryo  is  not  confined  to  its  own  particular 
starch.  We  have  made  cultivations,  in  the  manner  described,  upon 
gelatin  mixed  with  starches  from  the  following  plants: — barley,  wheat, 
rice,  maize,  potato,  and  bean  {FhaseoVus  multiflorus),  and  have  found 
that,  whilst  the  disintegration  of  the  barley-starch  proceeds  the  mo^ 
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rapidly,  the  starches  of  wheat,  rice,  and  maize  are  also  readily 
attacked.  In  the  case  of  maize,  this  action  is  manifested  by  the 
appearance  of  nnmerons  radial  strieo,  which  give  the  polygonal 
grannie  a  psendo-crystalline  appearance.  Much  the  same  effect  is  also 
observed  in  the  case  of  rice-starch,  the  transparent  polygonal  grains 
rapidly  becoming  dark  and  almost  opaque  from  the  same  cause. 
Tbe  starches  of  potato  and  hean  altogether  resist  the  action  of  the 
barley  embryo. 

The  action  of  the  embryo  upon  ungelatinised  starch  is  distinctly 
correlated  with  its  growth;  or,  perhaps,  it  is  more  accurate  to  say 
that  its  amylo-hydrolytic  power  is  intimately  connected  with  the 
metabolic  activity  of  the  cells  composing  it.  If  excised  embryos  are 
exposed  for  a  short  time  to  the  influence  of  chloroform  vapour,  and 
aie  then  placed  upon  starch-gelatin,  it  is  found  that  they  are  now  in- 
capable of  growth,  and  it  is  impossible  to  detect  any  action  upon 
the  underlying  starch-granules,  although  the  conditions  are  still 
favourable  for  the  outward  diffusion  into  the  starch-gelatin  of  any 
soluble  portions  of  the  cell -contents. 

The  microscopical  evidence  afforded  by  these  experiments  distinctly 
points  to  the  liberation  of  a  starch- dissolving  enzyme  by  the  growing 
embryo  ;  but  before  considering  the  point  of  origin  of  this  enzyme  it 
will  be  well  to  adduce  independent  chemical  evidence  in  support  of 
this.  This  can  only  be  satisfactorily  obtained  by  an  actual  quantita- 
tive estimation  of  the  diastase  produced,  and  it  is  necessary  at  the 
outset  briefly  to  describe  the  methods  which  render  such  an  estima- 
tion possible. 

In  the  year  1879  it  was  pointed  out  by  one  of  us  and  Heron 
(Trans.,  1879,  654)  that  the  relative  starch-transforming  powers 
of  two  infusions  of  malt  can  be  ascertained  by  plotting  a  time-curve 
of  each  reaction,  and  measuring  the  amount  of  degradation  of  the 
starch  occurring  in  each  case  in  a  given  time. 

The  subject  was  independently  investigated  by  Kjeldahl  (Eesume 
du  Compte  rendu  des  travaux  du  Lahoraioire  de  GarUherg,  1, 129, 1879), 
who  showed  that,  in  order  to  make  an  accurate  comparison  of 
diastatic  activity  under  these  circumstances,  it  is  necessary  to  control 
the  reaction  within  certain  limits.  He  established  what  he  terms 
his  "law  of  proportionality,"  which  may  be  briefly  expressed  as 
follows  : — When  equal  volumes  of  two  diastatic  solutions,  which  are 
to  be  compared,  are  allowed  to  act  upon  solutions  of  soluhle-starch, 
under  identical  conditions  of  time,  temperature,  and  concentration, 
til  en  the  cupric-reducing  power  of  the  two  solutions,  taken  at  any 
given  moment,  is  a  measure  of  the  relative  starch-transforming 
powers  of  the  diastatic  solutions,  providing  the  cupric-reducing  power 
is  not  allowed  to  exceed  k  25^30. 
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The  starch  solution  employed  by  Kjeldahl  was  prepared  by  acting 
npon  a  starch-paste  with  a  small  quantity  of  malt-extract,  and  arrest- 
ing the  action  by  boiling  as  soon  as  limpidity  was  produced.  The 
res  a  1  ting  liquid  was  used  in  the  manner  above  indicated,  a  correction 
being  applied  for  the  small  amount  of  reducing  substances  present. 

C.  J.  Lintner  (/.  pr,  Chem,,  34,  378)  has  suggested  certain 
modifications  of  this  method,  which  consist-  in  emplojring  a  solution 
of  soluble-starch,  prepared  with  dilute  hydrochloric  acid  instead  of 
with  malt-extract,  and  in  using  a  volumetric  method  for  determining 
the  reducing  power,  which  is  essentially  the  same  as  that  proposed 
by  Reischauer. 

Lintner*s  method,  although  extremely  useFal  for  certain  purposes, 
does  not  admit  of  sufficient  accuracy  for  the  determinations  which 
we  are  now  considering,  and  we  have  consequently  in  all  cases  em- 
ployed a  gravimetrical  method  for  estimating  the  reducing  power. 
The  following  is  a  brief  sketch  of  the  application  of  the  method  : — 

Let  it  be  supposed  that  we  require  to  determine  the  relative  araylo- 
hydrolytic  activity  of  two  series  of  embryos,  or  parts  of  embryos, 
before  and  after  germination.'  The  parts  required  for  comparison  are 
first  carefully  dissected  out  (the  actual  number  taken  being  depOD  dent 
on  the  expected  diastatic  activity),. and  are  then  rubbed  down  with  a 
little  chloroform- water,*  and  made  up  to  a  uniform  volume  of  25  c.c. 
In  experimenting  with  some  portions  of  the  seed  it  is  necessary  to 
dry  them  at  a  low  temperature,  and  then  to  reduce  them  by  grinding. 
The  mixture  is  allowed  to  stand  for  24  hours,  with  occasional 
shaking,  and  is  then  filtered.  A  certain  definite  quantity  of  the  clear 
filtrate  is  then  added  to  25  c.c.  of  a  solution  of  soluble-starch  of 
about  2*5  per  cent,  concentration,  made  by  Lintner's  acid  method. 
The  amount  of  amylo-hydrolytic  solution  •  added  must  be  so  regu- 
lated as  to  confine  the  reducing  power  of  the  transformed  solution 
within  the  limits  of  the  "  law  of  proportionality ; "  this  often  necessi- 
tates a  preliminary  experiment,  the  approximation  to  the  quantity 
required  being  rapidly  obtained  by  Lintner*s  volumetric  method. 

The  action  is  allowed  to  proceed  at  SO"*  C.  for  exactly  an  hour,  when 
further  transformation  is  arrested  by  boiling.  The  cupric-reducing 
power  of  the  solutions  is  then  determined  gravimetrically,  and  after 
correcting  for  the  initial  reducing  power  of  the  starch  solution,  and 
where  necessary  also  for  any  sngars  which  have  been  introduced  with 
the  diastatic  solution,  the  total  amount  of  reducing  power  exerted  by 
the  whole  volume  of  each  of  the  diastatic  solutions  is  calculated. 

*  This  IB  a  solution  of  chloroform  containing  5  c.c.  in  1  litre  of  water.  We  hare 
found  that  chloroform  does  not  influence  the  action  of  the  soluble  enzjmes  of 
■germinated  barley,  whilst,  on  the  other  hand,  it  inhibits  the  growth  of  micro- 
organisms. 
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The  numbers  thus  obtained  are  proportional  to  the  relative  amjlo- 
hjdroljtic  activities  of  the  sointions. 

For  the  sake  of  uniformity,  and  for  purposes  of  ready  comparison, 
we  have  always  thronghont'this  paper  expressed  the  diastatic  power 
in  terms  of  grams  of  OnO  per  60  individual  corns,  embryos,  or  parts 
of  embryos,  Ac. 

The  diastatic  power  of  any  medium  upon  which  the  embryos  may 
have  been  cultivated  is  determined  subi^tantially  in  the  same  manner, 
the  results  in  this  case^being  also  expressed  in « terms  of  50  embryos. 

We  may  now  consider  the  application  of  this  method  to  the 
determination  of  the  diastase  which  is  liberated  from  excised  embryos 
when  they  are  grown  inwater-culture  or  upon  'gelatin,  and  see  how 
far  the  conclusions  based  upon  niicro-chemical  examination  are 
confirmed  by  independeitt  chemical  methods. 

The  embryos  of  50  corns  of  barley  which  had  been*  soaked  in  water 
for  24  hours  were  macerated  as  described  above,  and  'the  clear  liquid 
was  found  to  have  a  total  diastatic  power  equivalent  to  0*005  gram 
GuO,  due  connection  having  been  made  for  the  reducing  sugars 
present,  which  in  this  case  amounted  to  the  equivalent  of  0*0304  gram 
CuO. 

As  the  number  expressing  the  diastatic  power  falls  within  the 
limits  of  error  of  the  method,  we  may  consider  that  the  embryos  of 
the  resting  seed  contain  no  amylo-hydrolytic  enzyme,  or  at  most  only 
a  trace. 

Two  sets  of  50  embryos,  excised  from  the  same  'barley,  were  then 
germinated  in  water-culture  under  the  following  conditions : — 

Series  A  upon  moistened  glass-wool. 

Series  B  upon  5  per  cent,  gelatin  solution. 

At  the  end  of  four  days  the  diastatic  activities  of  the  embryos  and 
of  the  culture  media  were  detemnined,  with  the  following  results : — 

Series  A — 

Grams  CuO.    Total  CuO. 

Diastase  in  emhryos  equivalent  to 0*0874 1       0'1484 

„  the  water  equivalent  to  ... .     0'0610  / 

Series  B — 

Diastase  in  embryos  equivalent  to 0*0732 1       0'1634 

„  the  gelatin  equivalent  to. . . .     0*0902  J 

It  is  clear  from  this  experiment,  which  is  only  one  of  many  of  a 
similar  nature,  that  the  chemical  methods  are  entirely  confirmatory 
of  the  micro-chemical,  and  afford  unmistakable  evidence  of  the 
production  of  an  amylo-hydrolytic  enzyme  during  the  germination  of 
the  embryo,  and  of  a  diffusion  of  this  enzyme  into  the  cultare- 
medium. 
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The  appearance  of  the  soluble  ferment  ontside  the  embryo  cannot 
be  regarded  as  the  result  of  a  mere  straining  out  of  an  enzyme  pi*e- 
existent  in  the  tissue,  for  we  have  seen  that  the  ungerminated  embryo 
CDntains  but  a  mere  trace  of  soluble  amy lo-hydroly do  ferment;  the 
eazyme  must  consequently  have  been  derived  from  some  material 
stored  in  the  embryo  during  its  resting  stage,  and  which  has  bejn 
modified  in  its  passage  oatwards ;  in  other  words,  the  production  of 
the  amylo-hydrolytic  enzyme  is  a  secratory  and  not  an  excretory 
process. 


(10.)  The  Secretion  of  Diastase  is  localised  in  the  Absorptive 
Epithelium, 

We  have  now  to  consider  if  the  secretion  of  an  amylo-hydrolytic 
enzyme  can  be  traced  to  any  specialised  tissue  of  the  embryo,  or  if  it 
is  due  to  the  combined  metabolic  prx)cesses  of  the  whole  of  the  cells. 

The  curious  analogy  which  the  columnar  cells  of  the  so-called 
"  absorptive  epithelium  "  of  the  scutellum  bear  to  certain  secretory 
epithelial  cells  of  the  alimentary  tract  of  animals  led  us,  at  an  early 
stage  of  our  enquiry,  to  suspect  that  their  functions  were  something 
more  than  merely  absorptive,  and  this  idea  was  much  strengthened 
when  we  found  that  the  histological  changes  in  the  columnar  cells 
during  germination  are  closely  paralleled  by  those  which  occur  in 
animal  epithelium  whilst  actively  secreting,  and  in  the  glandular  cells 
of  Biofupa  muscipula  under  like  circumstances,  as  determined  by 
Gardiner  (Proc.  Boy.  8oc,,  1883,  1).* 

The  direct  experiments  which  are  recorded  below  were  made  with 
a  view  to  test  how  far  the  columnar  or  ^'  absorptive  "  epithelium  can 
really  be  regarded  ais  a  secretory  tissue.  The  results  leave  no  doubt 
that  one  of  the  specialised  functions  of  these  cells  is  the  elaboration 
of  an  active  form  of  diastase,  the  absorptive  function  being  of 
comparatively  secondary  importance. 

When  a  freshly  excised  embryo  is  taken  from  a  grain  of  barley 
which  has  been  previously  softened  in  water,  and  is  partially 
embedded,  scutellum  upwards,  in  any  of  the  usual  embedding 
materials  of  low  melting  point,  it  is  possible,  by  very  gently  scraping 
with  a  finely  pointed  scalpel,  completely  to  remove  the  absorptive 
epithelium  from  the  surface  of  the  scutellum.  After  considerable 
practice  this  operation,  which  should  be  conducted  with  the  aid  of  a 

*  At  Bome  future  time  we  shall  have  cccasion  to  dwell  more  at  length  on  the 
histological  changes  occurring  in  the  epithelial  cells  during  germination,  and  their 
points  of  resemblance  to  the  changes  observed  in  certain  secretory  glandular  cells  of 
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lens,  or  nnder  a  dissecting  microscope,  may  be  carried  out  withont 
any  serious  injury  to  the  underlying  parenchyma  of  the  scutellnm. 

If  an  embryo,  thus  deprived  of  its  epithelium,  is  placed  upon  a 
culture  medium  containing  any  readily  assimilable  carbohydrate, 
such  as  cane-sugar  or  dextrose,  the  young  plant  grows  as  readily  as 
it  would  have  done  in  its  un mutilated  state,  the  ground  tissue  of 
the  scutellum  absorbing  and  making  use  of  the  nutrient  just  as  freely 
as  if  the  epithelium  were  still  attached. 

When,  however,  such  a  mutilated  embryo  is  placed  upon  a 
"  starch-gelatin  "  mixture,  it  is  found  to  hiave  entirely  lost  Us  former 
power  of  eroding  and  dissolving  tlie  starch-granules. 

The  same  remarkable  difference  in  the  action  of  unmutilated 
embryos,  and  of  those  deprived  of  their  epithelium,  is  also  obsei*ved 
when  these  are  grown  side  by  side  upon  a  stiff  starch-paste.  In  the 
coarse  of  a  few  hours  the  embryos  which  retain  their  epithelium  are 
found  to  have  liquefied  the  stai-ch-paste  around  them,  and  to  have 
embedded  themselves  to  a  depth  of  several  millimetres,  whilst  the 
germs  deprived  of  their  epithelium  have  failed  to  produce  any 
liquefaction. 

The  epithelium  retains  to  a  limited  extent  its  power  of  secreting 
an  amylo-hydrolytic  enzyme  even  after  its  removal  from  the  embryo. 
This  can  be  demonstrated  by  cutting  thin  sections  tangential  to  the 
surface  of  the  scutellum,  and  placing  ihem  on  "  starch-gelatin." 
Distinct  action  on  the  underlying  granules  takes  place  in  those  cases 
in  which  the  section  includes  any  portion  of  the  epithelinm,  but  no 
corrosion  of  the  starch  takes  place  if  the  ^ithelial  cells  are  absent. 

(11.)  The  Secretion  of  Diastase  by  the  Columvnar  Epithelium  is  increased 
by  the  Presence  of  a  Small  Quantity  of  Add, 

This  was  shown  by  a  comparative  determination  of  the  diastase 
liberated  during  the  cultivation  of  excised  embryos  upon  (1)  neutral 
gelatin  medium,  and  (2)  the  same  medium  rendered  very  slightly 
acid  by  formic  acid : — 

A.  50  barley  embryos  cultivated  on  neutral  5  per  cent,  gelatin 
medium  for  three  days. 

Diastase  in  embryos  equivalent  to  ... .     0*0708  gram  CuO. 
„  medium  „  ....      0'0478  „ 


Total  diastase  secreted  equiv.  to  •  •     0*1186  „ 

B.  50  barley  embryos  cultivated    for    three   days   upon    gelatin 
medium  to  which  had  been  added  00065  per  cent,  formic  acid. 
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Diastase  in  embryos  equivalent  to  ...  •     0*0904  gram  GuO. 
medium  „  ....     0*0546  ,, 


Total  diastase  secreted  eqniy.  to .  •     01450  „ 

(12.)  The  SecreUon  of  Dtcutase  by  the  Columnar  Epithelivm  not 
Stimulated  by  the  Presence  of  Starch, 

As  we  hare  very  good  reason  to  believe  tbat  the  secretory  power  of 
certain  animal  glands  is  stimulated  by  the  mere  presence  of  the 
digestible  material,  it  seemed  by  no  means  improbable  that  the  flow 
of  amylo-hydrolytic  enzyme  from  the  glandular  cells  of  the  scutellar 
epithelium  might  be  influenced  by  the  presence  of  starch,  either  in 
the  granular  form  or  as  soluble-starch.  We  have  made  numerous 
experiments  with  the  object  of  determining  this  point,  and  have 
quantitatively  estimated  the  diastase  liberated  in  the  presence  and 
absence  of  these  substances,  but  our  results  have  in  all  cases  indicated 
that  starch  does  not  stimulate  the  epithelial  cells  to  increased,  secretion. 
The  following  are  the  results  of  two  series  of  snch  experiments : — 

Total  diastase 
fonned  expressed 
Expt.  T. —  as  grams  CuO. 

A.  50  barley  embryos  germinated  upon  5  per  cent.  1  q.i goj 

solution  of  gelatin  for  four  days / 

B.  60  similar  embryos   germinated  for  the  ''*°^®  1  o-159g 

period  on  "  starch-gelatin  " J 

Expt.  II.— 
A.  50  barley  embryos  germinated  upon  5  per  cent.  1  q.oaoo 
gelatin  solution  for  six  days J 

6.  50  similar  embryos  germinated  for  the  <3^^™^  1  q.oo()q 
period  on  "  starch- geUUin  " / 

(13.)  The  Secretion  of  Diastase  by  the  Columnar  Epithelium  is  Inhibited 
by  the  Presence  of  a  Readily  Assimilable  Carbohydrate. 

We  have  seen  how  readily  the  granules  of  barley-starch,  after 
suspension  in  gelatin,  are  attacked  and  dissolved  under  the  influence 
of  germinating  barley  embryos.  If,  however,  there  has  been  pre- 
viously added  to  the  gelatin  medium  a  small  quantity  of  cane-sugar, 
the  starch  is  protected  in  a  remarkable  manner,  and  no  sign  of 
disintegration  of  the  granules  can  be  detected  as  long  as  any  sugar 
remains  unabsorbed  by  the  growing  plantlet. 
.    We  have  convinced  ourselves  by  direct  chemical  examination,  both 
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of  the  embryos  so  cultivated  and  of  their  cnltnre  medium,  that  this 
phenomenon  is  due  to  an  inhibitory  action  of  the  carbohydrate ;  it  is 
not  that  the  secreted  diastase  is  rendered  inactive  by  the  sugar 
present,  but  that  under  these  particular  conditions  the  epithelial  cells  of 
the  scutellum  do  not  secrete  any  amylo-hydrolytio  enzyme.  We  have 
found  this  inhibitory  action  confined  to  those  carbohydrates  which 
our  previous  experiments  have  shown  to  be  directly  assimilable  by 
the  embryo,  whilst  solutions  of  substances  which  are  not  directly 
assimilable,  such  as  mannitol  and  milk'sugar,  have  no  such  inhibitory 
effect,  diastase  being  freely  secreted  in  their  presence,  and  the  starch- 
granules  dissolved  in  the  usual  manner. 

So  strongly  marked  are  the  difEerenoes  between  the  assimilable  and 
non-assimilable  carbohydrates  in  this  respect  that  this  method  may 
be  employed  for  determining  if  the  particular  substance  has  any 
value  as  a  food  material  for  the  young  plant. 

This  curious  inhibitory  action  of  assimilable  substances  is 
quite  independent  of  any  influence  exercised  by  the  main  axial 
organs  of  the  embryo,  for  it  is  equally  evident  when  tangential 
sections  of  the  scutellum  are  employed,  providing  these  include  any 
portion  of  the  epithelium,  and  the  action  can  also  be  demonstrated  in 
the  case  of  an  embryo  still  attached  to  its  natural  endosperm,  as  the 
following  experiments  prove. 

Some  grains  of  barley,  after  being  steeped  in  water  for  24  hours, 
had  their  apical  (distal)  ends  cat  across,  and  were  then  planted,  with 
the  embryo  (proximal)  ends  uppermost,  in  loosely-packed  glass-wool 
saturated  with — 

(1.)  Distilled  water, 

(2.)  A  3'5  per  cent,  solution  of  cane-sugar. 

By  this  arrangement  the  water  and  sugar  solution  are  able  readily  to 
diffuse  through  the  parenchyma  of  the  endosperm  and  to  reach  the 
growing  embryo. 

Vigorous  and  normal  growth  of  the  embryos  took  place  in  each 
case,  bat  at  the  end  of  foar  days,  on  making  sagittal  sections  of  the 
grain,  very  great  differences  could  be  detected  in  the  appearance  of 
the  two  sets  of  endosperms.  In  (1),  where  water  only  had  been 
employed,  the  endosperm  was  completely  disintegrated  owing  to  the 
dissolution  of  the  walls  of  the  starch-containing  cells,  whilst  action  on 
the  starch-granules  could  be  detected  for  some  distance  from  the 
scutellum.  In  (2),  on  the  other  hand,  where  cane-sugar  was  present, 
the  greater  part  of  the  tissue  of  the  endosperm  was  still  as  tongh  and 
resistant  as  before  germination,  whilst  disintegration  of  the  starch- 
granules  was  traceable  only  to  an  extremely  small  distance  inwards. 
After  24  hours'  further  growth  the  differences  between  the  two 


Digitized  by  VjOOQIC 


OF  SOME  OF  THE  QRAMINEiE.  497 

series  were  still  more  marked,  proving  beyond  all  doubt  the  inhibi- 
tory action  of  the  oane-sagar,  even  when  the  embryo  is  still  attached 
to  its  natural  host.  This  influence  of  the  sugar  is  not  confined 
merely  to  the  secretion  of  the  amylo-hydrolytic  enzyme,  but  affects 
also  the  dissolution  of  the  cell-walls,  which  is  almost  completely 
arrested  in  the  presence  of  the  carbohydrate. 

The  diminution,  and  even  total  suppression,  of  the  amylo-hydrolytic 
secretionary  functions  of  the  epithelium  by  assimilable  carbohydrates 
is  a  fact  of  the  highest  physiological  significance.  It  is  evident  that 
the  power  of  seeretioii  is,  in  some  way  or  other,  so  adapted  to  the 
requirements  of  the  young  plant,  as  to  be  only  exercised  when  the 
supply  of  soluble  tissue-forming  carbon-compounds  begins  to  fail. 
As  the  supply  of  these  substances  becomes  less,  the  solid  reserve 
materials  ai*e  acted  upon  by  the  secreted  enzyme,  the  production  of 
which  is  doubtless  ftirther  controlled  by  the  products  of  its  own 
reaction,  a  wasteful  expenditure  of  the  secretion  being  thus  pre- 
vented. 

The  secretion  of  active  diastase  by  the  epithelium  may  be  regarded 
to  some  extent  as  a  starvation  phen&nienon,^ 


(14.)  On  the  Egistenee  of  a  Celluloge-dusoMng  Unzyme  {Cyto-hydrolyst) 
in  the  Oerminating  Seed  of  the  Grasses, 

We  have  already  seen  that  in  the  early  stages  of  germination  of 
barley  the  parenchymatous  cell-walJs  of  the  endosperm  are  disinte- 
grated and  ultimately  dissolved,  and  that  the  disappearance  of  the 
cell-wall  always  precedes  any  visible  attack  upon  the  contained 
starch-granules. 

It  has  been  long  known  that  the  cellulose  which  is  stored  up  in 
seeds  is  capable  of  being  made  use  of  by  the  growing  plant,  but  the 
precise  method  by  which  this  is  brought  about  has  yet  to  be  shown. 

The  seed  of  the  date  (Phosnix  dactylifera),  in  which  the  highly- 
thickened  cell- walls  of  the  endosperm  form  by  far  the  greater  part  of 
the  reserve  material,  has  been  subjected  to  careful  examination  by 
Sachs  (Bot.  ZeU.y  1862),  who  has  shown  that  the  absorption  of  the 

*  The  phenomena  here  recorded  ore  elosely  paralleled  by  those  obsezred  by 
Wortmann  (Zeit  pkfsiol.  Chem,,  6,  287),  who  found  that  a  certain  bacterium  has 
the  power  of  excreting  a  etarch-dissolTing  ensyme  when  staroh-granulee  are  the 
only  aTailable  food,  but  that  no  secretion  of  enzyme  takes  place  if  sugar  or  tartaric 
acid  is  offered  to  the  organism  along  with  the  starch.  De  Bary  (**  Lectures  on 
Bacteria/'  p.  71)  states  that  **  similar  facts  are  recorded  of  JBacilUu  atnylobacter, 
which  according  to  Yan  Tieghem,  when  fed  with  glucose,  leaves  the  cellulose 
which  is  presented  to  it  at  the  same  time  untouched,  but  decomposes  it  and  takes  it 
in  as  food  if  no  source  of  more  readily  assimilable  carbon  is  available.*' 
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reserve-cellulose  dnring  germination  is  brought  aboat  by  an  exten- 
sion of  the  cotyledon,  which  very  gradually  encroaches  apon  the 
endosperm.  The  surface  of  this  advancing  portion  of  the  cotyledon  is 
covered  with  a  well-marked  epithelium,  which,  according  to  Sachs, 
probably  emits  some  special  substance  which  provokes  the  absorption 
of  the  cellalose,  but  he  does  not  appear  to  have  made  any  direct 
experiments  in  support  of  this  view.  We  find  that  this  epithelium 
consists  of  two  rows  of  cuticularised  cells  with  finely  granular 
contents.  The  cells  of  the  outer  layer  are  columnar  in  form  (palisade 
cells),  and  are  arranged  perpendicular  to  the  surface  of  the  cotyledon. 
In  general  appearance,  both  in  transverse  and  longitudinal  sections, 
these  cells,  especially  those  of  the  outer  layer,  resemble  in  many 
respects  the  columnar  epithelial  cells  of  the  scutellum  of  the  Grasses ; 
in  the  latter  case,  however,  the  epithelium  is  fixed  in  position,  whilst 
in  the  case  of  the  date  the  epithelial  cells  increase  in  number,  and  are 
gradually  pnshed  forward  as  the  resei've^cellnlose  of  the  endosperm  is 
absorbed. 

During  germination  of  the  date,  there  is  abundant  microscopical 
evidence  of  dissolution  of  the  cellulose  in  the  immediate  neighbour" 
hood  of  the  epithelium,  but  tiie  action  extends  only  a  very  short 
distance  into  the  endosperm. 

An  attempt  has  been  made  by  J.  R.  Green  (Phil.  Trans,,  178,  57, 
1887)  to  extract  a  soluble  cellulose-dissolving  ferment  from  the 
germinating  date.  A  glycerin  extract  of  the  cotyledons  was  found 
to  have  a  slight  action  upon  cotton  fibre  after  two  days'  digestion, 
whereas  the  previously-boiled  extract  had  no  such  action.  Green 
concludes  that  the  glycerine  extract  contains  a  trace  of  enzyme 
capable  of  hydrolysing  cellulose  to  a  sugar,  but  that  the  amount  of 
ferment  so  procurable  is  very  small,  and  that  the  disappearance  of 
cellulose  in  germination  is  not  dne  to  an  isolable  enzyme,  but  to  a 
gradual  destruction  of  the  reserve  material  by  the  epithelium,  in  the 
cells  of  which  the  ferment  exists. 

We  have  carefully  repeated  this  experiment  upon  the  seeds  of 
the  date,  which  had  been  germinated  for  eight  weeks,  but  instead 
of  employing  a  glycerol  extract,  as  suggested  by  Green,  we  pre- 
pared an  ordinary  aqueous  extract  of  the  cotyledons,  in  which  the 
growth  of  micro-organisms  was  prevented  by  the  addition  of  a  little 
chloroform,  for  we  have  always  found  that  an  aque<ms  extract  of 
a  vegetable  or  animal  tissue  containing  a  soluble  enzyme  has  a 
hydrolytio  power  far  superior  to  that  of  an  extract  made  with 
glycerol.  In  this  solution  were  immersed  thin  sections  of  potaiOt 
carrot,  and  turnip,  whose  parenchymatous  cell-walls  we  had  pre- 
viously found  to  be  very  susceptible  to  the  action  of  cellulose-dissolv- 
ing enzymes.    Neither  these  sections,  nor  thin  sections  of  the  en- 
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dosperm  of  the  date,  ahowed  the  sliglitest  signs  of  being  acted  upon, 
even  after  very  prolonged  digestion. 

Although  we  have  been  unable  to  confirm  Green's  statement  that  a 
soluble  oellnlose-ferment  can  be  extracted  from  the  growing  cotyledon, 
we  are  not  prepared  to  deny  the  existence  of  such  an  enzyme.  We 
have  seen  how,  in  the  germinating  date,  the  visible  action  on  the  cel- 
lo lose  can  be  traced  only  to  a  very  small  distance  from  the  epithelium, 
which  is  supposed  to  be  the  seat  of  the  secretion  of  the  enzyme. 
This  fact,  coupled  with  the  extreme  slowness  of  the  disappearance  of 
the  reserve-cellulose,  even  under  the  most  favourable  conditions  of 
temperature,  renders  it  highly  probable  that  the  ferment  is  used  up 
almost  as  fast  as  it  is  formed,  and  that  there  is  no  accumulation  of  the 
enzyme,  as  there  is  in  certain  other  seeds  to  which  we  shall  presently 
refer.  Under  these  circumstances  the  amount  of  enzyme  existing  in 
the  seed  at  any  one  time  would  be  very  small. 

Although  the  endeavours  to  isolate  a  soluble  cellulose-ferment  from 
the  date  have  only  been  partially  successfnl,  we  are  now  able  to  show 
for  the  first  time  the  existence  of  a  considerable  amount  of  such  an 
enzyme  i&  the  germinating  seeds  of  the  Grasses. 

If  sections  of  barley  of  varying  thickness  are  immersed  in  a  cold- 
water  extract  of  air-dried  barley-malt  of  sp.  gr.  1-030  to  1040,  in  the 
course  of  a  few  hours  they  undergo  considerable  alteration. 

If  the  sections  are  thin,  the  parenchymatous  tissue  of  the  endo- 
sperm portions,  within  less  than  24  hours,  is  completely  disintegrated, 
the  cell -walls  either  entirely  disappearing  or  remaining  in  a  much 
swollen  and  altered  form  as  mere  "  ghosts."*  In  the  thicker  sections, 
disintegration  can  be  traced  to  a  depth  1*5  to  2  mm.,  and  this 
breaking  down  of  the  tissue  proceeds  rapidly  if  the  digestion  with 
the  malt,  extract  is  continued.  The  addition  of  a  little  chloroform  or 
thymol  admits  of  the  experiments  being  carried  on  for  any  length  of 
time  that  may  be  required,  without  the  disturbing  influence  of  micro- 
organisms. 

*  The  following  method  is  well  adapted  for  observing  nnder  the  microscope  the 
gradual  dissolution  of  the  cell-wall  of  the  endosperm  of  the  Grasses.  Thin  sections 
are  made,  which  are  cleared  .of  their  starch  hy  treatment  with  saliya  in  the  way 
already  mentioned  (p.  462).  These  sections,  in  which  the  cell- walls  are  rendered 
very  apparent,  are  then  put  on  a  thin  cover-glass  with  a  drop  of  a  cellulose-dissolv- 
ing  liquid  (either  cold-water  malt-extract  made  with  air-dried  malt,  or  a  solution  of 
the  precipitated  cellulose-dissolving  enzyme),  and  examined  by  the  ordinary 
"  hanging-drop "  method,  the  slide  being  maintained  at  a  temperature  of  about 
25^80^  C.  It  is  advisable  in  all  cases  to  add  a  little  thymol  to  the  liquid.  In  this 
way  it  is  easy  to  follow  all  the  stages  of  dissolution  of  the  cell-wall,  a  portion  of 
which  can,  if  required,  be  kept  under  continuous  observation.  We  shall,  in  a 
future  part  of  our  paper,  have  occasion  to  refer  in  detail  to  the  results  obtained  on 
the  seeds  of  various  Grasses  examined  by  this  method. 
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The  alteration  of  tissue  in  these  experiments  is  exactly  similar, 
both  macroscopicallj  and  microscopically,  to  those  lyhich  take  place 
in  the  endosperm  during  the  early  stages  of  germinatipn.  This  is 
shown  in  a  very  striking  manner  by  immersing  in  the  malt-extract 
grains  of  barley  which  have  been  deprived  of  their  embryos.  Disin- 
tegration commences  in  the  "  depleted  cells "  of  the  endosperm 
adjacent  to  the  scutellum,  and  progresses  rapidly  in  a  distal  direction, 
the  cells  of  the  endosperm  losing  their  coherence  and  becoming 
'*  mealy.*'  just  as  in  natural  germination ;  we  have  in  fact  a  pcotial 
^'  malting  "  without  the  aid  of  germination. 

That  these  changes  are  due  to  the  presence  of  a  soluble  ferment  or 
enzyme  in  the  malt-extract  is  proved  by  the  fact  that  previous 
heating  of  the  extract  totally  and  permanently  destroys  its  activity 
as  a^  cellulose-dissolving  agent ;  and,  further,  it  is  equally  certain  that 
the  enzyme  is  not  pre-existent  in  the  resting  seed,  but  is  a  product  of 
germination,  since  an  extract  of  ungerminated  barley  has  no  action 
on  cellulose. 

The  cellulose-dissolving  enzyme  can  be  precipitated  from  a  cold- 
water  extract  of  an  air-dried  malt  by  means  of  alcohol,  the  method 
being  similar  to  that  adopted  for  the  preparation  of  diastase.  On 
dehydration  with  absolute  alcohol,  and  drying  in  a  vacuum,  the 
resulting  white  powder,  which  is  soluble  in  water,  is  found  to  be 
actively  eyto-hydrolytic*  as  well  as  amylo-hydrolytic. 

The  cyto-hydrolytic  power  of  the  crude  enzyme  so  prepared  is 
considerable,  especially  if  the  solution  is  made  very  feebly  acid  with 
formic  or  acetic  acid.  Sections  of  barley  or  of  wheat  placed  in  such 
solations  rapidly  exhibit  aU  the  phases  of  disintegration  which  are 
observed  when  malt-extract  is  used.  The  cuticularised  peripheral 
aleurone-cells  resist  the  action  of  the  enzyme  for  a  considerable 
time,  as  in  the  case  of  natural  germination,  but  the  cell-walls  of  the 
starch-containing  parenchyma  rapidly  disappear,  and  there  is  also 
considerable  action  upon  the  "sheaf-like**  cells  which  we  have 
described  as  being  the  remnant  of  the  nucellus.  The  comparative 
resibtance  to  dissolution  of  the  starch-containing  cells  of  the  ventral 
side  of  the  grain  is  clearly   shown  when   transverse  sections  are 

*  The  word  cffto-hydrolyiic  {tf,  cytopUum  and  cytobUut)  ma  suggested  to  us 
by  Mr.  W.  T.  Thiselton  Djer,  and  hm  been  used  throHghout  this  paper  to  express 
the  hydrolytic  activity  of  the  special  ceUulose-dissolving  enzyme.  Its  analogy  to 
amylo-hydrolytic  is  sufficieutly  obvious.  Although  strictly  speaking  the  word  im- 
plies the  disintegration  of  the  whole  cell  {kvtoq)  and  its  contests,  we  have  etymo-^ 
logical  grounds  for  limiting  its  apphcation  to  an  action  upon  the  cell-wo^  for 
exactly  the  same  limitation  of  meaning  ^  taken  place  in  the  derivation  of  cutU 
frum  KVTOQ.  The  word  which  originally  suggested  itself  to  us  was  xylo-hydrolytic, 
but  this  implies  that  the  enzyme  hae  an  action  upon  lignified  cellulose,  which  it 
certainly  not  the  case. 
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employed,  tlie  differential  action  being  exactly  similar  to  that  already 
referred  to  as  occurring  in  natural  germination,  and  is  probably  due 
to  a  slight  change  towards  lignification  in  the  older  cell-walls*  on 
the  ventral  side.  The  tissues  of  the  integument,  and^  in  fact,  all 
those  which  exhibit  the  least  signs  of  lignification,  remain  intact. 

The  cyto-hydrolytic  enzyme  of  germinated  barley  has  a  decided 
solvent  action  upon  the  endosperm-cellulose  of  all  the  Grasses  we 
have  examined,  even  upon  the  abnormally  thickened  cell-walls  of 
Bromus  rnoUis,  but,  in  such  cases  as  this,  solution  takes  place  more 
slowly  than  when  the  walls  of  the  parenchyma  are  of  ordinary 
thickness. 

We  have  examined  the  behaviour  of  the  enzyme  towards  the  seeds 
of  other  natural  orders  of  plants  containing  reserve-cellulose  in  the 
form  of  highly  thickened  cell-walls,  but  have  never  been  able  to 
determine  any  trace  of  solvent  action  even  after  prolonged  digestion. 
This  is  the  case  with  PhcBnix  dactylifera^  Asparagus  officinalis^  Coffea 
arahica,  and  Allium  cepa,  all  of  which  contain  cellulose  giving  the 
yellow  coloration  with  iodine ;  and  it  is  equally  trae  of  the  seeds  of 
the  following  plants  which  possess  thickened  cell-walls  of  amyloid 
cellulose  affording  a  dark-blue  coloration  with  iodine:  Impatieris 
Balsam^a,  TropcBolum  majus,  and  Primula  Wehbii. 

Although  the  action  of  the  cyto-hydrolytic  enzyme  of  germinated 
barley  appears  to  be  confined  to  its  own  natural  order  as  regards  the 
cellulose  of  seeds,  sneh  is  not  the  case  with  regard  to  parenchymatous 
cellulose  ^m  other  parts  of  the  plant. 

When  sections  of  potato  are  immersed  in  a  dilute  solution  of  the 
enzyme,  to  which  a  little  chloroform  or  thymol  has  been  added,  they 
lose  their  coherence  in  a  few  hours,  and  fall  to  pieces  with  great 
readiness.  This  "  rotten  '*  state  is  produced  by  a  change  in  the  cell- 
walls,  which  swell  up  to  many  times  their  original  thickness,  and 
become  differentiated  into  numerous  very  thin  lamellffi.  These,  aft<er 
a  time,  partially  break  up  and  become  resolved  into  minute  spindle- 
shaped  fragments  similar  to  those  observed  during  the  disappearance 
of  the  cell-walls  of  germinating  barley.  In  the  case  of  the  potato 
sections,  the  dissolution  never  appears  to  be  quite  complete,  owing  to 
the  resistant  action  of  a  thin  layer  of  the  cell-wall  (?  the  middle 
lamella). 

We  have  also  experimented  with  the  parenchyma  of  Jerusalem 
artichoke^  carrot,  turnip,  apple,  and  heet.  In  the  case  of  the  beet, 
the  cell- wall  is  but  very  slightly  acted  upon,  and  in  the  apple  not  at 
all,  whereas  the  parenchymatous  walls  of  the  Jerusalem  artichoke, 
carrot,  and  turnip  exhibit  the  same  phenomena  of  stratification  and 
dissolution  as  do  those  of  the  potato. 

Up  to  the  present  time,  we  have  not  succeeded  in  preparing  the 
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cjto-lijdrolytic  enzyme  free  from  diastase,  bat  the  evidenoe  is 
strongly  in  favour  of  the  two  enzymes  being  perfectly  distinct.  This 
is  rendered  probable  in  the  first  instance  by  the  microscopical  exami- 
nation of  the  germinating  seed,  in  which  the  action  upon  the 
cellulose  is  seen  to  precede  in  point  of  time  the  dissolution  of  the 
starch,  but  it  is  proved  beyond  all  doubt  by  the  differential  action  of 
heat  upon  the  mixed  enzymes  after  isolation,  or  whilst  still  existent 
in  malt-extract. 

When  the  mixed  enzymes  are  gradually  heated  with  water,  the 
cyto-hydrolytic  power  is  rendered  decidedly  less  energetic  at  a  tempe- 
rature* of  50^  C,  whilst  heating  for  half  an  hour  at  60°  almost 
completely  paralyses  its  action.  The  amy lo-hydrd lytic  diastase,  on 
the  other  hand,  even  after  being  heated  to  TO''  C,  still  possesses  as 
much  power  to  erode  and  dissolve  ungelatinised  barley-starch  as 
before  the  application  of  heat,  and,  as  was  shown  by  one  of  us  and 
Heron  in  a  previous  paper  (Trans.,  1879,  35,  596),  the  diastatic 
activity  of  malt-extract  upon  starch-paste  is  only  slightly  modified  at 
60°  C,  a  temperature  which  is  almost  fatal  to  the  cyto-hydrolytic 
enzyme. 

We  are  at  present  engaged  in  studying  the  products  of  the  trans- 
formation of  cellulose  under  the  action  of  this  special  enzyme. 


(15.)  The  Gyto-hydrolyst^  like  Diastase,  is  a  Product  of  the  Growing 
Embryot  and  is  also  secreted  by  the  Columnar  Q^ Absorptive'^) 
Epithelium. 

When  excised  embryos  of  barley  are  laid,  scutellum  downwards, 
upon  thin  sections  of  barley,  or  of  potato,  which  have  been  placed 
upon  a  moistened  surface,  visible  action  upon  the  parenchymatous 
cellulose  takes  place  within  24  hours,  and  is  often  evidenced  by  a 
complete  perforation  of  the  sections.* 

In  sections  of  barley,  the  phenomena  of  dissolution  are  exactly 
similar  to  those  observed  in  natural  germination,  and  also  to  those 
which  occur  when  the  tissue  has  been  immersed  for  a  short  time  in  a 
solution  of  the  isolated  enzyme.  These  changes  are  independent  of 
any  residual  life  in  the  cells  of  the  tissue  upon  which  the  embryos 
are  placed,  for  they  occur  just  as  readily  if  the  sections  have  been 
previously  immersed  in  alcohol;  and,  as  we  have  had  occasion  to 
remark  in  an  earlier  part  of  this  paper,  solution  of  the  cell- walla 

*  In  the  case  of  the  parenchyma  of  the  potato,  we  have  found  considerable  yaria- 
lion  in  the  resistance  to  the  secreted  cyto-hydrolytic  enzyme ;  these  dififerencee 
depend  to  a  great  extent  upon  the  particular  Tariety  of  potato  employed,  and  also, 
to  some  extent,  upon  its  age. 
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takes  place  in  endosperms  which  have  been  long  immersed  in  alcohol, 
after  living  embryos  have  been  "  grafted  *'  upon  them. 

On  the  other  hand,  if  the  embryos,  prior  to  being  placed  on  the 
sections,  have  been  deprived  of  their  ^^  absorptive  epitheliam  "  in  the 
manner  already  described,  thetf  are  found  to  have  lost  all  power  of 
exerddng  any  solvent  action  upon  the  celluloseJ*  We  are  consequently 
justified  in  considering  the  cyto-hydrolytic  enzyme  as  being  a  product 
of  the  growing  embryo,  and  in  localising  its  secretion,  as  in  the  case 
of  the  amylo-hydrolytic  enzyme,  in  the  columnar  or  so-called  absorp- 
tive epithelium. 

Although,  as  we  have  already  stated,  the  cyto-hydrolytic  enzyme 
does  not  dissolve  cellulose  which  is  in  the  slightest  degree  lignified, 
it  is  not  entirely  without  action  upon  the  cellulose  of  cotton-fibre. 
This  is  best  shown  by  cultivating  excised  barley  embryos  upon 
moistened  fUter^paper. 

In  the  course  of  about  two  days,  the  fibres  of  the  paper  in 
immediate  contact  with  the  scutellum  show  unmistakable  signs  of 
solvent  action.  They  become  much  more  swollen  and  transparent 
than  those  at  some  little  distance  from  the  embryo,  the  striation  of 
the  fibres  is  less  apparent,  and  there  is  a  general  tendency  towards  a 
loosening  of  their  finer  elements,  with  here  and  there  a  distinct 
approach  to  incipient  solution,  especially  at  their  ends.  Independent 
evidence  of  this  attack  upon  the  cotton-fibres  is  afforded  by  the  fact 
that  the  embryos  develop  to  a  greater  extent  when  cultivated  on 
moistened  filter-paper  than  when  grown  merely  upon  the  moistened 
surface  of  a  perfectly  indifferent  material,  such  as  porous  earthen- 
ware or  glass-wool.  There  can  be  no  doubt  that  the  filter-paper  is 
capable,  under  the  action  of  the  secreted  enzyme,  of  yielding  a  small 
amount  of  nutriment  to  the  growing  plantlet. 

This  action  upon  filter-paper  entirely  ceases  when  the  embryo  is 
deprived  of  its  epithelium,  and  it  is  also  completely  inhibited  by  the 
presence  of  a  small  amount  of  cane-sugar.  This  influence  of  cane- 
sugar  in  inhibiting  the  secretion  of  the  cyto-hydrolytic  enzyme  is 
also  evidenced  in  the  case  of  an  embryo  still  attached  to  its  natural 
endosperm,  and  has  been  already  referred  to  when  considering  a 
similar  influence  upon  the  secretion  of  the  amylo-hydrolytic  enzyme. 

Between  the  secretion  of  the  cyto-hydrolytic  and  amylo-hydrolytic 
enzymes  there  is  the  closest  possible  analogy.  Both  ferments  are 
secreted  by  the  same  epithelium,  and  the  secretory  action  is  in  both 
cases  strongly  influenced  by  the  presence  of  an  assimilable  carbo- 
hydrate.     It    is    probable  that    the    secretion   of    cyto-hydrolytic 

*  The  appearance  in  these  experiments  of  Schi2omycetee,  especially  of  Bacillut 
amtflobaeter,  is  attended  with  disintegration  of  the  cell-walls,  but  the  changes 
referred  to  in  the  text  are  antecedent  to  the  appearance  of  bacterial  life. 
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onzymes  may  be  a  somewhat  common  occuirence  in  plant  life. 
Marshall  Ward,  in  a  recent  paper  on  a  lily  disease  produced  by  a 
species  of  Botrytis  (Annals  of  Botany^  2,  319,  1888),  has  recorded 
some  highly  interesting  and  important  observations  npon  the  secretion 
by  the  hyphas  of  the  fnngns  of  a  ferment  which  is  capable  of 
softening  and  partially  dissolving  cellulose.  Certain  organs  of 
attachment,  and  the  tips  of  the  hyphsa,  are  capable  at  times  of 
secreting  a  relatively  large  amount  of  the  ferment,  and  in  culture 
media  this  may  be  made  to  *'  accumulate  to  such  an  extent  that  the 
hyphaB  can  no  longer  contain  it,  and  it  causes  a  dissolution  of 
cellulose  at  the  tip  of  the  hyphaa,  and  consequent  extrusion  of  the 
protoplasm  and  enzyme  in  the  form  of  drops."  It  is  owing  to  the 
secretion  of  this  enzyme  that  the  tip  of  the  hypha  is  enabled  to 
penetrate  the  tissue  of  the  lily,  which  it  does  by  dissolving  its  way 
into  the  cell- wall,  at  the  same  time  ^'  swelling  up  the  cellulose,  and 
feeding  upon  the  products  of  solution,  and  causing  destmotion  of  the 
tissues  by  isolating  the  cells  as  if  they  had  been  boiled." 

From  pure  cultures  of  the  fungus,  Marshall  Ward  was  able  to 
obtain  solutions  which  produced  the  same  kind  of  swelling  and  dis- 
solution of  the  cellulose.  That  this  is  due  to  a  special  enzyme  was 
proved  by  the  fact  that  boiling  the  aqueous  extracts  rendered  them 
inactive ;  moreover,  the  enzyme  was  shown  to  be  precipitable  from 
such  extracts  by  alcohol. 

Bearing  in  mind  the  parasitic  existence  of  the  embryo  of  the 
Grasses  during  germination,  the  analogy  between  it  and  a  fungus  like 
the  Botrytis  is  closer  than  might  at  first  be  suspected.  It  is  true  that 
the  secreting  tissue  of  the  embryo  cannot,  like  that  of  the  Botrytis, 
penetrate  its  host,  but  in  both  cases  the  accumulation  and  secretion 
of  a  cellulose-dissolving  enzyme  is  a  necessary  prelude  to  the 
acquisition  of  food  material. 

There  is  also  another  important  point  of  resemblance  between  the 
embryo  and  fungus  hyphas  which  most  not  be  lost  sight  of.  Marshall 
Ward  considers  that  his  observations  justify  him  in  concluding  that 
the  enzyme  is  not  accumulated  in  undue  quantities  at  any  particular 
place  within  the  fungus  as  long  as  active  growth  and  increase  of 
surface  of  the  fungus  are  going  on.  In  other  words,  accumulation 
and  secretion  of  the  enzyme  increase  as  the  food  materials  of  the 
plant  decrease  in  amount.  This  is  exactly  what  we  have  found  with 
regard  to  secretion  by  the  epithelial  cells  of  the  embryo — an  increase 
of  food  materials  diminishes  or  actually  inhibits  secretion,  whilst 
partial  starvation  causes  a  greater  flow  of  the  enzyme.* 

*  It  IB  mentioned  in  the  paper  above  referred  to,  that  De  Bary  found  indications 
of  the  secretion  of  a  cellulose-dissolving  enzyme  by  a  saprophytic  or  parssitio 
fungus  ScUroiinia  (Pmuo)  Sderotiarum,    The  expressed  juices  of  carrots  which 
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(16.)  The  Two  Varieties  of  Diastase,  their  Genesis  and  Distribution  in 
the  B-esting  and  Oerminating  Seed, 

It  was  for  a  loDg  time  believed  that  the  saccharifying  solable  ferment 
which  exists  in  sproated  grain  is  entirely  a  product  of  germination, 
and  that  angerminated  gi*ain  contains  no  active  starch- transforming 
body.  It  is  true  that  Kirchof,  as  far  back  as  the  year  1814  (Schweigg. 
Joum.j  4,  108),  had  shown  that  the  albumin  of  raw  grain  is  endowed 
with  some  saccharifyinsp  power,  but  this  observation  appears  to  have 
been  almost  overlooked  until  Kjeldahl  (Resume  du  Compte  rendu  des 
travaux  du  LahorcUoire  de  Garlsberg,  1, 1879, 129)  elaborated  his  method 
for  the  quantitative  determination  of  diastase.  Kjeldahl,  in  the 
course  of  his  experiments,  demonstrated  the  existence  of  an  active 
amylo-hydrolytic  enzyme  in  ungerminated  barley,  but  although  this 
has  a  considerable  saccharifying  power  upon  solutions  of  soluble- 
starch,  it  has  scarcely  any  influence  in  liquefying  starch-paste,  a  fact 
which,  in  some  measure,  accounts  for  the  diastatic  power  of  un- 
germinated  grain  having  been  so  long  overlooked,  previous  experi- 
ments having  for  the  most  part  been  made  with  starch-paste. 

It  is  this  inability  to  liquefy  starch-paste  which  differentiates  the 
enzyme  of  the  resting  seed  from  that  of  germinated  grain,  the  latter 
having  extremely  active  liquefying  and  saccharifying  powers.  We 
shall  presently  see  that  another  great  point  of  difference  between 
these  enzymes  is  foand  in  their  relative  action  upon  ungelatinised 
starch. 

A  comparative  study  of  the  amylo-hydrolysts  of  raw  and  germinated 
grain  has  recently  been  made  by  C.  J.  Lintner  and  F.  Bckhardt 
(Zeitschrift  f,  d,  gesammte  Brauwesen,  1889,  389),  who  caused  equal 
quantities  of  extracts  of  barley  and  of  malt  having  equal  hydrolytio 
powers  to  act  upon  soluble-starch  at  varying  temperatures,  and 
expressed  the  results  of  the  reactions  in  the  form  of  curves,  of  which 
the  abscissas  represented  the  temperature  and  the  ordinates  the 
reducing  power.  The  products  of  the  reaction  were  in  both  cases 
maltose  and  dextrin,  but  the  forms  of  the  two  sets  of  curves  differed 
very  materially  from  each  other,  so  much  so,  in  fact,  as  to  indicate  a 
radical  difference  in  the  nature  of  the  two  diastases.  Whilst  the 
optimum  temperature  for  a  conversion  with  malt-diastase  lies  between 
50**  and  5-5°,  that  of  barley-diastase  is  between  45°  and  50**;  and, 
moreover,  the  hydrolytic  power  of  barley-diastase  at  4^  is  as  high  as 
that  of  malt-diastase  at  14*5'*. 

We  have  endeavoured  to  obtain  some  information  about  the  origin 

had  been  rotted  under  the  influence  of  the  fnnguB  had  a  marked  action  upon  the 
oell-wallB  of  carrot,  bean,  or  seedlings  of  Brassica, 
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and  distribution  of  the  diastase  of  nngerminated  ^ain,  and  with  this 
object  in  view  have  made  a  large  number  of  comparative  experiments 
upon  unripe  barley  taken  at  different  stages  of  development. 

At  the  outset,  it  appeared  most  probable  that  this  diast<ase  owed  its 
ot*igin  to  the  epithelium  of  the  scutellum  acquiring  secretory  powers 
at  a  very  early  stage  of  its  development,  and  that  the  solution  and 
disappearance  of  endosperm  starch  lying  in  front  of  the  advancing 
Hcutellum  might  be  owing  to  this  fact.  It  is  manifest,  however,  that 
if  such  is  the  case  the  functions  of  the  young  epithelium  in  the 
developing  seed  must  be  very  different  from  those  which  it  manifests 
in  the  ripe  and  germinating  grain,  since,  as  we  have  already  shown, 
the  starch -granules,  in  the  former  case,  are  not  disintegrated  but 
symmetrically  dissolved,  whilst  the  cell-walls  of  the  parenchyma  are 
not  dissolved  but  merely  compressed  closely  together. 

When  barley  in  different  stages  of  development  is  taken  fresh  out 
of  the  fields,  we  have  invariably  found,  on  testing  in  the  usual  way 
by  the  starch-gelatin  method,  that  the  epithelium  of  the  excised  and 
immature  embryos  is  incapable  of  secreting  any  enzyme  which  will 
act  upon  the  starch-granules.  This  is  the  case  even  when  embryos 
have  been  selected  from  corns  which  are  in  every  way  morphologically 
mature,  providing,  however,  that  rtpei^tng  has  not  advanced  to  the  point 
of  partial  desiccation.  We  have  found  that  the  expulsion  of  moisture 
has  a  very  remarkable  influence  upon  the  secretory  functions  of  the 
embryo,  both  as  regards  the  amylo-hydrolytic  and  cyto-hydrolytic 
enzymes.  Comparative  experiments  have  clearly  shown  us  that  the 
potentiality  of  secretion  is  of  late  development  in  the  growing 
embryo,  and  that  actual  secretion  cannot  be  induced  in  the  epitheliam 
even  then  without  previous  expulsion  of  moistai-e.*  It  is  quite  clear 
from  these  facts  that  the  presence  of  a  diastase  in  raw  grain  cannot 
be  due  to  an  epithelial  secretion  of  the  same  kind  a«  that  observed  in 
germination ;  nevertheless,  that  the  occurrence  of  the  soluble  ferment 
is  in  some  way  intimately  connected  with  the  development  of  the 
embryo  is  shown  by  the  fact  that  it  increases  in  quantity  in  the  grain 
pari  passu  with  the  increase  in  size  of  the  embryo,  and  also  that  its 
distribution  within  the  seed  is  confined  mainly  to  the  proximal  end  of 
the  grain,  that  is,  to  the  end  including  the  embryo. 

The  increase  in  the  amount  of  amylo-hydroljtic  enzyme  in  barley 
during  development  is  shown  by  the  following  experiments,  made 
upon  the  grain  at  different  periods  of  growth : — 


*  It  has  long  been  known  to  piuctical  maltsters  that  barley  from  which  the 
original  moisture  has  not  been  fully  expelled  by  natural  or  artificial  drying  ger- 
minates but  very  imperfectly.  We  have  now  for  the  first  time  an  approach  to  an 
explanation  of  this  fact. 
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(1).  Endosperm  about  one  half  developed. 

(2).  Endosperm  two-thirds  developed. 

(3).  Endosperm  fully  developed,  but  grain  not  ripened. 

Diastase  Estimated  in  50  Oorn$. 

(1.)  Equivalent  to    4390  gram  CuO. 

(2.)  , ...-.    7-833 

(3.)  „  9-676 

The  following  experiment  illustrates  the  distribution  of  amjlo- 
hydrolytic  enzyme  in  raw  barley,  and  brings  out  the  fact  that  the 
major  part  of  the  soluble  ferment  is-  confined  to  the  proximal,  end 
of  the  seed  : — 

In  50  corns  of  a  ripe  (Califomian),  barley,  after  steeping  in  water. 

Grams  CuO. 

Diastase  in  proximal  halves  of  endosperm 1'715 

distal  „  „  0-610 


Total   2-325 

An  independent  determination  of  the  diastape  in  50  whole  corns  of 
the  same  barley  gave  a -result  equivalent  to  2*486  grams  CuO. 

We  shall  be  in  a  better  position  to  discuss  the  origin  of  the  diasfAse 
of  ungerminated  grain  after  a  consideration  of  the  facts  recorded  in 
the  following  section. 

(17.)  Distribution  of  Diastase  in  the  Germinating  Seed, 

The  large  increase  of  th»  more  active  amylo-hydrolytic  enzyme 
vihich  occurs  in  barley  during  germination  is  no  doubt  principally 
due  to  a  secretion  by  the  columnar  epithelium  of  the  growing  embryo. 
There  is  a  steady  accumulation  of  starch- liquefying  diastase  in  the 
endosperm,  and  this  in  the  course  of  time  permeates  its  whole  tissue, 
the  ready  passage  of  the  enzyme  through  the  contents  of  the  grain 
having  been  enormously  facilitated  by  the  previous  destruction  of  the 
cell- walls  by  the  cyto-hydrolytic  enzyme. 

The  following  experiment  illustrates  very  clearly  the  distribution 
of  diastase  in  the  germinated  grain,  and  a  comparison  with  the  results 
previously  given  for  ungerminated  grain*  gives  a  fair  idea  of  the 
increase  of  amylo-hydrolytic  enzyme  brought  about  by  germina- 
tion :— * 
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Distribution  of  Diastase  in  Barley  germinated  for  Seven  Days  under 
the  ordinary  eondiHon  of  the  Malting  Process. 

Grams  CuO. 

Diastase  in  50  half  endosperms  (proximal) 97970 

„  .„         (distal) 8-5310 

radidesof  60  corns 00681 

„  plnmtileB        „  0'0456 

scutellft  „  ..- 0-5469 

Sum  of  diastase  in  separate  estimations 13'9886 

Diastase  determined  in  50  whole  corns  of  the  same 

barley 13-7260 

The  accnmnlation  of  diastase  in  the  proximal  ends  of  the  endosperm, 
that  is,  in  the  immediate  neighbonrhood  of  the  embryo,  is  well  shown 
in  this  experiment,  bnt  the  principal  interest  centres  in  the  numbers 
which  indicate  the  relative  di  astatic -activity  of  the  varions  organs  of 
the  embryo.  These  were  carefully  dissected  from  each  other  and  a 
sepai*ate  determination  made  for  plumules,  radicles,  and  scutella.  Wo 
see  that  the  scutellum  contains  l>y  far*the  grater  proportion  of  the 
total  diastase  of  the  embryo,  but  it  willbe  noticed  that  both  radicles 
and  plumules  also  possess  a  small  ihare  of  activity  in  this  respect. 
We  have  found,  however,  that  whilst  "the  enzyme  of  the  scutellam, 
like  that  of  the  endosperm,  is  capable  of  liquefying  starch-paste  with 
great  rapidity,  the  enzyme  of  the  plumules  and'  radicles  resembles 
that  of  raw  grain,  inasmuch  as  it  is  incapable  of  acting  upon  starch- 
paste,  even  when  its  amylo-hydrolytic  power  in  solution,  estimated  by 
its  action  on  soluble'Starch,  is  made  equal  to  that  of  an  infusion  of 
the  scutella.  The  scutellum  owes  its  power  of  liquefying  starch- 
paste  and  eroding  and  disintegrating  staa-ch-granules*  to  its  epi- 
thelium, and  it  is  this  tissue  only  which  has  the  power  of  producing 
this  highly  active  form  of  diastase. 

The  comparatively  small  quantity  of  the  less  active  form  of 
diastase  existent  in  the  plumules  and  radicles  is  doubtless  connected 
with  the  disappearance  of  the  small  grains  of  transitory  starchy  which 
crowd  certain  portions  of  their  tissue  when  the  embryo  is  well 
supplied  with  nutriment.     There  seems  every  reason  to  believe  that 

*  We  hare  always  found  the  power  to  liquefy  starch-paste,  and  to  erode  the 
starch-granule  to  go  hand  in  hand.  A  diastase  which  will  liquefy  starch -past« 
will,  under  favourable  conditions,  also  disintegrate  the  starch-granule,  and  vice 
versd.  It  is  always  safe  to  predict  that  a  non -liquefying  diastase  will  not  attack 
the  granule  by  pitting  and  disintegration,  and  that  a  diastase  which  will  not  so  act 
on  the  granule  will  not  liquefy  starch-pasto. 


Digitized  by  VjOOQIC 


OF  SOM£  OF  THE  aRAMINEiB.  509 

the  enzyme  in  these  cases  takes  its  rise  in  the  cell-protoplasm  in 
Mrhich  the  starch-gp-ains  are  embedded ;  and  that  it  is  a  prodact  of 
the  metabolic  activity  of  the  cell  in  the  same  sense  that  invertase  is  a 
prodnct  of  the  yeast-cell. 

It  has  been  noticed  by  many  observers  that  certain  tisanes  of  plants, 
such  as  bnds  and  leaves,  which  contain  transitory  starch,  all  give 
iadications  of  containing  an  amylo-hydrolytic  enzyme.  Most  obser- 
vations agree  in  defining  this  enzyme  as  having  feeble  diastatic 
powers  as  compared  with  that  of  germinated  grain,  bnt  we  mnsfc 
bear  in  mind  that  most  oi  the  experiments  have  been  conducted 
with  starch-pctetey  upon  which  this  special  variety  of  diastase  acts 
with  difficulty;  there  is  no  doubt  that  when  such  experiments  are 
repea.ted,  using  solutions  of.  soluble-starch  instead  of  starch-paste, 
tissues  containing  transitory,  starch  will  be  found  to  contain  a  much 
larger  proportion  of  .amylo-hydrolytic  enzyme  than  has  been  previously 
imagined. 

The  enzyme  pvodnced  within. the  cell  for  facilitating  the  trans- 
location of  starch,  in  the  tissues  differs  so  widely  from  the  more 
active  form  which  is  secreted  by  a  specialised  tissue,  such  as  the 
scutellar  epithelium  of  the  Grasses,  that  it  becomes  necessary  to  adopt 
different  names  for  the  two  enzymes.  We  shall  in  future  speak  of 
the  less  acbive  amylo-hydrolytic  enzyme  as  *'  diastase  of  translocation,^* 
or  ''  translocation  diwtase,**  whilst  the  more  active  form,  which  is  a 
secretion  of  certain  specialised  cells,  we  shall  refer  to  as  '*  diastase  of 
secretion,''* 

We  are  now  in  a  better  position  to  understand  the  origin  of  the 
diastase  of  the  resting  seed.  In  the  case  of  barley,  and  doubtless 
also,  of  all  the  Grasses,  this  enzyme  has  the  p^^operties  of  '*  transloca- 
tion diastase ;"  it«  can  neither^  liquefy  starch-j^ste  nor  erode  the 
starch-granule.  During  the  invasion  of  the  young  parenchyma  of  the 
endosperm  by  the  developing  embryo,  the  cells  bordering  on  the 
embr^'o  are,  as  we  have  s«en,  emptied. of  their  starch, .and,  in  fact,  of 
all  their  contents.  The  disapjpearance  of  the  starch,  and.  its-symme* 
trical  dissolution  resemble -what,  is  seen  during^  the  disapj>earance  of 
transitory  starch,  and  we  cannot  doubt  that  the  changes  ara  brought 
about  by  the  same  means,  that  is,  a  production  ol  ''translocation 
diastase  "  in  the  parenchymatous  cells  of  the  endosperm. .  How  this  is 
initiated  is  not  at  present  clear,  but  it  is  possibly  brought  about  by  a 
small  amount  of  acid  from  the  growing  embryo  acting  upon  a 
zymogen  in  the  endosperm  cells. 

It  is  the  unused  residue  of  the  enzyme  so  produced  which  consti- 
tutes the  diastase  of  ungerminated  grain. 
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(18.)  The  Mother  Substance  of  the  "  Diastase  of  Secretion  "  accumulated 
in  the  Qemdnating  Seed  must  be  principally  derived  from  the  Endo^ 
sperm. 

This  is  sufficiently  proved  by  the  results  we  have  obtained  in  the 
quantitative  determinations  of  diastase  secreted  by  excised  embryos 
grown  on  cultivation  media.  Although  the  production  of  diastase  under 
these  conditions  is  considerable,  when  tho  weight  of  the  embryo  is 
taken  into  consideration,  yet  it  falh  far  short  of  the  total  quantity 
which  is  found  accumulated  in  the  endosperm,  when  the  embryo  is 
cultivated  under  its  natural  conditions.  The  secretory  powers  of  the 
separated  embryo  come  to  an  end  as  -soon  as  the  limited  amount  of 
reserve  material  contained  within  it  is  exhausted. 

We  shall  have  occasion  to  show,  in  a  future  communication,  that 
there  is,  under  natural  conditions  of  germination,  a  rapid  flow  of 
nitrogenous  material  from  the  endosperm  across  the  columnar  epithe- 
lium, and  it  is  doubtless  from  a  portion  of  this  material  that  the 
glandular  cells  are  able  o  elaborate  the  greater  part  of  the  diastaso 
which  flows  steadily  outwards  into  the  endosperm,  where  it  accumu- 
lates. It  is  highly  probable  that  the  production  of  at  least  a  portion 
of  the  cyto-hydrolytic  enzyme  may  be  accounted  for  in  the  same  way. 

The  experin.ents  of  Reychler  (Ber.^  22,  414),  and  of  C.  J.  Lintner 
and  Eckhardt  (Zeitschr.  fur  da^  gesammte  Branwesen^  1889,  389),  upon 
so-called  "artificial  diastase,***  indicate  that  an  amylo-hydrolytic 
enzyme  may  be  formed  from  the  gluten  or  mucedin  of  wheat  by  t>ie 
action  of  dilute  acid.  The  ferment  so  prepared  has  all  the  properties 
which  we  have  ascribed  to**  tranilocation  diastase,^* 

It  seems  highly  probable  that  this  form  of  diastase  may  arise  in 
living  tissue,  by  the  action  of  the  acid  cell-sap  upon  some  zymogen 
existing  in  the  protoplasm,  but  the  origin  of  the  more  active  *'  diastase 
of  secretion**  cannot'be  explained  in  this  simple  way. 

(19.)  Action  of  **  Diasta^se  of  Secretion  *'  upon  Ungelatinised  Starch, 

The  statement  made  by  O'Sullivan  in  1876  (/.  Ohem.  Soc,  1876,  ii, 
133)  that  ungelatinised  starch  is  not  acted  upon  by  malt-extract  was 
confirmed  three  years  later  by  one  of  us  and  Heron  (Trans.,  1879, 
621),  when  the  conclusion  was  arrived  at  that,  as  long  as  the  outer 
layer  of  the  granule  is  intstct,  '*  pitting  "  and  disintegration  cannot  be 
produced  by  artificial  means,  this  form  of  dissolution  being  insepa- 
rable from  the  action  of  the  living  cell  of  the  germinating  grain  in 
which  it  occurs. 

It  was  only  after  the  publication  of  the  last-mentioned  paper  that 
the  attention  of  one  of  us  was  directed  to  a  memoir  by  Baranetzky 


Digitized  byCjOOQlC 


OF  SOME  OF  THE  GRAMINE^.  511 

("  Die  starkeumbildenden  Fermente,"  Leipzig,  1878)  in  which  he  giyes 
the  results  of  a  number  of  experiments  on  the  comparative  rate  of 
action  of  malt- diastase  upon  starches  of  various  kinds. 

He  found  that  ungelatinised  potato-starch,  which  had  been  exclu- 
sively used  by  O'Sullivan  and  ourselves,  is  highly  resistant  to 
diastase,  whilst  most  of  the  starches  of  grain  are  readily  acted  apon, 
with  all  the  phenomena  which  attend  their  natural  solution  in  the 
germinating  seed. 

We  have  frequently  repeated  these  experiments  of  Barauetzky, 
and  can  fully  confirm  their  accaracy. 

Well  washed  and  purified  barley-starch  is,  in  a  few  days,  "  pitted," 
disintegrated,  and  dissolved  by  a  cold-water  extract  of  air-dried 
barley-malt,  or  by  a  solution  of  precipitated  diastase  prepared  from 
such  a  malt.  The  action  in  the  latter  case,  as  has  been  shown  by 
Baranetzky,  is  much  facilitated  by  the  addition  of  a  very  minute 
quantity  of  acid. 

In  the  following  experiment,  well-purified,  ungelatinised  hcurley- 
gtarch  was  allowed  to  remain  in  contact  with  a  solution  of  precipi- 
tated malt-diastase  to  which  00065  per  cent,  of  formic  acid  had  been 
added.  It  may  be  stated  that  an  acid  of  this  degree  of  dilution  has 
no  action  whatsoever  upon  barley-starch.  A  trace  of  chloroform  was 
added  to  prevent  putrefactive  changes,  and  the  action  was  allowed  to 
proceed  at  ordinary  temperatures  for  a  period  of  20  days,  at  the  end 
of  which  time  the  solution  was  analysed. 

Sp.  gr.  of  solution,  1013-32. 

Optical  activity  in  200  mm.  tube,  24' 6  div. 

Cupric  reduction  per  100  c.c.  =  4*297  grams  CuO.  This  is  equi- 
valeut  to  3*194  grams  maltose,  which  would  give  a  deflection  of  24'9 
divisions,  against  24*6  actually  observed.  We  may  conclude,  there- 
fore, that  the  whole  of  the  optically  active  substance  is  maltose,  which, 
in  this  case,  amounts  to  92*4  per  cent,  of  the  total  solids  which  have 
gone  into  solution. 

(20.)  A  Consideration  of  the  Origin  of  the  Hydrolytic  Enzymes  of 
Qerminated  Grain. 

We  have  seen  how  the  isolated  embryo  may,  under  artificial 
conditions,  be  made  to  bring  about  identically  the  same  changes  in 
parenchymatous  cell-walls,  and  starch-granules,  as  are  observed  in 
the  endosperm  during  natural  germination ;  we  cannot  but  conclude, 
therefore,  that  these  phenomena,  which  are  amongst  the  most  im- 
portant of  the  visible  changes  produced  under  natural  conditions,  owe 
their  origin  to  the  growing  embryo,  and  more  particularly  to  the 
extraordinary  secretory  functions  of  the  scutellar  epithelium.    There 
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are,  however,  two  other  views  which  hare  been  advanced  within  the 
last  few  years  to  account  for  the  observed  changes  in  the  endosperm 
of  growing  seeds,  and  to  theflie  we  mast  now  briefly  refer. 

In  1886,  Frankhanser  (Der  Bund,  Berne,  37,  No.  26)  in  recording 
the  results  of  an  inquiry  into  the  natare  of  diastase,  correctly 
describes  the  dissolution  of  the  cell-walls  of  the  endosperm  during 
the  germination  of  barley,  but  attributes  this  action  to  the  agent 
which  is  instrumental  in  dissolving  the  starch.  As  he  was  able  to 
extract  from  germinaied  barley  small  quantities  of  formic  aoidy  and 
also  found  that  this  acid  has  the  power  of  transforming  starch  into 
sugar,  he  came  to  the  somewhat  astonishmg  conclusion  that  the  dis- 
solution of  both  cellulose  and  starch  in  the  natural  grain  is  brought 
about  by  the  direct  action  of  the  formic  acid  which  is  disengaged  by 
the  embryo. 

This  statement  is  entirely  at' variance  with  the  results  recorded  in 
this  paper,  and  is  contradicted  by  the  simple  facts  that  the  agents 
which  are  instrumental  in  dissolving  the  cellulose  and  starch  have 
their  hydrolytic  activity  paralysed  by  the  mere  action  of  heat,  and 
that  dilute  formic  acid  has  no  action  upon  the  nngelatinised  starch- 
granule.  It  is,  however,  highly  probable,  from  the  results  of  our 
experiments,  that  the  liberation  of  a  small  quantity  of  acid  by  the 
growing  embryo,  which  certainly  seems  to  occur,  is  instrumental  in 
increasing  the  activity  of  the  ferment* secreting  cells,  and  in  intensi- 
fying the  hydrolytic  activity  of  the  enzymes  after  secretion. 

From  time  to  time,  an  occasional  suggestion  has  been  made  that 
the  changes  in  the  endosperm  may  possibly  be  .due  to  the 
action  of  micro-organitma,  but,  as  far  as  we  know,  only  one  serious 
attempt  has  been  made  to  prove  the  presence  and  multiplication  of 
bacteria  within  the  uninjured  tissues  of  the  seed.  This  was  recorded 
in  1888  by  H.  Bernheim  {Ghem,  Zeitung,  No.  80),  who  attempted  to 
show  that  bacteria  play  a  prominent  part  in  the  germination  of  grain, 
and  that  they  exist  in  the  resting  seed  in  the  form  of  spores,  increase 
under  the  influence  of  air  and  moisture,  and  are  instrumental  in 
producing  diastase  by  the  alteration  of  the  reserve  albuminoids. 
It  is  further  stated  by  this  observer  that  he  prepared  pure  cultures 
of  various  cocci  and  bacilli  from  the  interior  of  maize  and  other 
grain. 

During  the  progress  of  our  work,  we  have  irequently  made  very 
careful  search  in  germinating  grain  for  traces  of  bacteria,  but  have 
never  found  within  the  tissue  of  the  endosperm  a  trace  of  these 
organisms,  except  under  conditions  which  were  favourable  to  their 
access  from  without.  Our  own  observations  on  this  point  are  in 
accord  with  those  of  Frankhanser  {loc,  cit.),  and  the  recent  critical 
examinaticm   of   Bernheim^s    work    by   Bucbner    {Munch,   medizin. 
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Wochenschrift,  1888»  906)  safficientlj  indicates  the  untrastworthiness 
of  his  conclusions. 

There  is  still  another  possible  explanation  of  the  prodaction  of  the 
large  amoont  of  amjlo-hydrolytic  enzyme  daring  germination. 

It  has  been  shown  by  J.  R.  Green  (Phil,  Trans.,  178,  1887,  B,  39) 
that  germinating  Inpin  seeds  contain  a  proteo-hydrolytic  ferment, 
-which  is  capable  of  converting  fibrin  into  peptone,  lenein,  and  tyrosin. 
This  ferment  appears  to  exist  in  the  resting  seed,  not  in  an  active 
form  bat  as  a  zymogen,  the  small  amoont  of  acid  which  arises  daring 
germination  reacting  on  this  zymogen,  and  developing  from  it  a 
soluble  ferment,  under  the  action  of  which  the  transformation  of  the 
resting  products  readily  takes  place. 

It  did  not  seem  at  all  improbable  that  some  action  similar  to  this 
might  occur  during  the  germination  of  the  seeds  of  the  Grasses,  and 
that  the  small  quantity  of  acid  produced  by  the  embryo  might  react 
upon  a  zymogen  existing  in  the  endosperm,  and  so  produce  from  this 
mother-sabstance  an  active  diastase. 

This  possibility  has  been  carefully  borne  in  mind  during  the  course 
of  our  work,  and  we  have  already  described  the  results,  which  were 
in  all  cases  negative^  of  some  experiments  made  upon  the  endosperms 
of  barley  with  the  particular  object  of  producing  an  amylo-hydrolytic 
enzyme  from  the  contents  of  their  cells.  It  is  true  that  the  experi- 
ments of  Beychler  and  of  C.  J.  Lintner  and  Eckhardt  have  shown 
the  possibility  of  preparing  an  amylo-hydrolytio  enzyme  from  certain 
grain  albuminoids  by  long  digestion  with  dilute  acid,  but  the  starch- 
transforming  powers  of  the  product  are,  as  we  have  already  seen, 
essentially  difEerent  from  those  of  the  intensely  active  form  of 
diastase  which  is  found  in  the  endosperm  and  in  certain  parts  of  the 
embryo  during  germination. 

All  the  evidence  points  to  the  highly  active  form  of  amylo- 
hydrolytic  enzyme  being  a  direct  glandular  secretion  of  the 
columnar  epithelium  of  the  embryo,  and  we  cannot  explain  its 
presence  in  the  endosperm  on  any  other  assumption. 

(21.)  The  Form  in  which  the  Reserve  Starch,  after  Transformation,  enters 
the  Growing  Embryo,  and  a  Consideration  of  the  Metabolic  Changes 
which  it  there  undergoes. 

Since  the  starch-granules  of  barley  are  acted  upon  by  a  solution  of 
the  isolated  "  diastase  of  secretion "  with  all  the  phenomena  of 
'*  pitting,"  &c.,  which  attend  their  dissolution  under  the  same  agency 
within  the  natural  endosperm,  it  is  fair  to  assume  that  the  actual 
chemical  products  of  the  reaction  are  the  same  in  each  case,  maltose 
being  the  final  result ;  and  that  this  maltose  suffers  no  further  rneta* 
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bolic  change  within  the  dead  and  disintegrated  tissae  in  which  it 
arises,  but  is  absorbed  as  such  bj  the  colnmnar  epithelium  of  the 
scutellum.  Fortanately,  however,  clear  as  it  may  seem,  we  are  not 
left  wholly  to  inference  in  this  matter,  as  a  considerable  amonnt  of 
direct  chemical  evidence  is  available,  the  sugars  of  some  of  the 
germinated  and  nngerminated  cereals  having  been  made  the  subject 
of  more  or  less  elaborate  researches,  which  we  mast  now  consider. 

The  presence  of  cane-sugar  in  germinated  barley  was  first  demon- 
strated by  Kiihnemann  in  1875  (Ber.,  8,  202  and  387),  and  was 
subsequently  confirmed  by  one  of  us  and  Heron  four  years  later 
(TrEms.,  35,  1879,  609)  when  it  was  shown  that  a  cold  aqueous 
infusion  of  malt  contains  a  very  appreciable  quantity  of  cane-sugar, 
and  that  this  cane-sugar,  on  digestion  of  the  infusion,  is  inverted  under 
the  action  of  a  special  invertive  enzyme,  which  also  has  its  origin  in 
the  malt.  In  the  year  1881,  Kjeldahl  {BSsumi  du  Compte  rendu  des 
travaux  du  Laboratoire  de  Carlsherg,  1881, 189)  published  the  results  of 
a  research  upon  the  carbohydrates  of  barley  and  malt,  with  special 
reference  to  the  presence  therein  of  cane-sugar.  The  estimations  of 
cane-sugar  were  effected  by  inverting  the  cold-water  extracts  of  the 
malt  with  invertase,  or  with  yeast  in  which  the  power  of  producing  an 
alcoholic  fermentation  had  been  paralysed  by  means  of  thymol.  The 
amount  of  cane-sugar  was  found  by  taking  the  increased  cupric- 
reduction  of  the  solution  after  inversion,  and  controlling  by  an 
observation  of  the  loss  in  optical  activity.  The  two  methods  gave 
results  which  were  in  close  accord  with  each  other,  and  the  accuracy 
of  the  process  was  shown  by  its  application  to  mixtures  of  carbo- 
hydrates containing  known  quantities  of  cane-sugar.  The  aqueous 
extracts  of  the  grain  upon  which  the  determinations  were  effected 
were  prepared  in  such  a  manner  as  to  prevent  any  action  of  the 
natural  invertive  ferment  of  the  malt.  This  was  brought  about 
either  by  employing  a  little  sulphurous  acid  (which  was  sub- 
sequently removed  with  baryta)  or  by  dehydration  of  the  malt 
with  absolute  alcohol,  and  submitting  it,  in  order  to  destroy  the 
invertive  ferment,  to  a  temperature  of  100*  before  extracting  with 
water. 

Whilst  nngerminated  barley  contains  only  about  1*5  per  cent,  of 
cane-sugar,  it  was  found  that  "  green  "  malt  (that  is,  malt  ready  for 
the  kilning  process)  contains  as  much  as  4*7  per  cent.,  showing  a 
decided  increase  during  germination.  No  dextrin  could  be  found  in 
malt. 

Kjeldahl  endeavoured  to  estimate  the  maUose  present  in  malt  by  a 
direct  method,  based  upon  an  observation  of  one  of  us  and  Heron 
{Proc.  Roy.  8oo.,  1880,  393)  that  maltose  is  hydrolysed  into  dextrose 
by  a  ferment  existing  in  the  small  intestine  of  animals.    The  results 
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were  not  very  concordant,  bufc  pointed  to  the  existence  of  about  4  per 
cent,  of  maltose  in  barley-malt. 

In  1886,  O'SuUivan,  without  any  knowledge  of  the  work  of 
Kjeldahl  just  alluded  to,  made  a  very  careful  examination  of  the 
sugars  existing  in  ungerminated  and  germinated  grain  (Trans.,  1886, 
49,  58).  The  method  employed  for  a  determination  of  the  cane- 
sugar  was  substantially  the  same  as  that  of  Kjeldahl ;  the  sugars 
were,  however,  extracted  with  alcohol  instead  of  with  water,  and  by 
the  combination  of  a  fermentation  method  with  determinations  of 
the  optical  and  cupric-reducing  powers  of  the  solutions,  certain 
valuable  conclusions  were  arrived  at  with  regard  to  the  nature  and 
amount  of  the  other  sugars  present. 

Ungerminated  barley  was  found  to  contain  0*8  to  1*6  per  cent,  of 
cane-sagar,  and  a  small  but  variable  quantity  of  a  sugar  or  sugars 
with  a  less  reducing  power  than  dextrose,  and  showing  IsBVorotation. 
O' Sullivan  gives  no  positive  opinion  as  to  what  these  sugars  are,  but 
the  results  suggest  that  invert-sugar  constitutes  a  considerable 
proportion,  and  we  must  also  include  amongst  them  a  small  quantity 
of  raffinose,  which  the  same  observer  at  a  subsequent  date  (Trans., 
1886,  49,  70)  proved  to  exist  in  barley. 

As  the  result  of  a  large  number  of  examinations  of  barley-malt, 
O'Sullivan  found  the  ready  formed  sugars  to  vary  within  the 
following  limits : — 

Cane-sugar 2*8  per  cent,  to  60  per  cent. 

Maltose 1*3         „         „   5*0         „ 

Dextrose 1*5         „         „   3*0        „ 

Levulose 0-7        „        „   1*5        „ 

These  experiments  clearly  indicate  a  large  increase  in  the  cane- 
sugar  during  germination,  and  a  production  of  maltose,  dextrose,  and 
levulose.  0' Sullivan  concludes  that  the  maltose  is  derived  from  the 
starch,  which  unquestionably  disappears  during  germination,  but  he 
gives  no  opinion  as  to  the  origin  of  the  cane-sugar  and  its  products 
of  inversion. 

Before  considering  more  fully  the  origin  and  distribution  of  the 
sugars  of  germinated  grain,  it  will  be  well  to.  give  actual  chemical 
proof  of  the  disappearance  of  starch  during  germination,  a  fact 
which  is  abundantly  evidenced  by  the  micro- chemical  observations  to 
which  we  have  so  frequently  alluded.  We  give  below  determinations 
of  the  actual  quantity  of  starch  in  a  given  number  of  grains  of 
barley  before  and  after  germination,  the  amount  of  starch  being 
expressed  in  each  case  in  actual  weights.  The  estimations  were 
made  by  the  method  recommended  by  O'Sullivan  (Trans.,  1884,  45, 1), 
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which  consists  essentiallj  in  hjdroljsing  the  starch  by  diastase,  and 
determining  the  amoant  as  maltose  and  dextrin. 

Starch  in  1000  Goms. 


Expt.  (1) 
„     (2) 


Starch  in 
bariey  before 
germination. 

grams. 

20-0552 
19-9168 


Starch  in 

bariej  after 

six  dajB* 

germination. 

Loss  of  starch 

grams. 

in  grams. 

15-4398 

4-6154 

16-3636 

4-5522                  1 

It  is  manifest  that  a  determination  of  the  total  amount  of  sugars 
diffused  throughout  the  germinated  grain  cannot  teach  us  much 
with  regard  to  their  origin,  but  that  considerable  light  may  be 
thrown  upon  this  point  by  ascertaining  the  relative  distribution  of 
the  sugars  between  the  embryo  and  endosperm.  With  this  end  in 
view,  we  have  dissected  out  the  embryos  from  a  large  number  of 
grains  of  barley  before  and  during  germination,  and  have  determined 
the  nature  and  amount  of  the  sugars  after  separate  extraction  of  the 
embryos  and  endosperms  with  alcohol.  W<6  used  substantially  the 
same  method  as  O'SulUvan,*  determining  in  each  case  the  cane-sugar 
by  invertase,  the  nature  of  the  other  sugars  being  inferred  from  a 
consideration  of  their  optical  and  cupric-redacing  properties.  The 
results  indicate  that  the  sugars  consist  almost  entirely  of  cane-sugar, 
invert-sugar,  and  maltose. 

In  the  first  table  we  have  expressed  the  results,  for  purposes  of 
comparison,  not  in  percentages  but  in  actual  weights  of  each  sugar 
obtained  from  a  giTen.  number  of  grains  of  barley,  before  and  after 
germination. 

Stigars  in  250  Corns  of  the  Barley. 


Barley,  after  steeping  in 
water  for  48  hours. 

Barley  after  germination 
for  10  days. 

Embryos. 

Endosperms. 

Embryos. 

Endosperms. 

Oane'suffar  .••.......  t  . 

grams. 
0  0204 
0-0070 

grsms. 
0  0338 
00227 

grams. 
0-3430 
0  0174 

grams. 
0  1787 

Inrert-flugar 

01790 

Maltose 

0-3640 

Total  sugars 

0  0-274 

0  05«6 

0-8604 

0-7217 

*  The  finely  divided  tissue  was  first  treated  with  ether  in  a  8oxblet*s  extractor 
in  order  to  take  out  the  fat,  and  the  sugars  were  afterwards  extnkcted  with  alcohol 
in  the  same  apparatus. 
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The  following  fcable  represents  the  qnantities  of  the  rarious  sugars, 
expressed  in  percentages  on  the  dry  weights  of  the  250  embryos  and 
endosperms  respectively. 


Barlej  after  steeping  in 
water  for  48  hours.* 

Barlej  after  germination 
for  10  days. 

Embryos. 

Endosperms. 

Embiyos. 

Endosperms. 

C&ne-sngftr  .«•■ 

per  cent. 
5-4 
1  8 

per  cent. 
0-3 
0-2 

per  cent. 

24  2 

1-2 

per  cent. 
2-2 

Invert-sugar 

2-2 

Maltose 

4'5 

Total 

72 

0-6 

25-4 

8 '9 

The  resalts  g^ven  in  the  table  illustrate  in  a  very  striking  manner 
the  increase  of  sugars  during  germination  (an  increase  which  we 
have  seen  is  accompanied  by  a  diminution  in  the  starch),  and  the 
very  marked  differences  which  exist  in  their  relative  distribution 
between  embryo  and  endosperm.  We  see  that  whilst  in  the  germin- 
ating seed  the  presence  of  maltose  is  confined  to  the  endosperm^  the 
part  of  the  grain  in  which  it  takes  its  origin,  the  greater  part  of  the 
eane'Srtgar, .  on  the  other  hand,  is  found  in  the  growing  embryOy 
whose  tissues  are  excessively  rich  in  it,  for  it  amounts  to  nearly 
25  per  cent,  of  their  dry  weight. 

We  cannot  avoid  the  conclusion  that  transformed  starch  is  absorbed 
from  the  endosperm  by  the  columnar  epithelium  of  the  embryo  in 
the  form  of  maltosej  and  that  this  maltose,  by  the  more  or  less  com- 
plicated metabolic  processes  of  the  living  cells  of  the  embryo  is 
rapidly  converted  into  cane-sugar.  The  small  percentage  of  cane- 
and  invert  sugar  in  the  endosperm  is  probably  accounted  for  by 
diffusion  from  the  plumule  across  the  very  thin  dividing  tissue  of 
the  endocarp  and  testa.  Such  a  diffusion  must  certainly  take  place 
during  the  alternate  moistening  and  partial  drying  to  which  the  grain 
was  subjected  during  germination. 

We  have  been  able  to  demonstrate  in  a  very  striking  manner  the 
ability  of  the  growing  tissue  of  the  embryo  to  convert  maltose  into 
cane-sugar.  This  was  done  by  cultivating  the  excised  embryos  of 
barlej  upon  a  solution  of  maltose,  and  determining  the  cane-sugar  in 

*  The  small  amount  of  sugars  in  the  ungerminsted  barley,  as  compared  with 
the  results  of  Kjeldahl  and  O'Sulliran,  is  due  to  the  long  steeping  of  the  grain 
preyious  to  analysis.  The  germinated  and  nngerminated  samples  were  treated  in 
the  same  manner  in  this  respect,  to  ensure  a  proper  comparison  of  the  resuhs. 
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the  plantlets  after  such  caltivation.  Although  under  these  circam- 
stances  cane-sugar  may  be  found  within  the  embryo,  not  a  trace 
can  be  discovered  in  the  culture-medium  itself,  which  we  should 
expect  if  the  maltose  were  converted  by  the  action  of  any  secreted 
ferment. 

When,  on  the  other  hand,  embryos  are  grown  upon  solutions  of 
dextrose  instead  of  maltose,  it  will  be  noticed  that  no  cane-sugar  is 
formed  in  their  tissues,  but  that  the  reducing  sugars  present  in  each 
case  have  optical  and  reducing  properties  corresponding  to  a  mixture 
of  invert  sugar  and  dextrose. 

Sugars  present  in  250  Barley  Embryos  after  six  days'  Culture  on 
(1)  Z'b per  cent,  maltose  solution;  (2)  3*5  per  cent,  dextrose  solu- 
tion, 

(1.)  (2.)       . 

Maltose  solationj        Dextrose  solution, 
grains.  grams. 

Cane-sugar 0"1 13  — 

Dextrose 0042  0*018 

Invert-sugar 0081  0162 

Total  sugars 0236  0-180 

The  constant  presence  of  large  quantities  of  cane-sugar  in  the 
embryo  of  barley  when  growing  under  natural  conditions,  that  is, 
attached  to  its  endosperm,  explains  to  some  extent  the  high  nutrient 
value  of  this  sugar  as  compared  with  other  carbohydrates,  in  artificial 
culture  experiments  with  the  excised  embryos.  Its  superiority  in 
this  respect  over  the  natural  nutritive  carbohydrate  maltose  can  be 
uuderstood  if  we  bear  in  mind  that  the  maltose  has  to  be  first  con- 
verted into  cane-SQgar,  and  that  this  expenditure  of  energy  on  the 
part  of  the  living  cell  is  rendered  unnecessary  if  the  nutrient  sub- 
stance is  given  in  the  shape  of  ready-formed  cane-sugar.* 

The  intimate  connection  between  cane-sugar  and  starch  in  plants 
has  been  clearly  shown  of  late  years  by  several  chemists.     In  the 

•  The  necessity  vhioh  the  growing  tissue  is  under  of  having  to  convert  the 
absorbed  maltose  into  cane-sugar  before  it  can  be  passed  on  from  cell  to  cell  is 
paralleled  by  a  somewhat  similar  phenomenon  in  the  animal  organism.  Under 
the  influence  of  tlie  amjlo-hjdrolytic  enzymes  of  the  pancreas  and  small  intestine, 
as  was  shown  by  one  of  us  and  Heron  in  1880  (Proc.  Roff.  Soc.,  1880,  398),  starch 
is  rapidly  converted  into  maltose,  but  we  have  good  reasons  for  believing  that  on 
absorption  by  the  epithelium  of  the  small  intestine  it  is  further  converted  into 
dextrose,  in  which  form  it  enters  the  portal  blood,  and  is  subsequently  made  use  of 
by  the  animal  organism.  The  correctness  of  this  view  has  been  rendered  still  more 
probable  by  the  subsequent  researches  of  S.  J.  Phillips  (Malj's  Jahreeh,  dtr  Thier. 
Chem.,  1881, 60). 


Digitized  by  VjOOQIC 


I 


OF  SOME  OF  THE  GRAMINaffi.  519 

case  of  the  taber  of  tbe  potato,  tbe  dependence  of  its  reserve  starch 
upon  the  previons  existence  of  cane-SDgar  in  the  juices  of  tbe  plant 
has  been  very  Tvell  shown  by  Aime  Girard  (Gompt  rend.,  108 
(1889),  602).  The  same  has  been  done  for  maize  by  H.  Lepley 
(Compt.  rend.,  94  (1882),  1033),  and  for  toheat  by  Balland  (Gompt 
rend.,  108  (1888),  1610). 

In  a  series  of  experiments  which  we  conducted  a  few  years  ago 
upon  the  barley  plant,  taken  from  the  fields  at  various  stages  of  its 
growth,  we  were  able  to  satisfy  onrselves  that  cane-sugar  forms  a 
large  proportion  of  the  sugars  existing  in  the  sap  of  the  plant,  and 
that  this  cane-sugar  disappears  pari  passu  with  the  formation  and 
accumulation  of  starch  in  the  seed. 

It  is  doubtless  in  the  form  of  cane-sugar  and  its  products  of  inver- 
sion that  the  transference  of  carbohydrates  in  the  Grasses  mainly 
takes  place.  That  this  translocation  or  wandering  of  the  sugars  is 
brought  about  to  some  extent  by  the  ordinary  physical  processes  of 
osmosis  is  in  the  highest  degree  probable,  but  we  must  always  bear 
in  mind  that  the  living  cells  behave  in  respect  to  diffusible  sab- 
stances  very  differently  from  artificial  septa,  or  from  the  same  cells 
after  their  vitality  is  destroyed.  Although  it  is  possible  to  have  a 
ready  exchange  of  water  between  the  cell-sap  of  the  vacuole  and  a 
solution  of  a  diffusible  substance  placed  outside  the  primordial 
utricle,  yet  the  protoplasm  itself,  as  long  as  it  is  living,  constitutes  a 
most  formidable  barrier  to  the  passage,  outwards  or  inwards,  of  even 
the  most  diffusible  substances. 

The  scutellum  of  the  Grasses  affords  a  good  subject  for  investiga- 
tions of  this  nature,  for  we  have  seen  that  all  the  nutrient  substances 
derived  from  the  endosperm  must  pass  through  its  tissues  on  their 
way  to  the  growing  parts  of  the  plant. 

The  cell-walb  of  the  parenchyma  and  the  intercellular  spaces 
afford  means  for  the  sugars  to  pass  through  this  tissue  by  processes 
of  diffusion,  but  if  these  were  the  ordinary  channels  made  use  of  by 
the  soluble  carbohydrates,  we  should  expect  to  find  a  considerable 
quantity  of  maltose  in  the  growing  embryo,  unless  indeed  the  conver- 
sion of  maltose  into  cane-sugar  takes  place  daring  the  passage  of  the 
former  across  the  single  row  of  cells  forming  the  absorptive  epithelium. 

That  the  nutritive  carbohydrates  really  gain  access  to  tbe  cell- 
protoplasm  is  shown  by  the  abundant  formation  of  transitory  starch 
within  it,  and  it  has  been  suggested  by  Sachs  that  the  wandering 
of  the  sugars  across  the  parenchyma  is  brought  about  by  the  suc- 
cessive formation  and  dissolution  of  this  transitory  starch,  which  is 
thus  in  a  constant  state  of  flux.  If  this  view  is  correct,  we  have  still 
the  same  difficulty  in  explaining  how  the  products  of  dissolution  of 
tbe  transitory  starch  pass  on  from  cell  to  cell. 
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It  seems  to  us  far  more  probable  that  after  the  maltose  has  passed 
throngh  the  absorptive  epithelium  it  diffuses  through  the  cell-walls 
of  the  parenchyma  to  the  primordial  utricle,  and  is  then  incorporated 
with  the  protoplasm,  from  which  the  cane-sugar  is  subsequently 
elaborated.  The  sucrose,  which  is  in  excess  of  the  amount  demanded 
by  the  cell  for  carrying  on  its  processes  of  constructive  and  destruc- 
tive metabolism,  is  temporarily  accumulated  aa  such  in  the  cell-sap, 
or  as  transitory  starch  in  the  protoplasm  itself.  In  the  actual  passage 
of  material  from  cell  to  cell  the  continuity  of  the  protoplasm  doubtless 
plays  a  most  important  part. 

We  are  continuing  our  experiments  on  the  germination  of  the 
Grasses,  and  are  engaged  in  applying  the  methods  we  have  described 
to  an  elucidation  of  the  changes  which  other  reserve  materials,  more 
especially  the  protelds,  undergo  in  their  passage  from  the  endosperm 
to  the  embryo,  and  of  the  agencies  which  are  at  work  in  bringing 
about  their  transformation. 

(22.)  ADDENDUM,      A  Condderation  of  the  Recent  Hypothesis   of 
0.  Haherlandt^  thai  the  Aleurone-Ltiyer  Secretes  Diastase, 

We  have  already  (p.  473)  briefly  alluded  to  the  suggestions  which 
have  been  made  from  time  to  time  that  the  aleurone-layer  of  the 
endosperm  of  the  Grasses  is  in  some  way  or  other  intimately  con- 
nected with  the  production  of  diastase  during  germination,  and  we 
have  also  stated  that  our  experiments,  as  far  as  they  go  in  this 
direction,  are  opposed  to  the  correctness  of  this  view. 

We  had  intended  to  discuss  fully  the  evidence  upon  which  this 
opinion  was  based  in  a  subsequent  part  of  our  paper,  but  have  con- 
sidered it  desirable  to  do  so  at  once,  owing  to  the  recent  publication 
of  an  important  memoir  having  a  direct  bearing  on  this  subject. 

A  few  days  after  the  foregoing  portion  of  this  communication  had 
been  sent  in  to  the  Chemical  Society,  there  appeared  in  the  Berichte 
der  deut,  botanischen  Oesellschaft^  8,  40,  a  paper  by  G.  Haberlandt, 
entitled  **Die  Kleberschicht  des  Gras-Endospermes  als  Diastase 
ausscheidendes  Driisengewebe,"  in  which  the  author  attempts  to  show 
that  the  alenroue-lay  er  does  not  belong  entirely  to  the  reserve-system 
of  the  seed,  but  that  during  germination  the  cells  composing  this 
layer  function  as  a  glandular  tissue,  and  secrete  diastase  into  the 
adjacent  stai*ch-containing  portion  of  the  endosperm.  The  experi- 
ments described  were  performed  upon  rye,  but  the  author  considers 
that  the  aleurone-layer  in  all  the  Grasses  functions  in  a  similar 
manner. 

After  noting  the  microscopical  appearance  of  the  aleurone-oells 
and  their  contents  in  the  resting  stage  of  the  seed,  and  drawing 
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attention  to  Tangl's  proof  of  the  continuity  of  the  protoplasm 
through  the  cell-walls,  Haberlandt  describes  certain  changes  which 
oocnr  in  the  cells  daring  germination,  and  which  appear  to  indicate 
that  the  protoplasm  is  still  living,  and  is  capable  of  availing  itself  of 
the  plastic  stmctnral  materials  stored  np  within  it. 

A  determination  of  the  progress  of  the  dissolution  of  the  endosperm 
starch  daring  germination  was  made  bj  catting  out  and  examining 
small  pieces  of  the  starch-containing  tissue,  almost  exactly  in  the 
manner  we  have  described  in  the  case  of  our  own  experiments.  It 
is  stated  that  corrosion  of  the  starch-granules  first  occurs  between 
the  scutellum  and  the  aleurone-layer  on  the  ventral  side,  and  that 
this  action  rapidly  extends  to  the  starch-granules  adjacent  to  the 
dorsal  side  of  the  scutellum,  and  from  these  facts  it  is  concluded  that 
the  embryo  actually  secretes  diastase.  As  germination  proceeds  and 
the  action  upon  the  starch  gradually  extends,  this  is  found  to  take  ZS 

place  much  earlier  in  the  cells  of  the  endosperm  lying  immediately 
under  the  alenrone-layer  than  in  those  of  the  central  portions  of  the 
endosperm,  and  it  was  observed  that  dissolution  of  the  starch  on  the 
ventral  side,  in  the  neighbourhood  of  the  ^  furrow,"  took  place  last 
of  all.  This  mode  in  which  the  diastatic  action  progresses  suggested 
to  Haberlandt  that  not  only  the  scutellum,  but  also  the  aleurone- 
layer,  might  have  the  power  of  secreting  diastase. 

Certain  direct  experiments  were  then  made  with  a  view  to  test  the 
truth  of  this  supposition.  When  germination  has  proceeded  suffi- 
ciently far,  the  connecting  tissue  between  the  starch-bearing  portion 
of  the  endosperm  and  its  aleurone-layer  is  broken  down,  and  the 
latter  then  remains  in  close  connection  with  the  testa  and  pericarp. 

Pieces  of  the  integument,  including  the  alenrone-layer,  were  cut 
out  from  rye,  which  had  been  germinated  to  the  above  point,  and 
after  washing  these  with  a  brush  wetted  with  a  sugar  solution  of 
1  to  2  per  cent.,  in  order  to  free  them  as  much  as  possible  from  the 
adherent  corroded  starch-granules,  they  were  placed  upon  moist 
filter-paper  with  the  aleurone-layer  upwards.  Upon  the  alenrone- 
layer  there  was  placed,  with  the  aid  of  a  brush,  a  small  quantity  of 
moistened  rye-meal,  or  of  starch  mixed  with  water,  and  the  whole 
was  kept  moist  and  submitted  to  a  temperature  of  18^20^  G. 

Within  24  hours,  corrosion  of  the  starch-granules  was  found  to 
have  taken  place,  and  as  no  such  corrosion  could  be  observed  in 
starch  placed  alongside  on  the  filter-paper  for  purposes  of  control, 
it  is  concluded  by  Haberlandt  that  the  action  upon  the  starch  can 
only  hare  been  brought  about  by  a  diastatic  ferment  secreted  by  the 
aleorone-layer. 

Having  settled  this  point  to  his  satisfaction,  the  author  then  asks 
himself  tiie  question  whether  the  alenrone-cells  generate  the  enzyme, 
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or  whether  they  merely  act,  according  to  Tangl's  views,  as  carriers  of 
diastase  from  the  embryo.  In  order  to  throw  some  light  upon  this 
point,  the  continnity  of  the  alenrone-layer  was  broken  in  some  corns 
before  germination  by  cutting  round  the  edge  of  the  scntellum,  and 
60  "  ringing "  the  alenrone-layer,  exactly  in  the  same  manner  as  we 
haye  done  in  certain  similar  experiments,  described  in  the  text  of  onr 
paper.  Haberlandt  found,  just  as  we  did  in  similar  cases,  that 
notwithstanding  this  break  in  the  continuity  of  the  aleurone-layer, 
and  its  complete  severance  from  the  embryo,  the  spread  of  the 
diastatic  action  in  the  mutilated  corns,  when  these  were  subsequently 
germinated,  took  place  in  the  usual  manner,  and  the  integuments 
with  their  adherent  aleurone-layer  had  all  the  power  of  corroding 
starch  when  this  was  placed  in  contact  with  the  aleurone-cells,  as 
described  above. 

From  these  facts  Haberlandt  draws  the  conclusion  that  diastase  is 
secreted  by  the  aleurone-cells,  and  that  it  is  formed  during  germina- 
tion within  these  cells,  which  function  in  a  manner  similar  to  the 
digestive  glands  of  insectivorous  plants. 

The  resting  aleurone-layer  contains  no  appreciable  amount  of 
diastase,  for  when  corns  of  rye,  deprived  of  their  embryos,  were 
placed  under  conditions  favourable  for  germination,  no  evidence  could 
be  obtained  of  any  diastatic  action  upon  the  starch  immediately  under 
the  aleurone-layer,  although  the  aleurone-cells  had  undergone  all  , 
the  histological  changes  which  are  observed  in  the  same  cells  in 
uninjured  and  germinating  corns,  when  they  are  apparently  actively 
secreting.  Haberlandt  remarks  upon  this  as  being  somewhat  extra- 
ordinary, but  states  that  he  has  observed  much  the  same  thing  with 
regard  to  the  secretion  of  diastase  by  the  scntellum;  that  if  the 
embryo  is  so  far  removed  as  to  leave  only  the  scntellum  attached  to  the 
endosperm,  no  subsequent  action  upon  the  starch  takes  place,  but  that 
if  only  one  lateral  root  was  left  attached  to  the  scntellum,  a  certain 
amount  of  action  takes  place  on  the  starch.  From  this  it  follows, 
according  to  Haberlandt,  that  the  commencement  of  the  formation  of 
the  diastatic  enzyme  and  its  secretion  are  closely  connected,  both  on 
the  part  of  the  aleurone-layer  and  of  the  scntellum,  with  the  presence 
of  a  germ  capable  of  development,  and  that  it  is  metabolism  of  the 
growing  germ  which  gives  the  start  to  the  production  of  diastase  in 
these  organs.  When  this  action  has  once  commenced,  isolated  parts 
of  the  aleurone-layer  can  continue  the  secretion  of  the  enzyme  for  a 
considerable  time. 

These  are  the  principal  facts  recorded  by  Haberlandt  in  support  of 
his  views,  and  we  must  now  submit  them  to  a  critical  examination  in 
the  light  of  our  own  experiments. 

At  a  comparatively  early  stage  of  our  inquiry  into  the  rate  of 
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)>rogression  of  the  dissolution  of  the  endosperm-starch  dnring 
germination,  we  noticed^  just  as  Haberlandt  has  done,  that  progress 
of  the  action  takes  plac»  more  readily  in  certain  definite  directions 
than  in  others,  the  rate  ofi  this  progress  being  more  rapid  in  the 
peripheral  portions  of  thte  dorsal  side  of  the  grain,  immediately  under 
the  alenrone-layer< .  To ihis-fact  we  have  drawn  special  attention  in 
onr  paper,  and '  have  -attempted  to  depict  it  in  diagrammatic  form  in 
Plate  2  (p.  468).. 

We  were  at  first  inclined  to  believe,  as  Haberlandt  does,  that  this 
pecnliaritj  in  the  progress  of  the  action  npon  the  starch  was  due  to 
some  special  influence  of  the  alenrone-cells,  and  we  made  many 
unsuccessful  endeavours  to  obtain  evidence  of  direct  diastatic  action 
of  these  cells  upon  the  underlying  starch  of  the  endosperm.  We 
foand  that  the  action  upon  the  starch  invariably  progressed  in  an 
unbroken  zone  from  the  scutellum  in  a  distal  direction,  and  that  no 
evidence  could  be  obtained  of  any  action  taking  place  upon  isolated 
portions  of  the  periphery  of  the  endosperm,  which  one  would  expect 
to  occur  if  the  starch  were  acted  upon  by  a  secretion  of  diastase 
from  the  alenrone-cells. 

This  constant  and  well-marked  progression  of  the  starch-dissolving 
action  received  its  true  explanation  when  we  came  to  recognise  the 
important,  fact  that^  dissolution  of*  the  cell- walls  of  the  starch* 
containing -endosperm,  tis&ae  i&  a  Accessary  prelimiaary  to  dissolution 
of  the  contained  starch.  The  question  .really  resolves  itself  into 
determining  why  the  celUwalla  of<  the  endosperm  .^igive  way  to  the 
solvent  action  o£  the  cellulose-dissolving,  enzyme  more  readily  in 
certain  definite  directions^  for  it  is  quite  certain  that  the  diastatio 
enzyme,  with  its  low  rate  of  dif^osibihty,.  will  follow  in  the  path 
marked  out  for  it  by  the;cyto>>hydrolyst. 

We  have  not  in  this  case  to  fall  back  upon  any  supposed  action  of 
the  aleurone-cells  upon  the, cell- waUs  of  the  underlying  tissue,  for,  as 
we  have  already  noted  in  the  body  of  the  paper,.  wheUi  thick  or  thin 
transverse  sections  of  barley,  even  after  previous  treatment  with 
alcohol,  are  immersed  in  a  solution  of.  the  cyto»hydrolyJbic  enzyme,  or 
in  malt-extract  made  from  air*dried  malt,  the  cell-walls  of  the  starch- 
containing  cells  situated  peripherally  on  the  dorsal  half  j^  thejsections 
show  a  very  much  smaller  resistance  to.ihe  action  of  the  enzyme  than 
do  the  cell- walls  of  the  central  portions,,  oci  of  the  peripheral  portions 
of  the  ventral  side,  especially  in  the  neighbourhood,  of  the  furrow. 
The  varying  resistance  of  the  cell- walls  and  .the  progress  of  their 
dissolution  can  be  watched  under  the  mixjroseope  if  thin  transverse 
ftectious  of  barley  are  immersed  in  **  hanging  .drops"  of  the  cyto* 
hydrolytic  ferment,  and  it  can  be  distinctly  shown  that  those  parts  of 
the  endosperm  in  which  action  upon  the  starch  progresses  most 
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rapidly  dnring  ordinary  germiDation  are  those  which  afford  least 
resistance  to  the  cellnlose-dissolying  enzyme.  That  the  starch  is 
more  quickly  acted  upon  daring  germination  immediately  nnder  the 
alenrone-layer  of  certain  portions  of  the  grain,  is  due,  not  necessarily 
to  any  direct  action  of  the  alenrone-cells,  but  to  the  fact  that  the 
cell- walls  in  this  panrt  of  the  endosperm  are  younger,  and  break 
down  more  readily  in  consequence. 

We  must  now  turn  to  the  direct  experiments  upon  which  Haber- 
landt  relies  for  proof  that  the  aleurone-cells  possess  a  secretory 
power.  It  will  be  Temembered  that  his  principal  experiment  oonsists 
in  separating  the  aleurone-layer,  still  adherent  to  the  testa  and 
pericarp,  from  a  grain  of  lye  which  has  been  so  far  germinated  as  to 
have  its  starchy  endosperm  completely  disintegrated.  After  washing 
the  inner  aleurone-layer  with  a  brush  dipped  in  a  weak  solution  of 
sugar,  it  was  found  to  possess  the  power  of  corroding  starch  within 
a  comparatively  sliort  time. 

We  have  repeated  this  experiment  many  times  with  germinating 
barley,  taking  the  precaution  to  wash  i^e  sections  copiously  with 
water,  instead  of  with  a  solution  of  sugar,  which  might  exercise  am 
inhibitory  effect  on  the  secretion.  The  fragments  so  treated  were 
placed,  aleurone-Iayer  downwards,  on  a  very  Ifhiu  layer  ^f  barley-starch 
spread  upon  moistened  filter-paper,  and  we  invariably  found  a  very 
considerable  amount  of  action  on  the  stardh  within  24  iNmrs. 

So  far  the  observed  facte  are  entirely  in  accordance  with  those 
noted  by  Haberlandt,  but  it  by  no  means  follows  that  the  action  on 
the  starch  is  due  to  the  secretory  power  of  any  poition  of  the 
fragment.  We  must  bear  in  mind  that  the  aleurone-layer  and  the 
integuments  have  been  in  most  close  and  intimate  contect  with  a 
portion  of  the  endosperm  which,  at  the  stage  ^el  {growth  at  which 
the  dissection  was  made,  was  highly  charged  with  accumulated 
diastase,  and  it  would  be  strange  indeed  if  tbe  tissues  of  the  aleurone- 
layer  and  of  the  integuments  did  net  retain,  especially  in  their  inter- 
cellular spaces,  some  of  the  eneyme,  which  it  would  be  very  difficult 
to  remove  even  by  long-^eontinued  washing,  and  quite  impossible  to 
remove  by  a  mere  brushing  with  a  moistened  camel's  hair  pencil. 

In  our  endeavours  to  asceiiain  if  this  experiment  of  Haberlandt 
really  affords  any  positive  evidence  «f  secretion  of  diastase  by  the 
aleurone-cells,  we  have  availed  ourselves  of  the  methods  which  we 
employed  whilst  investigating  the  secretory  powers  of  the  scuteUar 
•pitheliuui.  It  will  be  remembered  that  fresh  tangential  sections  of 
the  Bcutellum,  including  any  portion  of  the  epithelium,  were  found 
to  secrete  diastase,  and  to  readily  act  upon  starch-granules  placed  in 
contact  with  them,  but  that  the  sections  lost  all  such  power  if  the 
epithelial  cells  were  previously  killed  by  being  submitted  for  a  short 
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time  to  the  yapoar  of  chloroform.  When  portions  of  the  integuments 
of  germinating  barley  with  their  adherent  alenrone-lajer  are  treated 
in  a  similar  way  with  chloroform  vaponr,  we  have  fonnd  that  their 
diastatic  power  is  not  in  the  least  impaired,  the  starch  under  such 
sections  being  as  quickly  and  completely  attacked  as  that  under 
sections  which  have  received  no  such  treatment. 

Moreover,  we  have  observed  exactly  the  same  thing  even  after  the 
fragments  have  been  immersed  for  some  time  in  absolute  alcohol.  This 
treatment  must  have-  infallibly  destroyed  any  vitality  which  the 
aleu rone-layer  possessed,  yet,  on  careful  comparison,  we  find  the 
sections  as  diastatically  active  as-  before  immersion  in  the  alcohol. 
The  experiment  of  CLaberlandt  becomes  then  valueless  as  a  direct 
proof  of  the  secretory  powei:  of  the  aleui'one-layer.  The  aleurone- 
cells  may,  it  is  true,,  possess  some  such  secretory  functions,  but  this 
is  not  in  any  way  proved  by  the*  experiment,  as  the  diastatic  action 
takes  place  whether  the  aleurone-cells  are  liying  or  dead,  and  the 
phenomena  can  bo  eqjaally  well  explained  by  the  adherence  of 
diastase  to  the  sections,  the  enzyme  having  been  derived  from  the 
main  portion  of  the  endosperm  with  which  they  were  originally  in 
qontact. 

If  the  aleurone-oells  possess  any  such  power  of  secretion  as  has 
been  ascribed  to  them,  it  certainly  ought  to  be  possible  to  obtain 
some  evidence  of  this  by  separating  the*  aleurone-layer  of  the  resting 
seed  and  placing  it  under  conditions  favourable  to  the  revival  of  the 
dormant  activity  of  its  constituent  cells. 

During  the  earlier  part  of  last  year,  we  made  many  experiments 
with  this  object  in.  view,  and  since  reading  Haberlandt's  paper  have 
repeated  them  many  times,  but  al ways ^ with  negative  nesults. 

From  barley,  previously  soaked  in. water,  or  in  some  cases  from 
the  dry  corn  without  any  preliminary  treatment,  the  palee  are 
removed,  and  thin,  sections  of  the  grain  are  made  tangential  to  the 
surface  of  the  pericarp.  If  the  sections  are  prepared  in.  such  a 
manner  as  to  include  in  their,  thickest  or  central  parts  a  trace  of  the 
starch-containing  cells,  it  is  easy,  owing  to  the  triple  arrangement  of 
the  aleurone- layer,  to  ensure  the  presence  in  the  sections  of  a  large 
number  of  the  uninjured  aleurone-cells.  When  these  cells  are 
brought  into  intimate  contact,  with  moistened  barley-starch  spread 
upon  filter-paper,  most  careful  observations  ha^e  always  failed  to 
detect  any  action  on  the  starch  which  can  in  any  way  be  directly 
attributed  to  the  secretory  powers  of  any  cells  composing  the 
sections.  If  we  place  alongside,  for  purposes  of  comparison,  thin 
tangential  sections  of  the  scutellum,  with  their  epithelium  in  contact 
with  the  starch,  the  contrast  is  very  remarkable  when  these  are 
watched  from  day  to  day.    In  less  than  24  houi's,  the  starch-granules 
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under  the  scutellum  sections  are  yisiblj  acted  upon,  and  this  action 
increases  rapidly  in  intensity  until,  -within  three  days,  every  starch- 
granule  within  a  short  distance  of  the  section  is  either  dissolved  or 
enormously  eroded.  On  the  other  hand,  not  the  slightest  change  can 
be  detected  in  the  starch-granules  underlying  the  tangential  sections 
of  the  aleurone-layers  for  at  least  five  or  six  days.  At  the  end  of 
that  time,  it  is  generally  possible,  by  searching  examination,  to 
detect  here  and  there  a  granule  showing  incipient  signs  of  corrosion, 
but  these  are  extremely  few  in  number,  and  since  an  equal  number  of 
slightly-eroded  granules  can  be  detected  under  sections  of  the  palecB, 
placed  alongside  for  purposes  of  comparison,  it  is  clear  that  the 
slight  action  observed  at  the  fifth  or  sixth  dey  is  due  to  the  influence 
of  the  micro-organisms  which  now  abound  in  ^he  neighbourhood  of 
all  the  sections. 

The  results  obtained  by  putting  similar  sections  of  the  scutellum 
and  of  the  aleurone-layers  upon  stiff  starch-paste  -B.re,  perhaps,  even 
more  striking.  The  tangential  sections  cut  from  ^*he  centre  of  the 
scutellum,  and  placed,  epithelium  downwards  upon  the  starch-paste, 
within  12  to  15  hours  of  the  commencement  of  the  experiment 
liquefy  the  starch-paste  by  means  of  the  secreted  diastase,  and 
gradually  sink  into  the  liquid,  whilst  the  sections  including  the 
(deurone-layers  at  the  end  of  three  days  fail  to  produce  any  Itquefac" 
Hon  of  the  starch-paste. 

Haberlandt  has  himself  drawn  attention  to  the  fact  that,  after 
removing  the  embryo  from  the  rye  and  placing  the  germless  endo- 
sperm under  conditions  favourable  for  germination,  no  sign  of 
action  can  be  observed  in  the  starch  immediately  underlying  the 
aleurone-layer,  and  yet  the  histological  changes  which  take  place  in 
the  aleurone-cells  under  these  conditions  do  not  differ  from  those 
observed  in  germinating  grain  at  a  time  when  he  considers  them  to 
be  actively  secreting.  This  fact  in  itself  is  sufficient  to  throw  con- 
siderable doubt  upon  the  accuracy  of  the  secretory  hypothesis  as 
regards  these  cells.  If  we  are  to  accept  Haberlandt's  explanation  of 
this  fact,  we  must  assume  that  the  presence  of  a  germ  capable  of 
development  has  some  mysterious  power  of  influencing  the  aleurone- 
cells  across  the  intermediate  dead  tissue  of  the  starch-containing 
portion  of  the  endosperm,  and  of  so  far  controlling  their  metabolic 
processes  as  to  cause  active  secretion  of  a  special  enzyme.  That  this 
influence,  if  it  exists,  must  be  exerted  across  this  neutral  tract  is 
clear,  for  the  results  of  the  experiments  on  '^  ringing  "  the  aleurone* 
layer,  as  carried  out  both  by  Haberlandt  and  ourselves,  negative  the 
idea  that  this  supposed  influence  can  be  transmitted  from  the  germ 
through  the  portion  of  the  aleu rone- layer  lying  in  intimate  contact 
with  it  at  the  proximal  end  of  the  seed.     The  difficulty  in  rightly 

Digitized  by  VjOOQiC 


OF  SOME  OF  THE  QRAHINE^.  527 

understanding  tbis  supposed  influence  of  the  growing  embryo  appears 
also  to  have  stmck  Haberlandt,  who,  however,  instances,  as  another 
case  of  this  kind,  a  supposed  similar  influence  of  the  growing  embryo 
upon  the  secretory  functions  of  the  scutellum.  It  is  certainly  not 
correct,  however,  to  say  that  the  secretory  function  of  the  scutellum 
is  necessarily  dependent  upon  the  growth  and  metabolism  of  any  of 
the  main  axial  organs,  for  our  experiments  abundantly  prove  that 
a  portion  of  the  scutellum  itself,  no  matter  how  small  it  may  be, 
providing  it  still  has  its  epithelium  attached,  will,  under  favourable 
conditions,  secrete  diastase  and  act  upon  starch. 

But  we  have  not  yet  exhausted  all  the  experimental  evidence 
which  we  have  obt-ained  whilst  attempting  to  verify  the  alleged 
secretion  of  diastase  by  the  aleurone-cells. 

If  Haberlandt  is  correct  in  his  idea  that  the  aleurone-cells  require 
some  stimulus  from  the  grrowing  embryo  to  initiate  their  secretion, 
and  that  the  action,  having  been  once  established,  may  continue  for 
some  time  in  isolated  portions  of  the  alearone-layer,  it  follows  that  if 
we  remove  the  embryos  from  corns  which  are  already  in  an  advanced 
state  of  germination,  there  ought  to  be  a  sensible  accumulation  of 
enzyme  in  the  endosperm  for  some  time  after  the  separation  of  the 
germ.  The  methods  which  we  have  described  for  the  determination 
of  diastase  in  germinating  grain  fortunately  allow  us  to  put  this  to 
the  test  of  experiment.  After  germinating  some  barley  for  five  days, 
the  embryos  were  excised  from  100  corns,  and  the  endosperms  were 
treated  as  follows  : — 

In  Experiment  A,  the  diastase  was  determined  at  once  in  50  of  the 
endosperms. 

In  Experiment  B,  the  remaining  50  endosperms  were  maintained 
at  ordinary  temperatures  in  a  moist  atmosphere  for  two  days  longer, 
and  the  diastase  determined  in  them  at  the  end  of  that  time. 

Experiment  A.     Diastase  equivalent  to  19*235  grams  GuO. 
B.  „  „  13-910 

In  the  endosperms  of  50  corns  which  had  been  allowed  to  ger- 
minate in  the  unmutilated  state  for  seven  days,  diastase  was  found 
equivalent  to  21*890  grams  CuO. 

Instead  of  there  being  any  increase  in  the  amount  of  diastase  in 
the  endosperm  of  germinating  barley  after  the  removal  of  the 
embryo,  as  we  should  reasonably  expect  if  Haberlandt 's  ideas  are 
correct,  we  find  a  marked  decrease  in  the  amount  of  enzyme.  It  is 
natural  to  expect  that  there  would  be  a  diminution  in  the  amount  of 
diastase  due  to  its  continued  action  upon  the  starch,  and  it  is  very 
evident  that  either  there  is  no  secretion  of  diastase  at  all  by  the 
ftleurone-oells,  or  that  the  amount  of  secretion  is  not  sufficient  to 
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take  the  plaoe  of  the  ensjme  which  has  been  exhausted  in  hjdro- 
lysing  the  starch.  On  the  other  hand,  in  the  corns  to  which  the 
embryos  were  still  attached,  there  was  a  marked  increase  and  accu- 
mulation of  enzyme  within  the  same  time.  This  experiment  cer- 
tainly does  not  countenance  the  view  that  the  aleurone-cells  are 
capable  of  secreting  diastase  to  an  extent  at  all  comparable  with  the 
secretion  effected  by  the  scutellum. 

As  far  as  the  evidence  goes  at  present,  we  are  certainly  not 
justified  even  in  suspecting  that  the  cells  of  the  aleurone-layer  are 
glandular  in  the  same  sense  as  are  the  epithelial  cells  of  the  scutel- 
lum, and  until  evidence  of  a  far  more  convincing  nature  is  forth- 
coming, we  must  adhere  to  the  opinion  that  the  diastase  accumulated 
in  the  germinating  seeds  of  the  Grasses  owes  its  origin  exclusively  to 
the  secretory  glandular  cells  forming  this  scute  liar  epithelium,  and 
that  the  aleurone-cells  belong  solely  to  the  reserve-system  of  the 
seed. 

Burton-an-Trent. 


XXXI. — The  Terminology  of  Hydrolysis^  especially  as  affected  by 
"  Ferments:* 

By  Henet  E.  Abmstrong. 

All  who  consider  the  meaning  of  words  and  who  desire,  as  far  as 
possible,  to  remove  ambiguity  from  the  terms  employed  in  denoting 
chemical  change  must  have  felt  some  dissatisfaction  with  the  nomen- 
clature used,  chiefly  by  physiologists,  in  describing  and  discussing 
the  remarkable  phenomena  presented  by  the  living  cell  and  which 
attend  digestion.  As  the  authors  of  the  previous  paper  '*  (hi  the 
Germination  of  the  Graminem  **  have  done  me  the  honour  to  accept 
several  of  my  suggestions,  I  venture  to  regard  the  opportunity  as  one 
which  should  not  be  lost  of  discussing  the  tei'minology  of  fermenta- 
tion phenomena. 

Changes  such  as  a  glucose  undergoes  when  it  is  resolved  into  carbon 
dioxide  and  ethyl  alcohol  take  place  under  the  influence  of  the  living 
organism,  and  there  is  every  reason  to  believe  only  within  the  cell : 
tbey  involve  the  formation  of  products  containing  in  the  gross  neither 
more  nor  less  than  the  original  elements  of  the  compound  fermented ; 
and  when  tlie  products  are  compai^ed  with  the  compound  from  which 
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they  are  deriyed,  it  is  seen  that  their  production  in  all  cases  involves 
the  separation  of  carbon  atoms  which  were  directly  united,  and  also 
considerable  rearrangement  of  the  constituent  elements. 

Changes  such  as  that  which  cane-sugar  nndergoes  on  inversion 
take  place  not  only  within  the  cell  but  equally  well  without  it  under 
the  influence  of  a  substance  which,  although  not  living,  is  of  vital 
origin :  they  appear  always  to  involve  the  fixation  of  the  elements  of 
water ;  and  the  products  of  their  action  bear  a  very  simple  relation 
to  the  original  substance,  viz.,  always  that  of  an  alcohol  to  its  ether, 
no  separation  of  directly-united  carbon-atoms,  or  any  molecular  re- 
arrangement such  as  attends  the  former  class  of  actions,  taking 
place.  The  agents  derived  from  organisms  which  effect  changes  of 
this  second  kind  are  spoken  of  as  unorganUed  ferments ;  changes  of 
the  first  kind  are  said  to  be  conditioned  by  organised  ferments,  i.e., 
organisms. 

There  is  thus,  at  the  outset,  a  difficulty  in  assigning  a  consistent 
meaning  to  either  term — ^fermentation  or  ferment :  diverse  pheno- 
mena produced  by  diverse  agents  being  included  under  a  single  desig- 
nation. 

Fennentation. — The  difficulty  is  in  part  met  by  restrictiug  the  term 
fermentation  to  changes  such  as  occur,  for  example,  during  alooholic 
fermentation;  and  there  would  seem  to  be  no  occasion  to  apply  it 
more  widely  so  as  to  include  changes  of  the  second  kind,  these,  as 
before  remarked,  being  apparently  all  cases  of  simple  hydrolysis. 
This  is  true,  even  if  the  explanation  of  fermentation  suggested  by 
Baeyer  in  1870  (c/.  Ber.,  1870,  63 ;  this  Journal,  1871,  331)  be 
accepted,  which  represents  fermentation  proper  as  the  outcome  of 
hydrolysis — an  explanation  which  the  increase  of  knowledge  in  the 
interval  entirely  favours  :  inasmuch  as  hydrolysis  takes  place  in  the 
two  cases  with  different  results  and  affects  compounds  of  different 
types.  Moreover,  it  is  to  be  noted  that  not  only  is  it  impossible  to 
represent  the  phenomena  of  fermentation  proper  as  the  outcome  of 
simple  hydrolysis,  but  that  also,  in  certain  cases,  synthetic  as  well  as 
analytic  changes  occur:  in  the  case  of  butyric  fermentation,  for 
example.  In  fact,  in  many  instances,  apparently  two  series  of  con- 
current changes  take  place :  the  one  series  involving  what,  in  the 
light  of  Baeyer's  explanation,  may  be  termed  recurrent  as  distin- 
guished from  simple  hydrolysis ;  the  other  involving  the  interaction 
of  the  molecules  of  one  or  more  products  of  this  recurrent  hydrolysis. 
There  is  thus  an  advantage  in  employing  a  somewhat  empirical 
expression  in  connoting  phenomena  which  do  not  all  conform  to 
one  absolute  type,  but  which  have  a  common  origin,  as  they  are  the 
outcome  of  protoplasmic  activity,  especially  as  most  fermentations  are 
attended  with  evolution  of  gas. 
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But  it  is  to  be  remembered  that  whereas  carbohydrates  and  allied 
compounds  sach  as  glycerol,  lacfcic  acid,  <fec.,  are  said  to  undergo 
fermentation^  the  decomposition  of  albuminoids  under  the  influence  of 
organisms  is  commonly  termed  'putrefaction;  this  distinction,  how- 
ever, is  made  on  account  of  the  character  of  the  products,  not  because 
there  is  any  reason  to  suppose  that  the  changes  which  occur  are 
essentially  different  in  character  from  those  which  the  carbohydrates 
undergo.  The  want  of  a  term  indicative  of  the  fact  that  the  action 
is  one  which  takes  place  under  vital  influence  without  reference  to 
the  character  of  the  change — equally  applicable  to  simplifications 
such  as  occur  during  alcoholic  fermentation  and  to  complications  such 
as  occar  during  butyric  fermentation — ^is  also  felt  in  the  case  of 
changes  such  as  alcohol  undergoes  under  the  inflaonce  of  Mycoderma 
aceti  and  vini,  or  which  ammonia  undergoes  on  nitrification,  and  in 
the  converse  change  of  denitrification.  Dr.  W.  Roberts  has  proposed 
to  speak  of  changes  induced  by  enzymes  (v.  infra)  as  cases  of  enzy- 
mosis ;  the  corresponding  term  zymosis  might  well  be  employed  as  the 
synonym  of  fermentation,  and  would  probably  be  found  to  be  of  more 
general  application :  thus  alcohol  may  be  said  to  undergo  oxidation  by 
zymosis  or  zymic  oxidation  under  the  influence  of  Mycoderma  a>ceti ; 
and  in  discussing  putrefactive  changes,  it  would  be  possible  to  speak 
of  zymic  changes  as  distinct  from  those  arising  from  the  unassisted 
interaction  of  the  zymic  products.  Zymosis  is  preferable  to  eymolysisj 
as  the  effect  is  not  always  one  of  simplification. 

Ferments, — The  expression  ferment  is  more  frequently  than  not 
employed  as  the  equivalent  of  unorganised  ferment ;  consequently  it  is 
applied  to  the  very  agents  which  are  incapable  of  producing  fermen- 
tation proper.  This  has  been  so  generally  felt  to  be  the  case  that 
several  words  have  been  coined  in  place  of  unorganised  ferment, 
notably  zymase  and  enzyms  (cf  Dr.  W.  Roberts,  Boy.  Soc,  Froc.^ 
1881,  31,  145)  :  the  objection  may  be  made  to  the  former  that  it  is 
indicative  of  vitality;  the  latter,  however,  is  expressive,  and 
serves  only  to  indicate  the  vital  origin  of  the  agent,  thus  differentiat- 
ing it  from  agents  such  as  the  mineral  acids  which  act  very 
similarly. 

Enzymio  action  or  enzymosis* — ^to  use  the  phrase  suggested  by 
Dr.  Roberts — appears,  as  already  remarked,  always  to  involve  decom- 
position by  means  of  water.  On  this  account,  in  1880,  in  the  second 
edition  of  my  ^'  Introduction  to  the  Study  of  Organic  Chemistry " 
(Longmans.  Footnote,  p.  190)  I  put  forward  the  following  sugges- 
tions :— - 


•  Sheridan  Lea's  zymolysis  (of.  Journal  of  Phy$iology^  1890,  U,  254)  is  open  to 
the  objection  above  made  to  sjmase. 
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**^  Decompositions  like  those  of  starch  into  dextrose,  of  cane-sngar 
into  dextrose  and  IsBvnlose,  of  the  fats  into  glycerine  and  an  acid,  or 
of  ordinary  ether  into  ethylic  alcohol,  which  involve  the  fixation  of 
the  elements  of  water,  may  all  he  said  to  be  the  result  of  hydrolysis ; 
and  those  substances  which,  like  sulphuric  acid,  diastase,  emukin, 
Ac,  induce  hydrolysis  may  be  termed  hydrolytic  agents  or  hydrolysis. 
The  substance  hydrolysed  is  the  hydrolyte.  The  mere  fixation  of  the 
elements  of  water  unaccompanied  by  decomposition,  as  in  the  conver* 
sion  of  ethylenic  oxide  into  glycol,  CaHiO  -|-  OH,  =  CiH4(0H),,  may 
be  termed  hydration  in  contradistinction.*' 

It  is  usually  necessary  to  employ  a  specific  enzyme  (hydrolyst),  or 
one  of  a  very  limited  number,  to  effect  the  hydrolysis  of  any  particular 
hydrolyte,  and  hence  phy8iok)gist8  are  in  the  habit  of  speaking  of 
amylolfftic  ferments,  proteolytic  ferments,  <&c.,  meaning  ferments 
capable  of  splitting  up  starch,  proteids,  4kc.  But  the  terms  amylo- 
lytic,  proteolytic,  <&o.,  are  confusing  to  the'«tudent  who  has  learnt  that 
electrolysis  signifies  splitting  up  by  means  of  electricity,  and  hydro- 
lysis splitting  up  by  means  of  water — not  the  splitting  up  of  electricity 
or  0/ water.  As  electrolysis  and.^ven  hydrolysis  are  well-established 
terms  which  it  would  scarcely  be  politic  to  alter,  it  appears  highly 
desirable  to  abandon  the  use  of  terms  such  as  amylolytic,  proteolytic, 
&C.J  and  I  would  suggest  that  an  enzyme  capable  of  inducing  the 
hydrolysis  of  starch  should  be  termed  an  amylo-hydrolyst ;  one  which 
affects  albuminoids,  a  proteid^hydrolyst;  one  which  affects  fats,  a 
glyceride-hy&rolyst. 

One  case  remains  in  which  the  use  of  the  term  ferment  cannot  be 
avoided  by  the  adoption  of  this  proposition — that  of  the  so-called 
rennet  ferment.  It  may  well  be  that  this  is  also  a  hydrolyst,  and 
that  in  all  cases  the  formation  of  a  curd,  clot  or  coagnlum  initially 
involves  hydrolysis— -or,  perhaps,  hydration  merely — and  the  con- 
sequent interaction  of  molecules  of  the  product  or  products ;  but  of 
this  we  know  nothing  at  present,  and  the  observed  phenomena  are  of 
so  different  a  character  that  it  is  desirable  to  connote  such  changes 
by  a  distinct  expression.  I  would  suggest  that  we  should  term  the 
rennets  thromhogenic  enzymes  or  thromhogens. 
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XXXII. — Action  of  Phosphoric  Anhydride  on  Fatty  Acids,     Part  I. 
By  P.  Stanley  Kipping,  Ph.D.,  D.Sc. 

At  a  moderately  high  temperature,  some  fatty  acids  are  decomposed 
by  phosphoric  anhydride  with  evolution  of  carbonic  anhydride  and 
formation  of  a  ketone.  This  reaction  may  be  represented  by  the 
equation — 

2RC00H  =  RjCO.  +  CO,  +  HjO. 

Normal  beptylic  and  stearic  acids  a^^  the  only  compounds  which  have 
yet  been  systematically  investigated  in  this  direction,  and  in  both 
cases  a  considerable  quantity  of  the  ketone  is  formed.. 

The  only  methods  of  any  general  application  at  present  employed 
for  the  preparation  of  fatty  ketones  of  the  formula  R,CO  are,  an  ia 
well  known,  (1)  by  the-  distillation  of  the  calcium  or  barium  salts  of 
the  fatty  acids,  and  (2)  by  the  action  of  acid  chlorides  on  the  zino 
compounds  of  the  alcohol  radicles. 

The  first  of  these  methods  cannot  be  considered  satisfactory  as 
regards  either  the  quantity  or  the  purity  of  the  ketone  obtained.  By 
the  distillation  of  calcium  acetate,  for  example,  Fittig  found  that  not 
only  acetone,  but  also  the  homologoua  ketones  of  the  composition 
GiHgO  and  CftHioO  were  formed,  whilst  calcium  butyrate  gives,  in 
addition  to  butyrone,  the  homologues  G5H40O,  CeHnO,  CgUuO,  and 
CiiHnO  (Limpricht,  Awnalen,  108,  183 ;  and  Friedel,  ihid.,  122) ;  in 
both  cases,  therefore,  the  purification  of  the  principal  product  would 
be  a  tedious  and  difficult  process. 

The  other  general  method  for  the  preparation  of  ketones  is  also  an 
unsatisfactory  one ;  it  is  troublesome  to  carry  oot  and  the  materials 
employed  are  both  expensive  and  difficolt  to  prepare. 

The  experiments  described  below  seem  to  show  that  ketones,  or  at 
any  rate  the  higher  members^  of  the  series,  can  be  easily  prepared  by 
treating  the  fatty  acids  with  phosphoric  anhydride  under  suitable 
conditions.  In  the  case  of  hep ty lie  acid,  two  experiments,  carried 
out  under  different  conditions,  gave  33  and  25  per  cent,  respectively 
of  the  theoretical  quantity  of  pure  dihexyl  ketone,-  (CeHi,)aCO,  whilst 
with  stearic  acid  the  yield,  of  pure  stearone,  (CirHM)jCO,  is  at  least 
40 — 42  per  cent,  of  the  theoretical ;,  further  experiments  have  yet  to 
be  made,  in  order  to  ascertain  the  conditions  which  give  the  best 
yield  of  the  desired  product. 

In  both  reactions  considerable  quantities  of  other  prodncts  are 
foi*med,  but  these  are  of  such  a  nature  that  no  difficulty  whatever  is 
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experienced  in  isolating  the  ketones  and  obtaining  tHem  in  a  pnre 
condition. 

Experiments  have  already  been  commenced  on  the  action  of 
phosphoric  anhydride  on  other  acids,  both  of  the  fatty  and  aromatic 
series;  their  behaviour  irith  sine  chloride  and  other  dehydrating 
agents  is  also  being  investigated. 

Treparaiion  of  Dihexyl  Ketone,  (CeHia),CO. 

Several  experiments  have  been  made  with  normal  heptylic  acid  at 
temperatures  varying  from  140^  to  220^,  and  with  different  quantities 
of  phosphoric  anhydride,  in  order  to  ascertain  the  most  suitable 
conditions  for  the  preparation  of  dihexyl  ketone;  the  best  results 
were  obtained  in  the  following  manner: — 10  grams  of  anhydrous 
heptylic  acid  are  heated  at  ISC'  in  a  small  flask  placed  in  a  metal-  or 
oil-bath,  and  6*5  grams  of  phosphoric  anhydride  is  quickly  added  in 
three  portions,  the  mixture  being  stirred  well  during  the  process ;  at 
first  a  considerable  quantity  of  carbonic  anhydride  is  evolved,  and 
the  temperature  rises  IC"  or  15°,  but  the  reaction  is  quickly  at  an 
end,  the  whole  operation  requiring  only  about  three  minutes.  The 
flask  is  fchen  taken  out  of  the  bath,  aHowed  to  cool,  and  the  dark- 
brown  mass  gradaally  Stirred  up  with  water ;  the  fact  that  there  is 
little  or  no  development  of  "heat  shows  that  the  whole  of  the  phos- 
phoric anhydride  has  been  changed,  even  when,  as  in  this  experiment, 
a  quantity  considerably  in  excess  of  the  theoretical  is  employed. 

The  solution  is  now  rendered  strongly  alkaline  with  potash  or  soda, 
and  the  contents  of  the  flask  transferred  to  a  larger  flask  and  distilled 
with  steam;  the  ketone  ooUecfts  in  the  receiver  in  the  form  of  a 
yellowish  oil  which,  on  cooling,  solidifies  to  almost  colourless,  waxy 
plates.  The  crystalline  substance  is  separated  by  filtration,  allowed 
to  dry  in  the  air  for  a  short  time,  and  ilien  spread  on  a  porous  plate 
to  free  it  from  traces  of  oily  impurities. 

It  is  thus  obtained  in  an  almost  pure  condition  in  colourless  cryst-als 
melting  at  28--30°. 

1'4  grams  of  dihexyl  ketone  are  obtained  in  this  way  from  10  grams 
of  heptylic  acid,  but  a  considerable  quantity  of  unchanged  acid 
remains  as  sodium  or  potassium  salt  in  the  alkaline  residues  from 
which  the  ketone  has  been  distilled.  In  order  to  isolate  this  acid, 
the  alkaline  solution  is  strongly  acidified  with  dilute  sulphuric  acid 
and  again  distilled  with  steam;  the  aqueous  distillate  is  extracted 
twice  with  ether,  the  ethereal  solution  dried  over  calcium  chloride, 
and  the  ether  evaporated.  The  heptylic  acid  (4  grams)  which  is 
thus  obtained  is  almost  pure,  as  shown  by  its  behaviour  on  distillation, 
and  oaa  be  directly  employed  for  another  operation. 
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Since,  then,  6  grams  of  heptylio  acid  give  1*4  grams  of  dihexyl 
ketone,  the  yield  is  33  per  cent,  of  the  theoretical. 

In  another  experiment,  the  operation  was  carried  ont-as  described 
above,  except  that  the  heptjlic  acid  (6  grams)  was  heated  almost  to 
boiling,  •  then  3'5  grams  of  phosphoric  anhydride  added  in  small 
portions  at  a  time,  and  the  mixture  heated  again  for-alvont  three 
minutes ;  the  whole  process  required  about  six  minutes.  The  ketone 
obtained,  isolated  as  described  above,  weighed  0*95  gram,  and  1  gram 
of  unchanged  acid  was  obtained  from  the  alkaline  residues.  The 
yield  in  this  experiment  was,  therefore,  25  per  cent:  of  the  theoretical. 

The  crude  ketone  can  be  easily  obtained  in  a  perfectly  pure  con- 
dition by  dissolving  it  in  methyl  alcohol  and  reprecipitating  with  cold 
water;  it  separates  from  th&  solution  ii^  transpadrent,  waxy  plates 
melting  at  30*5°. 

An  analysis  of  a  portion « which  (had  been  dried  on«  porous  plate 
and  then  kept  0¥er  sulphuric  acidr  for  24  hours  gave  the  following 
result : — 

01608  gram  of  substance,  gave  0*4637.  gram  of  COa  and  0*1886  gram 
ofHaO. 

Caloulated  for 

CijHmO.  Pdund. 

C 78-78 -per cent; .  7865  per  cent. 

H 13-13        „  1303 

0 8-09        „.  8-32 

Dihexyl  ketone  (oBnanthone)  has-  been  previously  prepared  bj 
Uslar  and  Seekamp  {Annalen,  108,  179)  by  the  distillation  of  calcium 
OBnanthylate.  In  their  papery  the  authors  state  that  various  oily 
products  are  also  formed  in  the  reaction,  and  that  the  dihexyl  ketone 
can  be  obtained  in  a  pure  condition  (melting  at  30*)  only  by  repeated 
fractional  distillation ;  the  yield  of  ketone  is  not  given,  and  its  pre- 
paration in  this  way  is  evidently  a  tedious  operation,  Dihexyl  ketone 
(melting  at  30*5°)  was  also  obtained  in  small  quantities  by  Fittig 
(Annalen^  117,  80)  in  a  somewhat  similar  manner,  together  with 
large  quantities  of  other  products ;  the  yield  is  not  given,  and  the 
properties  of  the  ketone  are  not  described. 

The  dihexyl  ketone  obtained  by  the  action  of  phosphoric  anhydride 
on  hcptylic  acid,  after  being  once  crystallised  from  dilute  alcohol, 
melted  at  30*5*',  in  agreement  with  Uslar  and  Seekamp's  and  Fittig's 
observations.  It  is  very  readily  soluble  in  alcohol,  ether,  chloroform, 
light  petroleum,  and  all  organic  solvents,  but  seemingly  insoluble  in 
water.  If  the  aqueous  distillate,  referred  to  above,  from  which  the 
ketone  has  been  separated  by  filtration,  is  extracted  with  ether,  and 
the  dried  ethereal  solution  evaporated,  there  remains  only  a  trace  of  a 
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yellowish  oil  which  does  not  solidify  on  cooling.  Dihexyl  ketone  is  not 
yery  readily  volatile  with  steam,  but  it  distils  without  decomposition 
under  the  ordinary  pressure.  It  seems  to  be  only  slowly  oxidised  by 
nitric  acid  or  by  an  alkaline  solution  of  potassium  permanganate. 
That  the  compound  obtained  from  heptylic  acid,  as  described  above, 
is  in  reality  dihexyl  ketone  is  proved,  not  only  by  its  melting  point 
and  the  results  of  analysis,  but  also  by  the  formation  of  the  oxime 
and  the  hydrazone,  and  by  its  behaviour  on  reduction. 

Considerable  quantities  of  bye-products  are  formed  in  the  prepara- 
tion of  dihexyl  ketone,  and,  after  distilling  the  ketone  (or  acid)  with 
steam,  there  remains  in  the  flask  a  thick,  almost  black  oil  which  can 
be  easily  isolated  by  extracting  with  ether.  This  substance  has  as 
yet  only  been  superficially  examined  ;  it  distils  at  a  high  temperature 
under  greatly  reduced  pressure,  yielding  a  thick,  yellow  liquid  which 
has  an  odour  recalling  that  of  heptylic  acid. 

Oxime  of  Dihexyl  Ketone,  (CaHi3)aC:N-0H. 

Dihexyl  ketone  oxime  can  be  easily  prepared  by  treating  the  ketone 
with  hydroxy  lamine  by  Auwers*  method.  1  gram  of  the  pure  ketone  is 
dissolved  in  methyl  alcohol,  a  dilute  alcoholic  solution  of  hydroxyl- 
amine  hydrochloride  (0*6  gram)  and  potash  (2  grams)  added,  and 
the  mixtare  heated  to  about  60^.  After  keeping  for  about  24  hours  at 
the  ordinary  temperature,  the  alcohol  is  evaporated  on  the  water-bath, 
the  residue  mixed  with  water  and  the  solution  acidified  with  dilute 
hydrochloric  acid.  The  precipitated  oil  is  then  extracted  with  ether, 
the  ethereal  solution  dried  over  calcium  chloride  and  evaporated. 
The  yellow  oil  obtained  in  this  way  was  kept  over  sulphuric  acid 
under  reduced  pressure  for  some  days,  and  then  analysed. 

The  following  is  the  result : — 

0*2005  gram  of  substance  gave  12*3  c.c.  of  nitrogen,  measured  at 
740  mm.  and  Iff". 

Calculated  for 
CiaHjyNO.  Fomid. 

N 6*6  per  cent.  6*95  per  cent. 

Dihexyl  ketone  oxime  is  a  yellowish  oil  which  shows  no  signs  of 
crystallising  even  when  cooled  below  0°  ;  it  is  very  sparingly  soluble 
both  in  acids  and  alkalis,  and  seemingly  insoluble  in  water,  but 
miscible  with  alcohol,  ether,  <Sbc.,  in  all  proportions. 

Eydraaone  of  Biheayl  Ketone  (C6H«),C:N-NHPh. 

This  compound  was  obtained  by  heating  the  pure  ketone  at  100° 
for  about  two  hours  with  excess  of  phenylhydrazine  and  a  little 


Digitized  by  VjOOQiC 


586  KIPPING:   ACTION  OF  PHOSPHORIC  ANHYDRIDE 

alcohol.  The  solution  was  then  treated  with  water,  the  separated 
oil  extracted  with  ether,  and  the  ethereal  solution  washed  well,  first 
with  dilute  hydrochloric  acid  and  then  with  water.  On  evaporatingf 
the  dried  ethereal  solution,  the  hydrazone  remains  as  a  thick, 
reddish-yellow  oil;  it  was  kept  for  48  hours  over  sulphuric  acid 
under  reduced  pressure,  and  then  analysed  with  the  following 
result : — 

0*2287  gram  of  substance  gave  20  c.c.  of  nitrogen,  measured  at 
740  mm.  and  12°. 

Calcalated  for 
Ci^HnN,.  Found. 

N 100  per  cent.  101  per  cent. 

Dihexyl  ketone  hydrazone  is  a  moderately  thick,  reddish -yellow 
oil :  it  is  insoluble  in  water  and  potash,  but  readily  soluble  in  alcohol, 
ether,  and  other  organic  solvents.  It  dissolves  sparingly  in  con- 
centrated hydrochloric  acid  yielding  a  pink  solution,  but  on  keeping 
for  a  short  time  or  heating  gently,  the  hydrazone  decomposes  with 
evolution  of  gas.  When  heated  in  small  quantities  under  the  ordi- 
nary pressure,  it   decomposes   with   slight  explosion,   but  without 


Dihexyl  Garhinol,  (C.Hu)»CH-OH. 

Dihexyl  carbinol  can  be  easily  prepared  by  reducing  the  ketone  in 
the  following  manner : — The  pure  compound  is  dissolved  in  a  con- 
siderable quantity  of  pure  ether  and  the  ethereal  solution  placed  in  a 
large  flask  or  bottle  provided  with  a  reflux  condenser  and  containing 
100 — 200  c.c.  of  moderately  concentrated  caustic  soda ;  sodium  is 
then  added,  in  small  portions  at  a  time,  the  total  quantity  employed 
being  greatly  in  excess  of  that  theoretically  required  for  complete 
reduction.  During  the  process,  the  ethereal  solution  gradually  be- 
comes turbid,  owing  to  the  separation  of  a  colourless  solid  com- 
pound— probably  the  sodium -derivative  of  the  alcohol — but  on 
agitating  with  the  aqueous  solution,  this  substance  disappears  and 
the  solution  becomes  clear  again.  The  ethereal  solution  is  then 
separated,  the  residual  alkali  extracted  twice  with  ether,  the  combined 
ethereal  solutions  dried  over  potassium  carbonate,  and  the  ether 
evaporated. 

Dihexyl  carbinol  is  thus  obtained  in  the  form  of  a  thick,  yellowish 
oil  which  soon  solidifies  completely  to  a  mass  of  crystals.  It  is  best 
obtained  in  a  pure  condition  by  dissolving  it  in  cold  methyl  alcohol 
and  reprecipitating  with  water ;  if  the  addition  of  water  causes  the 
separation  of  an  oil,  it  is  advisable  to  cool  the  alcoholic  solution  in 
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a  freezing  mixture  before  diluting,  otherwise  crystallisation  takes 
place  onlj  after  long  standing.  The  colourless  crystals  are  then 
separated  by  filtration  and  dried  first  on  a  porous  plate  and  then 
over  sulphuric  acid. 

An  analysis  of  the  crystalline  alcohol  gave  the  following  result: — 

01517  gram  of  substance  gave  04324  gram  of  GOi  and  0*1924 
gram  of  HjO. 

Calculated  for 

CijHjbO.  Found. 

C 780  per  cent.  7774  per  cent. 

H 140        „  1409 

0 80        „  817 

Dihezyl  carbinol  separates  from  dilute  alcohol  in  colourless,  trans- 
parent plates  melting  at  41 — 42°  ;  it  has  a  peculiar  sweet  odour,  and 
is  very  readily  soluble  in  light  petroleum,  benzene,  chloroform, 
alcohol,  and  other  organic  solvents,  but  insoluble  in  water.  Wden 
he^ed  in  small  quantities  under  the  ordinary  pressure,  it  distils 
without  decomposition,  and  the  distillate  quickly  solidifies  on  cooling. 
When  treated  with  cold  concentrated  hydrobromic  acid,  the  crystals 
melt  to  a  yellowish  oil,  but  do  not  dissolve  in  the  acid ;  on  diluting 
with  water,  this  oil  solidifies  to  colourless  plates  which  melt  at 
38 — 39°.  This  compound  is  doubtless  the  bromide,  (C6Hi3)3CHBr, 
as  it  contains  considerable  quantities  of  bromine. 

Preparation  of  Stearone  (CnH8«)2CO. 

The  stearic  acid  employed  in  these  experiments  was  obtained  by 
repeatedly  recrystallising  the  crude  commercial  acid  from  strong 
alcohol;  that  the  acid  was  pure  is  shown  by  its  melting  point 
(68 — 69°)  and  by  the  following  analysis  : — 

01490 gram  of  substance  gave  04150  gram  of  CO,  and  0*1692 
gram  of  H2O. 

Calculated  for 
CiflHjeO,.  Found. 

C 7605  per  cent.      75*96  per  cent. 

H 12-67    „         12-61 

0 11-28    „         11-43 

It  IS  perhaps  a  fact  worthy  of  remark  that  stearic  acid  which  has 
been  crystallised  from  alcohol  retains  some  of  the  solvent  even  after 
long  exposure  to  the  air  on  a  porous  plate,  and  its  melting  point  is 
thereby  lowered  considerably. 

For  the  preparation  of  stearone,  the  following  method  was  em- 
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ployed : — 9*5  grams  of  pare  stearic  acid  are  placed  in  a  small  beakei 
and  heated  at  210*'  in  a  metal-  or  oil-bath ;  5  grams  of  phosphoric 
anhydride  are  then  added  in  small  portions  at  a  time,  the  mixture 
being  stirred  well  daring  the  process.  At  first,  considerable  effer- 
vescence takes  place,  owing  to  the  liberation  of  carbonic  anhydride, 
as  can  be  easily  proved  in  the  usual  manner ;  towards  the  end  o\ 
the  operation,  no  further  evolution  of  gas  occurs.  The  dark-brown 
mass  is  allowed  to  cool,  and  then  gradually  stirred  up  with  water 
A  considerable  quantity  of  phosphoric  anhydride  remains  unchanged, 
as  is  shown  by  the  development  of  heat  on  adding  water,  and  it  is 
probable  that  a  better  yield  of  ketone  would  be  obtained  by  using 
less  anhydride  than  the  quantity  given  above ;  if,  on  the  other  hand, 
too  small  a  quantity  of  phosphoric  anhydride  were  employed,  some 
of  the  stearic  acid  would  remain  unchanged  and  the  purification  ol 
the  ketone  would  be  less  simple.  After  adding  excess  of  soda  oi 
potash,  the  mixture  is  warmed  gently,  with  frequent  stirring,  foi 
about  15  minutes,  then  allowed  to  cool,  diluted  with  water,  and  the 
alkaline  solution  of  phosphate  sepai*ated  by  filtration,  or  more 
quickly,  by  decantation ;  it  has  been  found  advisable  not  to  boil  the 
alkaline  liquid,  as,  if  this  be  done,  a  sort  of  emulsion  is  formed  and 
the  insoluble  products  cannot  easily  be  separated. 

The  insoluble  wax-like  mass  is  washed  with  water,  transferred  to  a 
flask,  and  repeatedly  extracted  with  strong  alcohol.  This  process  ig 
greatly  facilitated  if  some  filter-paper  is  placed  in  the  flask ;  the  in- 
boluble  oily  products  are  then  absorbed  by  the  paper,  and  the  alco- 
holic extract  remains  quite  clear,  so  that  it  is  unnecessary  to  filter  the 
solution.  On  cooling,  the  alcoholic  extracts  deposit  the  stearone 
completely  in  the  form  of  a  yellowish  powder ;  it  is  separated  by 
filtration  and  dried  on  a  porous  plate. 

The  yield  of  erode  stearone  was  3'5  grams  from  9*5  grams  of 
stearic  acid,  or  41  per  cent,  of  the  theoretical  quantity.  Only  two 
experiments  "with  stearic  acid  have  as  yet  been  made,  so  that  it  is 
probable  that  the  process  can  be  considerably  improved. 

The  crude  product  is  almost  pure,  and  melts  at  about  84 — 85° ;  by 
crystallising  it  twice  or  three  times  from  alcohol,  it  is  obtained  in  a 
perfectly  pure  condition,  and  then  melts  at  88°. 

Analyses  of  two  different  samples  of  the  pare  compound,  dried  at 
100*,  gave  the  following  results : — 

I.  01323  gram  of  substance  gave  04026  gram  of  CO,  and  01643 
gram  of  H2O. 
II.  01420gramof  substance  gave  04316  gram  of  CO,  and  01771 
gium  of  H2O. 
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Fornid. 


C„H;oO.  I.                II. 

C 8300  p.  c.  82-99  82-88  p.  c. 

H 13-83    „  13-83  1385     „ 

0 317    „  3-18  3-27    „ 

Stearone  has  been  previously  prepared  by  Heintz  (Jahresh.,  1855, 
515 — 616)  by  the  distillation  of  st-earic  acid  alone  or  with  Jime ;  also 
by  Krafft  (Ber.,  15,  1715),  by  the  distillation  of  calcium  stearate 
under  reduced  pressure.  I  have  not  been  able  to  refer  to  Heintz's 
paper,  but  Krafft,  who  improved  the  original  process,  states  that  the 
yield  does  not  amount  to  half  the  theoretical. 

By  the  method  described  above,  stearone  can  be  easily  obtained  in 
a  pure  condition  in  the  course  of  a  few  hours  with  comparatively  little 
trouble,  and  the  yield,  as  already  mentioned,  is  at  least  40  per  cent, 
of  the  theoretical.  It  is  necessary,  however,  that  the  pure  acid  should 
be  employed  ;  in  some  experiments  with  a  sample  of  the  commercial 
acid,  melting  at  about  62°,  the  ketone  obtained  melted  at  76 — 76**, 
even  after  being  repeatedly  recrystallised  from  alcohol,  probably 
owing  to  the  presence  of  palmitone  and  other  homologues. 

It  is  stated  in  "  Beilstein  "  (1886,  p.  421)  that  when  stearic  acid  is 
heated  with  phosphoric  anhydride,  it  yields  a  compound  of  the  com- 
position CisHjiiO  which  melts  at  54 — 60°,  and  is  insoluble  in  alkalis. 
I  have  not  been  able  to  detect  the  formation  of  any  substance.of  this 
nature ;  it  is  evidently  not  present  as  impurity  in  the  stearone,  because, 
if  it  were,  the  analyses  would  indicate  the  fact,  the  two  compounds 
C36H70O  and  C18HS4O  differing  considerably  in  composition,  especially 
as  regards  the  percentage  of  hydrogen  which  they  contain.  As  is 
the  case  with  heptylic  acid,  a  considerable  quantity  of  bye- products 
are  formed  in  the  action  of  phosphoric  anhydride  on  stearic  acid ; 
after  extracting  the  product  with  alcohol  until  ketone  ceases  to  be 
deposited  on  cooling,  there  remains  a  brown,  waxy  substance  which 
is  practically  insoluble  in  alcohol,  but  readily  soluble  in  benzene  or 
light  petroleum.  This  product  has  not  yet  been  examined,  but  it 
seems  hardly  probable  that  it  should  be  a  compound  of  the  composi- 
tion GisHatO. 

Stmrone  Oxime,  (Ci7H8,)aC:N-OH. 

For  the  preparation  of  this  compound  0*7  gram  of  the  stearone, 
obtained  as  described  above,  was  dissolved  in  hot  alcohol,  0'3  gram  of 
hydroxylamine  hydrochloride  and  0*5  gram  of  potash,  dissolved  in  a 
little  dilute  alcohol,  added  to  the  solution,  and  the  mixture  boiled  in 
a  flask,  provided  with  a  reflux  condenser,  for  about  two  hours.     The 
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solution,  on  cooling,  deposited  a  colourless  powder  which  was  separated 
by  filtration,  washed  well  with  very  dilute  hydrochloric  acid,  then 
with  water,  and  dried  on  a  porous  plate. 

This  substance  is  stearone  oxime,  as  is  shown  by  the  following 
analysis : — 

02514  gram  of  substance  gave  6'6  c.c.  of  nitrogen,  measured  at 
755  mm.  and  14°. 

Oalculated  for 
CsjHyiNO.  Found. 

N 2*68  per  cent.  3'07  per  cent. 

It  separates  from  hot  alcohol  as  a  colourless,  seemingly  amorphous 
powder  and  melts  at  63^ ;  it  is  moderately  easily  soluble  in  boiling 
benzene  and  hot  alcohol,  but  insoluble  in  alkalis,  acids,  and  water. 

H&riot  Watt  College, 

Edinburgh. 


XXXIIL— CONTRIBUTIONS  FROM  THE  LABORATORY  OF 
GONVILLE  AND   CAIDS   COLLEGE,   CAMBRIDGE. 

No.  XVni.  On  the  Sulphates  of  Antimony. 

By  R.  H.  Adib,  B.A.,  Scholar  of  Trinity  College. 

1.  Thb  compounds  of  antimonious  oxide  and  sulphuric  acid  do  not 
appear  to  have  received  a  very  complete  investigation,  judging  by  the 
published  results.  Hence  I  decided  to  examine  these  compounds,  as 
I  had  previously  done  in  the  case  of  arsenious  oxide  and  sulphuric 
acid  (Trans.,  55, 1889,  157). 

2.  In  1871,  Schultz-Sellach  (Ber.,  4,  109)  described  the  prepara- 
tion of  the  compound  Sb808,4S08  from  antimonious  oxide  and  fuming 
sulphuric  acid ;  his  analysis  gave  Sb20s,  47*44  per  cent.,  and  SOj,  53*08 
per  cent.  In  a  previous  paper  (jBer.,  4, 13),  he  described  the  prepara- 
tion of  the  normal  sulphate  81)2(804)3  by  dissolving  SbsOsin  tolerably 
concentrated  sulphuric  acid.  Basic  sulphates  have  also  been 
described,  to  which  simple  formulas  have  been  assigned,  as 
Sb406(S04),  by  P^ligot. 

3.  As  in  the  case  of  arsenious  oxide,  I  started  with  fuming  acid, 
then  tried  concentrated  acid  and  sulphuric  anhydride,  and,  finally, 
dilute  acids  and  the  action  of  solvents. 
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4.  Sulphuric  Anhydride, — SbaO*  when  dropped  into  liquid  SO3, 
formed  hard  flakes,  insoluble  in  excess  of  SOs,  even  when  heated  in  a 
sealed  tube  at  180°.  The  flakes  agglomerated  on  heating,  and  then 
the  cake  formed  was  freed  from  adhering  SO1  bj  tilting  the  tube  and 
keeping  the  end  containing  the  compound  warm  until  the  SOs 
solidified. 

Specimens  prepared  as  aboye  by  heating  to  different  temperatures 
gave  on  analysis  : — 

I.  11,  III.  IV. 

120°.  120".  160°.  180°. 

SO, 56  87        61-55        7355        74-56 

Calculated  for 


Sb,0„8SO,.  Sb,0„9S0,.  SbjOs,10SOj. 

68-98  71-45  7352 

The  results  show  that  the  formation  of  the  compound  of  SbjO, 
with  the  highest  proportion  of  SO,  requires  a  temperature  of  about 
160°.  The  compound  formed  at  that  temperature  would  seem  to 
have  the  formula  SbsOs,9S03,  but  aa  the  corresponding  arsenic  com- 
pound can  be  freed  completely  from  excess  of  SO*,  and  is  probably 
AssOtjSSOt,  it  would  perhaps  be  best  to  assume  that  the  antimony 
compound  possesses  the  same  formula,  viz.,  SbsOa,8SOs.  Considering 
the  difference  of  density  of  SbsOs  and  of  SOs,  the  adhering  sulphuric 
anhydride  would  probably  not  exceed  2 — 3  per  cent. 

It  is  decomposed  by  water  with  formation  of  a  basic  salt. 

5.  Fuming  Sulphuric  Acid. — The  acid  used,  as  in  the  case  of 
arsenic,  contained  about  88  per  cent,  of  SOs,  and  was  approximately 
2H,S04,SO,. 

The  oxide  formed,  as  in  §  4,  a  hard  cake  which  is  not  readily 
soluble.  Its  solubility,  though  not  so  great  as  tbe  corresponding 
arsenic  sulphate,  increased  largely  with  rise  in  temperature.  The 
product  crystallised  in  fine  needles,  which,  on  recrystallisation,  were 
practically  pure  Sba08,4S08. 

Oalculated  for 
lit  ciyitallisation.      2nd  cryBtallisation.  8bs0^4SOs. 

SO, 50-93  53-70  5263 

The  mother  liquor  only  contained  a  small  quantity  of  the  sulphate. 
Sbi0s,4S0a  decomposes  on  exposure  to  the  air  and  by  the  action  of 
water. 

6.  Concentrated  Sulphuric  Add  containing  98  per  cent.  HsSO*. — 
SbaOs  is  very  soluble  in  boiling  sulphuric  acid.  On  cooling,  a  large 
quantity  of  crystals  separate  out,  which,  on  recrystallisation,  are  pure 
Sb,(S04),. 
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Calculated  for 
1st  OTjstallisation.      2nd  crystallisation.  Sb3(S04),. 

SO3 43-91  46-98  45*45 

Sb,(S04)8  decomposes  quickly  on  exposure  to  the  air.  The 
results  of  its  decomposition  by  water,  Ac,  are  detailed  in  §  8. 

7.  Dilute  Sulphuric  Acids. — (i.)  I  have  found  the  strength  of  acid 
limiting  the  formation  and  existence  of  81)2(804)3  in  solution. 

From  9HaS04,6HaO  the  product  contained  4740  p.  c.  80,. 
„       H2S04,H,0  „  „        50-65 

These  results  show  that  the  normal  or  trisulphate  is  formed  from 
sulphuric  acid  of  concentrations  between  the  limits  HaSOi  and 
H,S04,H20  inclusive. 

(ii.)  From  HjS04,2HaO  a  new  compound  was  obtained,  namely,  the 
banic  sulphate  8b,Os,2S03,HiO  or  Sb(0H)S04.  It  may  be  crystal- 
lised by  slow  cooling,  and  gave  the  following  results : — 


Calculated  for 

I. 

II. 

III. 

IV. 

Sb20a,2SOj,H,0 

Sb  A. . 

— 

— 

— 

62-16 

617 

SOa  .  .  . 

35-75 

35-54 

34-64 

— 

34-3 

HaO. .  . 

— 

— 

— 

3-99 

4-0 

This  sulphate  gives  off  its  water  at  100°,  but  suffers  no  further 
decomposition  until  above  250". 

(iii.)  From  HaS04,4HaO,  the  compound  separates  out  in  small 
quantity  as  a  fine  powder,  which  it  is  difficult  to  free  from  adhering 
acid.  At  last  I  obtained  one  crystalline  preparation  by  allowing  the 
sulphate  to  remain  in  the  mother  liquor  for  about  a  month  at  20°, 
(about)  and  the  crystals  thus  obtained  determined  the  deposition 
from  the  cooling  solution  of  a  crystalline  sulphate,  8b203,2S08,3H20, 
or  Sb(OH)S04,H20. 

Analyses : — 

Calculated  for. 


I.        II.       III.      17. 

Sb,0,^S0„SA4.  Sb,0„2SOa,4Aq 

Sb,0,. . 

—     5415  65-35     — 

57-37              55-39 

so,... 

31-88  30-68     —       — 

31-87              30-69 

H,0... 

—       —    1119  10-24. 

10-76              13-93 

The  crystals  are  scarcely  decomposed  by  cold  water,  slowly  by 
boiling  water,  and  are  not  rapidly  dissolved  by  boiling  dilute  hydro- 
chloric acid.  They  are  decomposed  at  100°,  at  which  temperature 
they  lose  all  their  water.  The  justification  of  the  arrangement  of  my 
for  inula  is  found  in  the  existence  of  the  compound  Sb(0H)S04 
in  (ii). 


\ 
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Antimonious  oxide  is  ao  little  soluble  in  acids  more  dilute  than 
H2S04,4HaO  that  I  next  proceeded  to  the  investigation  of — 

8.  The  Action  of  Solvents  on  Antimony  Sulphate. — P61igot  states 
that  by  the  decomposition  of  Sba03,4SOs  bj  cold  water  the  basic  salt 
Sb405(S04)  is  formed.  I  repeated  this  to  see  whether  he  might  have 
passed  over  any  loosely  combined  water,  osing  the  trisulphate  instead 
of  the  t^etrasnlphate. 

Dry  Sbs(S04)3  was  decomposed  and  washed  till  the  washings  were 
free  from  snlphnric  acid. 

(i.)  By  Water  at  100"*. — The  componnd,  that  is,  the  basic  snlphate 
obtained  by  this  method,  is  approximately  7Sbs09,2S03,3Aq ;  this 
represents  the  limit  of  the  decomposition  of  the  snlphate  by  water. 

Besalts  of  analysis : — 


so,.... 

I. 

703 

n. 

6-50 

III. 

Calculated  for 
7SbjOa,280k8Aq. 

705 

H,0.... 

516 

4-57 

33-59 

4-73 

I  and  II  were  dried  by  standing  on  a  porous  plate  in  air,  I  foi*  five 
weeks,  II  for  three  days  ;  III  was  pressed  between  porous  plates  till 
dry  (see  §  9). 

(ii.)  By  Cold  Water.— The  basic  salt,  dried  at  100%  is  2Sb,08,SO:j, 
as  found  by  Peligot. 

Calculated  for 
I.         II.       III.       rV.        V.        VI.  2JibsO„S08. 

SO3..     11-62  11-47  13-23  1018  1130  11-58  1219 

I  to  IV  were  decomposed  by  water  at  about  18°,  V  and  VI  by 
water  at  about  6°. 

The  water  was  estimated  separately  in  preparations  dried  in  various 
ways.  In  the  following  table  the  second  column  contains  the  results 
for  the  sulphate  decomposed  at  18°,  and  the  third  for  that  at  6°.  In 
each  case  I,  II,  and  II  were  allowed  to  stand  in  air  on  a  porous  plate 
in  a  fine  state  of  division,  I  (at  18°  only)  for  five  weeks,  and  II  and 
III  for  about  three  days ;  IV  was  dried  by  pressure  between  dry 
porous  plates,  and  V  by  pressure  between  filter-papers. 

Percentages  of  water  only : — 


Oaloolated  for. 

Iff". 

10-76 

4-75 

* 

I .... 

2Sb,0„SO„2Aq 

5-20 

II  .... 

7-31 

6-58 

>» 

3Aq 

7-30 

Ill  .... 

10-48 

7-21 

>» 

4Aq 

9-88 

IV  .... 

27-85 

32-37 

» 

5Aq 

12-05 

V  .... 

38'55 

— 

f> 

lOAq 

21-50 

»> 

16Aq 

80-51 
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(iii.)  By  Absolute  Alcohol  (18^). — The   basic   salt,   when  dried   at 
100%  only  lost  22  per  cent.,  and  is  Sb203,2S03. 
Analysis  gaye — 


SO3. 


3511 


Calculated  for 
Sb508,2S08. 

35-71 


9.  From  these  tables  it  is  seen  that  the  removal  of  the  SOs- 
groaps  from  the  salphate  by  means  of  water  is  accompanied  by  the 
substitution  of  a  considerable  amount  of  water  therefor.  When  the 
product  is  dried  rapidly  by  pressure  between  porous  plates,  the 
quantity  of  water  retained,  in  all  cases,  is  about  30  per  cent.,  which 
corresponds  roughly  to  2Sb20s,SOs,16Aq.  This  substance  is  rather 
akin  to  the  cryohydrates  than  to  the  ordinary  hydrates,  since  it  parts 
with  its  attached  water  to  the  air  at  about  15 — 18® ;  even  after  pro- 
longed drying  in  air,  the  product  of  the  action  of  cold  water  retains 
about  10  per  cent,  of  water,  and  is  thus  approximately  2Sb803,SOs,4Aq., 
while  that  of  the  action  of  ice-cold  and  hot  water  respectively  only 
retains  about  5  per  cent,  of  water  in  each  case,  and  is  thus  approxi- 
mately 2Sb20s,S03,2Aq. 

We  seem  to  have  here  some  evidence  for  the  existence  of  com- 
plex hydrates,  such  as  may  be  supposed  to  exist  in  solution. 

10.  I  have  here  arranged  the  complete  series  of  antimony  sulphates 
now  described  in  a  column  parallel  with  the  arsenic  sulphates  pre- 
pared from  the  same  acids. 


SO3.  AsjOsiSSOj. 

2H^04,S08.  Ai,08,4S08 

H^O^.  A8,08,2SO, 

9H,S04,3H,0  to  H^04,H,0.  AbjO^SO, 

H8S04,2H,0.  — 

H^04,4HsO.  — 

Action  on  sulphate  of — 

Aloohol.  — 

Cold  water.  Aafi^. 
Hot  water.  — 


Sbs08.8S03. 
SbjOs,4SO,. 


^^j     Sb,Os,3S08,orSba(S04),. 

Sb,0„2SOfcHjO, 

or  Sb(0H)S04. 
Sl>20„2SO„3HjO, 

or  Sb(OH)S04,HjO. 

8l),05,2SO„  or  SbO(S04),. 
2SbaO„SO,,a?Aq. 
—  7SbjO„2S08,yAq. 

Where  «  »  4  to  16  and  ^  -  2  to  16. 

On  comparing  the  two  series  of  compounds,  it  appears  that : — 
(i.)  With  HaS04  and  weaker  acids,  SbjOs  forms  a  different  order 
of  sulphates  from  As^Os,  while  it  resembles  it  in  forming  acid  sul- 
phates when  subjected  to  the  action  of  stronger  acids.  The  charac- 
teristic group  salt  Sbi(S04)3,  which  is  formed  by  the  former,  is 
replaced  by  the  basic  AsaO(S04)»  in  the  latter  case.  The  limits  of 
existence,  both  as  regards  dilution  and  temperature,  are  much  nar- 
rower for  the  arsenic  than  for  the  antimony  salt.     The  practically 
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complete  formation  of  Sbs(S04)s  in  one  cryBtallisation  also  contrasts 
with  the  formation  of  AstO (804)9  only  by  repeated  crystallisation. 

(ii.)  Arsenions  oxide  does  not  form  any  basic  salphates  containing 
water,  whilst  the  oxide  of  the  more  metallic  antimony  does  form 
hydrated  snlphates  in  acids  weaker  than  H3S04,H30.  This  acid  is  the 
limit  of  existence  of  Sbt(S04)s  in  solution  and  of  any  arsenic  sul- 
phate whatever. 

(iii.)  In  contrast  to  the  case  of  the  arsenic  compounds,  one  cannot 
remove  all  the  SOs  from  the  antimony  sulphates  by  water.  The 
stability  of  the  latter  in  dilute  acids  far  exceeds  that  of  the  former. 

In  coDclusion,  I  have  great  pleasure  in  thanking  Mr.  Pattison  Muir 
for  the  use  of  his  laboratory  during  this  work,  and  for  his  kind  atten* 
tion  and  assistance  during  its  progress. 

I  hope  to  be  able  to  communicate  the  results  of  some  work  on  the 
compounds  of  phosphorus  and  sulphur  trioxide  in  a  short  time. 


XXXIY.—Phosphorous  Oxide.     Part  I. 

By  T.  E.    Thorpe,   F.R.S.,   and   A.   E.   Tuttok,   Demonstrator  of 
Chemistry  in  the  Normal  School  of  Science,  South  Kensington. 

Ix  the  course  of  the  preparation  of  Phosphorus  tetroxide,  Ps04,  as 
described  in  the  communication  we  brought  before  the  Society  in 
November,  1886  (Trans.,  1886,  833),  we  frequently  noticed  the  occur- 
rence of  a  sublimate  of  long,  radiating,  feathery  crystals,  which  were 
evidently  very  volatile,  inasmuch  as  they  could  be  readily  vaporised 
in  a  current  of  nitrogen  or  carbon  dioxide  at  a  temperature  below 
100°,  and  which  were  also  very  fusible,  since  the  mere  warmth  of  the 
hand  caused  them  to  melt.  After  the  completion  of  the  work  on  the 
tetroxide  we  turned  our  attention  to  these  crystals,  and  made  a 
number  of  experiments  in  order  to  determine  their  nature  and  the 
conditions  under  which  they  were  formed.  Our  method  of  making 
phosphorus  tetroxide  consisted  in  burning  phosphorus  in  a  slow  car- 
rent  of  dry  air,  collecting  the  products  of  combustion  in  a  glass  tabe 
surrounded  by  an  outer  tube  filled  with  steam,  transferring  the  pro- 
ducts to  a  tube  closed  at  one  end  and  previously  filled  with  dry  carbon 
dioxide.  This  was  then  exhausted  by  the  Sprengel  pump,  sealed,  and 
heated  to  280 — 300",  when  a  sublimate  of  colourless,  highly  Instrous 
crystals  of  the  tetroxide  formed  in  the  upper  part  of  the  tube,  ^s 
the  result   of  preliminary  experiments  on   the   conditions  of   for- 
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mation  of  the  readily  volatile,  fusible  crystals,  it  was  fonnd  that 
their  yield  was  greatly  augmented  by  increasing  the  rapidity  of  the 
air-curreut.  When  a  few  grams  of  phosphorus  were  burnt  at  one  end 
of  a  long,  horizontally-placed  combustion-tube  in  a  rapid  stream  of 
dried  air,  drawn  through  the  apparatus  by  a  water-pump,  the  greater 
part  of  the  inner  sur&ce  of  the  tube  was  found  to  be  covered  with 
the  feathery  crystals,  which  readily  melted  when  the  oatside  of  the 
tube  was  touched  with  the  finger.  It  was  further  noticed  that  the 
deposition  of  the  crystals  was  increased  by  cooling  the  outside  of  the 
tabe  with  iced  water.  If  the  combustion  was  allowed  to  proceed 
until  all  the  phosphorus  was  burnt,  the  crystals  were  apt  to  take  fire 
and  to  bum  to  white,  amorphous  flocks  consisting,  apparently,  of  the 
pentoxide.  The  white,  volatile,  crystalline  substance  was  readily 
separated  from  the  amorphous  oxides  simultaneously  produced  in  the 
combustion-tube  in  the  following  manner : — As  soon  as  a  fairly  large 
deposit  of  the  crystals  was  formed  upon  the  upper  part  of  the  tube, 
and  when,  at  most,  three-fourths  of  the  phosphorus  employed  was 
burnt,  the  further  end  of  the  tube  was  adapted  to  a  (J -shaped  con- 
denser placed  in  a  freezing  mixture,  a  loose  plug  of  glass  wool  being 
placed  in  the  front  portion  of  the  condensing  tube  to  arrest  any 
finely-divided,  amorphous  oxide  which  might  be  carried  over.  The 
portion  of  the  tube  contaioiug  the  crystals  was  then  heated  to 
about  100**  by  means  of  the  steam-jacket  previously  referred  to, 
in  a  slow  stream  of  dry  carbon  dioxide.  The  volatile  substance 
was  then  transferred  to  the  condensing  tube,  an  almost  perfect 
separation  from  the  amorphous  oxides  being  effected.  The  product 
in  the  tube  readily  melted  with  the  warmth  of  the  hand.  Water 
seemed  to  have  very  little  action  upon  it.  It  could  be  melted  by  the 
heat  of  the  hand  under  the  water,  bat  the  two  liquids  did  not  mix. 
On  long  standing — two  or  three  days  in  the  case  of  half  a  gram  of 
the  substance — it  slowly  dissolved,  and  the  solution  gave  all  the 
reactions  of  phosphorous  acid. 

This  behaviour  is  so  entirely  dissimilar  from  that  usually  attributed 
to  phosphorous  oxide  that  we  determined  to  submit  the  volatile  crys- 
talline  substance  to  a  closer  investigation.  Steps  were  next  taken  to 
ascertain  its  composition.  In  the  first  place,  it  was  proved  to 
contain  neither  hydrogen  nor  nitrogen  by  burning  dry  phos- 
phorus in  a  mixture  of  equal  volumes  of  dry  carbon  dioxide  and 
oxygen.  Clean,  nearly  colourless  phosphorus,  dried  by  means  of 
filter-paper,  was  melted  under  several  successive  portions  of  absolute 
alcohol  and  then  washed  with  benzene  previously  carefully  dehydr- 
ated by  sodium.  The  benzene  was  finally  removed  in  situ  in  the 
combustion-tube  by  the  aid  of  a  current  of  the  mixture  of  carbon 
dioxide  and  oxygen  dried  by  passing,  first,  through  6  feet  of  (J  -tubea 
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containing  pnmice  and  snlpharic  acid,  and  then  through  12  feet  of 
tabing  filled  with  phosphorus  pentoxide.  As  soon  as  the  last  traces 
of  benzene  had  disappeared,  the  combustion  was  started  bj  gentlj 
warming  the  phosphorus,  when  the  usual  yield  of  crystals  was  ob- 
tained. Hence  the  only  possible  elements  present  were  phosphorus 
and  oxygen.  About  0'2  gram  of  the  product,  which  melted  to  a  clear, 
transparent  liquid,  was  then  cautiously  oxidised  by  means  of  nitric 
acid.  The  reaction  is  so  extremely  violent  that  it  is  quite  impracti- 
cable to  conduct  the  operation  in  a  sealed  tube  in  the  usual  manner. 
The  product  was  therefore  placed,  together  with  a  few  c.c.  of  water, 
in  a  small  (J -tube,  one  limb  of  which  was  drawn  out  and  bent  so  as  to 
dip  into  a  small  beaker  containing  strong  nitric  acid,  the  other  limb 
being  furnished  with  a  small  tap-funnel,  also  containing  nitric  acid. 
The  oxidation  proceeded  with  considerable  violence,  but  with  care 
all  loss  was  avoided,  the  escaping  fumes  being  absorbed  by  the 
nitric  acid  in  the  beaker.  The  substance  contained  56*17  per 
cent,  of  phosphorus ;  P»Os  requires  56*36  per  cent,  of  phosphorus. 
The  inference  was,  therefore,  that  the  crystalline,  volatile  substance 
actually  was  phosphorous  oxide,  but  that  the  properties  of  this  body 
are  very  different  from  those  usually  ascribed  to  it  in  the  text-books. 

The  fact  that  when  phosphorus  burns  in  the  air  there  is  formed  a 
white,  solid  substance  condensing  as  a  loose,  light,  flocculent  powder, 
was  noticed  by  Boyle,  but  the  first  special  study  of  this  compound 
was  made  in  1740  by  Marggraf,  who  termed  it  flowers  of  phosphorus. 
The  existence  of  phosphorous  oxide  seems  to  have  been  discovered  by 
Sage,  who,  however,  appears  to  have  confounded  it  with  the  product 
obtained  by  Marggraf.  Lavoisier  ("  Sur  la  Combustion  du  Phosphore 
de  Kunckel " :  Mim.  de  VAcad&niie  des  Sciences,  1777,  65)  surmised  that 
the  product  varied  with  the  conditions  under  which  the  phos- 
phorus was  burnt,  and  he  inferred  the  existence  of  two  oxides  of 
phosphorus  which  he  imagined  stood  in  the  same  relation  to  phos- 
phorus as  the  oxides  of  carbon  did  to  carbon.  The  true  phosphorous 
acid  was  first  prepared  by  Davy,  in  1812,  by  the  action  of  water  upon 
phosphorus  trichloride :  but  the  difference  between  this  body  and 
that  obtained  by  the  limited  oxidation  of  phosphorus  was  first  indi^ 
cated  by  Dulong  in  1816  (Ann.  Chim.  Fhys.,  1816,  2, 141). 

Frepwratum  of  Phosphorous  Oxids, — In  our  earlier  trials  the  yield  of 
phosphorous  oxide  was  very  small ;  but  during  the  course  of  the  in- 
vestigation various  improvements  have  been  effected  in  the  mode  of 
preparation,  with  the  result  that  about  30  grams  of  the  nearly  pure 
substance  may  now  be  obtained  in  an  experiment  of  six  hours'  dura- 
tion, and,  by  systematio  work,  as  much  as  a  couple  of  hundred  grams 
have  been  accumulated  in  a  few  days'  time.  The  arrangement  of  the 
apparatus  we  now  employ  is  seen  in  Fig.  1.    The  dried  phosphorus, 
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of  which  abont  two  sticks  are  used  in  each  preparation,  is  placed  in 
pieces  about  an  inch  long  in  a  combustion-tube  of  about  l^inch  bore, 
bent  into  the  shape  shown  in  the  figure  so  as  to  prevent  the  melted 
phosphorus  from  escaping.  The  combustion-tube  is  open  at  one  end 
to  admit  the  air,  which  need  not  be  dried,  and  at  the  other  is  fitted 
into  a  brass  tube  surrounded  by  a  wider  brass  tube.  The  space 
between  the  metal  tubes  is  filled  with  water  introduced  by  means  of 

Fig.  1. 


the  vertical  supply  tube  (a)  ;  the  second  tube  (b)  screwed  into  the 
outer  brass  jacket  contains  a  thermometer  to  indicate  the  temperature 
of  the  water.  Into  the  further  end  of  the  inner  brass  tube  is  pushed 
a  loose  plug  of  glass  wool  (c)  about  2  inches  long,  and  the  \J  -shaped 
condenser  is  then  fixed  to  the  tube  by  means  of  an  ordinary  cork. 
At  the  bottom  of  the  bend  of  the  \J  -tube  is  fixed  a  short,  vertical 
stem  which  is  connected  by  means  of  a  well-fitting  stopper  with  a 
little  bottle  to  which  the  oxide  can  be  transferred  by  melting  it  away 
from  time  to  time  from  the  sides  of  the  condensing  tube.  The 
\J  -tube  is  connected  with  a  jet-pump,  by  the  aid  of  which  the  air  is 
drawn  over  the  burning  phosphorus,  and  between  the  pump  and  the 
condenser  is  placed  a  bottle  containing  oil  of  vitriol ;  this  prevents 
the  diffusion  of  water- vapour  into  the  apparatus,  and  serves  also  to 
indicate  the  speed  of  the  air-current.  The  \J  -tube  and  bottle  are 
surrounded  by  a  freezing  mixture  of  ice  and  salt ;  the  (J -tube  should 
have  limbs  at  least  a  foot  long,  and  should  not  be  too  wide,  otherwise 
considerable  loss  may  occur  through  imperfect  condensation.  Indeed, 
it  is  of  advantage  to  employ  two  such  condensers,  placed  one  after  the 
other,  as  with  a  high  speed  of  air  a  notable  amount  of  the  oxide  is  thus 
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prevented  from  escaping.  When  everything  is  ready,  the  jet-pnmp  is 
set  in  action,  and  the  temperature  of  the  phosphorus  is  raised  to  the 
ignition  point  by  a  small  flame  held  for  a  moment  near  the  anterior 
end  of  the  combustion-tube.  As  regards  the  speed  of  the  air-current, 
it  has  been  found  that  the  yield  of  the  oxide  increases  with  the 
quantity  of  air  drawn  over  the  burning  phosphorus  in  a  given  time. 
This,  at  first  sight,  seems  opposed  to  the  view  that  the  phosphorous 
oxide  is  only  formed  in  a  slow  current  of  air ;  as  a  matter  of  fact, 
the  most  rapid  combustion  that  is  practically  possible  under  the 
circumstances  is  but  a  slow  and,  relatively,  feeble  burning  when 
compared  with  that  which  occurs  in  the  open  air.  If  the  combus- 
tion is  too  local,  it  may  happen  that  the  main  product  of  the  action 
is  phosphoric  oxide.  In  a  well-conducted  experiment,  large  quanti. 
ties  of  the  red  oxide,  P4O,  are  always  formed  in  the  portion  of  the 
tube  nearest  the  burning  phosphorus.  When  the  phosphorus  has 
been  burning  in  the  rapid  current  of  air  for  about  a  quarter  of  an 
hour,  the  outer  brass  tube  and  the  water  are  heated  until  the  ther- 
mometer indicates  about  50"*.  This  temperature  is  maintained  until 
near  the  end  of  the  experiment,  when  it  may  advantageously  be  raised 
to  60°.  In  about  half  an  hour  after  the  ignition  of  the  phosphorus, 
the  oxide  begins  to  make  its  appearance  in  the  condenser.  If  the 
glass  wool  is  properly  packed  (the  plug  should  not  be  too  tight),  not 
a  trace  of  the  pentoxide  will  pass  over  into  the  condenser ;  and  if 
the  temperature  of  the  water-jacket  is  not  allowed  to  exceed  GO**, 
only  very  small  quantities  of  free  phosphorus  find  their  way  into  the 
\J  -tube.  Most  of  that  which  passes  over  is  found  in  small  globules 
in  the  upper  part  of  the  condenser  and  close  to  the  heated  jacket. 
As  the  readily-fusible  oxide  collects  and  runs  over  into  the  cooled 
U-tube,  it  solidifies  to  a  snow-white,  wax- like  mass.  The  experiment 
should  be  terminated  wheu  about  four-fifths  of  the  phosphorus  has 
been  burnt,  in  order  to  avoid  the  oxidation  of  the  product.  The  con- 
densing \J  -tube  is  detached  and  the  oxide  melted  down  into  the  small 
bottle,  from  which  it  is  transferred  to  the  store-bottle  previously  filled 
with  dry  carbon  dioxide.  This  should  be  fitted  with  a  carefully- 
ground  stopper,  and  it  should  be  kept  in  the  dark  in  an  atmosphere  of 
carbon  dioxide,  dried  by  means  of  phosphoric  oxide. 

Analysis  of  Fhosphorotis  Oxide, — That  the  product  thus  obtained  is 
practically  pure  phosphorous  oxide  is  shown  by  the  following  analyses 
made  with  difierent  preparations : — 

I.  0-2170  gram  gave  02792  gram  PaOj,  or  56-17  per  cent,  phos- 
phorus. 
II.  0*5966  gram  gave  1-2051  grams  Mg2P207,  or  56-41  per  cent, 
phosphorus. 
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HI.  0*8516  gram  gave  1-7330  grama  Mg,P,0„  or  56-84  per  cent, 
phosphoras. 
The  percentage  of  phospboras  corresponding  to  P2OS  =  56*36. 

Analysis  I  was  made  by  tbe  lime  method,  described  by  the  antbors 
in  the  paper  on  phospborns  tetroxide  (Trans.,  1886,  836).  In  the 
others,  the  oxide,  contained  in  a  small  tube,  was  covered  with  water 
and  cautiously  treated  with  bromine.  The  oxide  was  then  slowly 
dissolved,  and  converted  into  phosphoric  acid.  In  order  to  make  sure 
that  thef  acid  was  transformed  into  the  ortho-variety,  the  solution 
was  evaporated  several  times  with  nitric  acid,  and  the  phosphoric 
acid  was  then  precipitated  with  magnesia-mixture,  and  treated  in  the 
usual  way. 

Phosphorous  oxide  melts  at  22*5**  to  a  clear,  colourless,  and  very 
mobile  liquid,  which  resolidifies  at  21°.  It  has  a  marked  tendency  to 
remain  liquid  at  temperatures  sevei^al  degrees  below  its  ordinary  solidi- 
fying point,  especially  when  enclosed  in  narrow  tubes  such  as  are  gene- 
rally employed  in  making  determinations  of  melting  point.  Thus 
in  one  expeiiment  a  quantity  of  the  liquid  was  cooled  down  to 
16-5**  without  solidifying.  Just  below  this  temperature  it  suddenly 
and  completely  solidified.  When  only  a  portion  of  the  substance  is 
liquefied,  it  resolidifies  sharply  at  21°,  on  allowing  the  temperature  to 
fall  to  this  point.  A  quantity  of  the  fluid  substance,  which  remains 
liquid  at  21°,  may  be  immediately  solidified  by  introducing  a  small 
portion  of  the  solid.  In  this  respect  the  oxide  resembles  phosphoms, 
which  exhibits  the  property  of  superfusion  in  a  high  degree. 

Phosphorous  oxide  boils  constantly  and  without  decomposition  at 
173*1°  (corrected),  when  heated  in  an  atmosphere  incapable  of  acting 
upon  it,  such  as  nitrogen  or  carbon  dioxide.  In  the  course  of  the 
work  the  following  determinations  of  boiling  points  have  been  made 
upon  different  preparations: — 


Weight  of 
oxide  di«tilled. 

Weiglit  of 

Corr.  b.  p. 

oxide  diittilled. 

Corr.  b.  p. 

6  grams 

1730° 

50  Krams 

1730° 

6      „ 

ir3-3* 

8      „ 

1730 

32      „ 

173-4* 

7      « 

1730 

20      „ 

1731 

45      „ 

173-3» 

Mean 

..     1731°. 

^»-^ 


In  the  case  of  the  determinations  marked  with  an  asterisk,  the 
whole  of  the  mercury  column  was  heated  by  the  vapour.  In  the 
others  a  correction  was  applied  for  the  emergent  column  by  the 
formula  given  by  one  of  us  in  the  paper  on  Specific  Volumes  (Trans., 
1880,  159).  All  the  values  are  reduced  to  the  standard  pressure  of 
760  mm, 
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Determination  of  Molecular  Weight  of  Pkoiphorous  Oxid^, — The 
density  of  the  oxide  in  the  gaseous  state  was  determined  by  Hofmann's 
method  in  the  Torricellian  vacaum.  At  the  temperature  of  boiling 
amyl  alcohol,  132°,  the  vaporisation  is  complete,  and  two  determina- 
tions were  made  at  this  point ;  two  at  the  temperature  of  boiling  oil 
of  turpentine,  169° ;  and  two  at  that  of  boiling  aniline,  184**.  At  these 
temperatures,  even  in  contact  witb  the  heated  mercury,  the  substance 
is  practically  unaltered,  a  minute  trace  of  a  red  deposit,  dne  pos- 
sibly to  a  slight  admixture  of  free  phosphorus,  or  caused  by  the  action 
of  light  upon  the  substance  (t;.  infra),  being  left  in  the  bottle  in  which 
the  oxide  had  been  passed  up  into  the  tabe.  This  trace  of  solid 
residue  would  cause  a  slight  diminution  in  the  apparent  volume  of 
gas,  and  hence  a  slight  increase  in  the  value  obtained  for  the  vapour- 
density.     The  results  are  as  follows : — 


"Weight  of 
substance 

Temp.  (T). 

Bar. 

Pressure 
on  gas. 

Vol.  of  gas 
at  T°  (c.c). 

Density. 
Air  «  1. 

in  grains. 

mm. 

0-1887 

132  0° 

770-0 

1660 

187-6 

7-67 

0  1887 

131  0 

769  0 

154-0 

137-5 

7-75 

0-1887 

159  0 

769  0 

162-8 

139-6 

7-71 

0  1887 

184  0 

769-0 

170-0 

141-4 

7-69 

0-3213 

158  0 

776  0 

249-1 

153-3 

7-81 

0-3213 

183-6 

777-5 

259  0 

155-6 

7-83 

The  density  corresponding  to  the  formula  P2O8  is  3*81 ;  that  corre- 
sponding to  P40a  is  7*62.  Hence  the  molecule  of  phosphorous  oxide  in 
the  gaseous  state  is  represented  by  the  formula  P4O6.  In  this  respect  it 
is  analogous  to  arsenious  and  antimonious  oxides,  which  have  been 
shown  by  Victor  Meyer  to  have  the  molecular  formulaa  AsiOe  and 
SbiOe  respectively  (Berichte,  12,  1117  and  1284). 

An  attempt  was  next  made  to  determine  if  a  higher  temperature 
would  effect  the  dissociation  of  the  PaOb  molecule;  it  was  found, 
however,  that  at  about  300*"  the  substance  was  completely  decom- 
posed. The  nature  of  the  decomposition  will  be  described  hereafter 
(v.  p.  552). 

JDetermination  of  Molecular  Weight  of  Phosphorous  Oxide  hy  BaouU's 
Method, — As  benzene  was  found  to  dissolve  phospborons  oxide  without 
ehange,  a  determination  of  the  molecular  weight  of  the  substance 
could  be  made  by  Booult's  method,  using  benzene  as  a  solvent. 
0*6760  gram  of  the  oxide  was  dissolved  in  20*698  grams  of  benzene, 
tbus  forming  a  3' 16  per  cent,  solation.  The  reading  of  the  freezing 
point  of  the  pure  benzene  was  3*45° ;  for  the  3' 16  per  cent,  solution 
it  was  2*77^.    A  depression  of  0*68°  was  thus  observed.    As  49  is 
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Baoalt's  constant  for  benzene,  the  molecular  weight  is,  therefore, 

3*16  X  49 

— j-^ — '-  =  227;     The  molecular  weight  corresponding  to  PiO^  is 

220.  Hence  this  result  confirms  that  obtained  by  the  determinations 
of  the  yapour-densitj,  and  shows  that  phosphorous  oxide  is  represented 
by  the  formula  PiOa. 

Action  of  Heat. — Phosphorous  oxide  is  a  comparatively  stable  sab- 
stance  up  to  temperatures  of  about  200°.  When  heated  in  a  sealed 
tube,  the  clear  liquid  becomes  tarbid  at  about  210°,  and  at  a  somewhat 
higher  temperature  the  solid  substance  which  separates  out  gradually 
becomes  yellow,  and  ultimately  dark-red.  At  300°,  a  considerable 
quantity  of  the  red  solid  is  formed,  but  there  is  still  a  large  propor- 
tion of  the  liquid  undecomposed,  even  after  an  hour's  heating  at  this 
temperature.  At  the  temperature  of  boiling  sulphur,  440°,  the 
whole  of  the  oxide  is  decomposed  into  solid  products.  A  sublimate 
of  ordinary  phosphorus  is  found  at  the  top  of  the  tube,  together  with 
a  less  volatile  deposit,  which  lines  the  interior  of  the  tube  just  beyond 
the  portion  immersed  in  the  sulphur  vapour,  and  consists  of  colour- 
less, highly-refracting  crystals,  identical  in  their  crystallogi*apbical 
characters  and  chemical  properties  with  the  phosphorus  tetroxide 
.described  by  us  on  a  former  occasion  (Trans.,  1886,  833).  The  decom- 
position of  phosphorous  oxide  by  heat  may,  therefore,  be  represented 
by  the  equation  2P4O6  =  3P3O4  -h  Pj. 

As  this  decomposition  of  phosphorous  oxide  affords  a  ready  mode 
of  preparing  phosphorus  tetroxide,  we  propose  to  resume  our  study 
of  the  latter  compound,  and  attempt  to  complete  its  physical  and 
chemical  history. 

Action  of  Light  on  Phosphorous  Oxide. — It  is  well  known  that 
samples  of  commercial  phosphoras  pentoxide  occasionally  turn  more 
or  less  yellow  on  exposure  to  strong  light.  Such  samples  have  in- 
variably the  characteristic  garlic  smell  usually  attributed  to  phos- 
phorus, and  hence  the  change  of  colour  has  been  ascribed  to  the 
presence  of  small  quantities  of  that  element  in  the  product.  The 
light,  flocculent  powder,  obtained  by  the  slow  burning  of  phosphorus 
in  a  limited  supply  of  air,  consists  of  phosphoric  pentoxide,  phos- 
phorous oxide,  and  free  phosphorus.  This  product,  which  is  apt  to 
ignite  in  contact  with  the  air,  rapidly  turns  yellow,  and  ultimately 
red,  on  exposure  to  sunshine,  the  change  being  also  attributed  to  the 
action  of  light  upon  the  finely-divided  phosphorus.  In  Regnault- 
Strecker's  Lehrbuch  der  Anorganischen  Chemie,  p.  417,  ed.  1877,  the 
alteration  in  colour  is  assumed  to  be  due  to  the  action  of  light  upon 
the  phosphorous  oxide,  which  is  supposed  to  be  decomposed  in  ac- 
cordance with  the  equation  SPjOj  =  4P  -H  3P2O6. 

The  Rev.  Dr.  Irving,  in  a  paper  read  at  the  meeting  of  the  British 
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Association  in  1883  (Ghem,  News,  48,  173),  drew  attention  to  this 
action,  which  Professor  Liveing  suggested  might  be  due  to  the  heat 
into  which  the  laminons  solar  radiation  was  transformed  by  absorp- 
tion. Cowper  and  Lewes  (Trans.,  1884,  10)  examined  the  deposit 
thus  obtained,  and  came  to  the  conclusion  that  it  was  a  mixture  con- 
taining minute  crystals  of  phosphorus,  in  quantity  varying  from  17  to 
27  per  cent.,  which  were  changed  to  the  red  modification  when 
exposed  to  sunlight,  and  that  the  spontaneous  inflammability  claimed 
for  phosphorous  anhydride  was  probably  due  to  the  same  cause. 

There  is  no  question,  however,  that  phosphorous  oxide  is  rapidly 
acted  upon  by  light.  Even  diffused  daylight  slowly  turns  it  yellow, 
and  in  strong  sunshine  the  change  is  very  rapid.  Portions  of  the 
pure  oxide,  contained  in  sealed  tubes  previously  filled  with  carbon 
dioxide,  became  orange-yellow,  and  ultimately  dark-red,  on  exposure 
for  an  hour  or  two  to  the  comparatively  feeble  sunshine  of  winter. 
In  one  experiment,  a  quantity  of  pure  phosphorous  oxide,  which  had 
been  exposed  for  11  weeks  to  such  sunshine  as  a  London  winter 
affords,  became  of  the  dark-red  colour  of  amorphous  phosphorus. 
The  undecomposed  oxide  was  melted  by  heating  to  25 — 30°,  decanted 
from  the  red  precipitate,  and  re-distilled ;  it  was  perfectly  clear  and 
colourless,  and  solidified  to  a  pure  white  mass  of  crystals.  On  again 
exposing  it  to  sunshine,  it  became  yellow  within  about  10  minutes, 
and  eventually  red  as  before. 

Captain  Abney  has  kindly  made  some  observations  for  us  on  the 
effect  of  sunlight  on  the  oxide,  and  has  furnished  us  with  the  annexed 
diagram  (Fig.  2),  which  serves  to  indicate  the  particular  light 
vibrations  which  are  mainly  concerned  in  determining  the  change. 


Fig.  2. — Action  of  Light  on  Phosphorous  Oxide. 


80    28   26    24    22    20    18     16    14    12    10     8 
Scale  of  prismatic  spectrum. 

A  small,  thin  glass  tube  containing  the  substance  was  placed 
solar  spectrum,  measuring  1^  inches  in  length  from  A  to  H. 
slit  was  fairly  wide,  about  ^^^  inch,  and  the  exposure  lasted 
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hours.  The  scale  of  the  spectrum  being  known,  the  relative  positions 
of  the  different  portions  of  the  oxide  in  the  horizontally  placed  tabe 
with  respect  to  the  spectrum  were  also  known. 

The  amount  of  change  effected  was  measured  by  comparing  the 
intensity  of  the  orange  colour  produced  with  grey  tints,  according 
to  the  method  employed  by  Captain  Abney  in  his  colour  photometry, 
and  the  results  are  plotted  out  as  shown.  The  curve  cannot  be  taken 
as  anything  more  than  a  fair  approximation  to  the  amount  of  the 
change  produced.  It  is  not  a  measure  of  the  actual  sensitiveness  of 
the  compound  to  the  different  parts  of  the  spectrum.  The  sensitive- 
ness is  in  reality  much  higher  at  13  of  the  scale  than  at  16  or  12,  for 
instance,  or,  in  other  words,  the  curve  of  sensitiveness  is  much 
steeper  in  the  neighbourhood  of  the  maximum.  The  general  shape 
of  the  curve  of  sensitiveness  is  represented  by  the  dotted  line  in  the 
figure.  This  was  deduced  from  the  formula  found  applicable  to  the 
case  of  the  darkening  of  other  white  compounds.  It  will  be  seen 
that  the  maximum  change  appears  to  be  effected  by  the  rajs  of  aboat 
000045  wave-length,  or  between  F  and  G. 

We  are  exposing  tubes  containing  known  weights  of  the  oxide  to 
the  prolonged  action  of  sunshine,  with  a  view  to  obtain  quantitative 
evidence  of  the  chemical  nature  of  the  change. 

Crystallography  of  Phosphorous  Oxide. — As  first  prepared,  the  oxide 
is  obtained  in  the  cooled  condenser  in  minute  crystals,  aggregated  into 
a  snow-like  mass.  In  the  relatively  warmer  portion  of  the  condenser 
outside  the  freezing  mixture  the  oxide  is  deposited  in  the  feathery 
forms  before  referred  to.  The  appearance  of  these  radiating  aggfre- 
gates  under  a  low  power  of  the  microscope  is  seen  in  Fig.  3.  On 
allowing  the  melted  oxide  to  cool,  it  solidifies  into  thin  prisms  capped 
by  pyramids ;  these  crystals  sometimes  attain  the  length  of  an  inch 
or  more.  The  character  of  the  crystals  is  well  seen  by  allowing  a 
drop  of  the  liquefied  oxide  to  solidify  under  a  cover-glass  on  a  micro- 
scopic slide,  and  then  partially  melting  the  substance  by  placing  the 
finger  for  a  moment  on  the  cover-glass.  Isolated  and  well-shaped 
prisn^atic  crystals,  showing  many  forms,  are  then  seen  to  rapidly 
develop,  the  whole  drop  ultimately  solidifying.  If  a  small  quantity 
of  the  liquefied  oxide  is  enclosed  in  a  well-stop pei*ed  bottle,  and  tamed 
over  BO  as  to  wet  the  walls,  and  then  allowed  to  drain  to  the  bottom, 
isolated  crystals  are  formed  on  cooling.  The  appearance  of  these 
crystals  under  the  microscope,  using  a  magnifying  power  of  about 
20  diameters,  is  shown  in  the  accompanying  drawing  (Fig.  4). 
The  crystals  appear  to  belong  to  the  monoclinic  system,  and 
exhibit  the  pin acoidal  faces  a  =  {100}ooPoo  and  b  =  {OlOjoo^oo, 
several  prism  faces,  a  pair  of  orthodomes,  and  a  pair  of  complementary 
pyramidal  forms.  The  extinctions  upon  a  are  parallel  to  the  prism 
edges,  whilst  those  upon  b  make  an  angle  of  about  20°  with  the  prism 
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edges.  In  convergent  light  an  optic  axis  witli  its  system  of  rings  ii> 
seen  on  looking  through  the  orthopinacoid  a  towards  the  edge  of  the 
field  in  the  direction  indicated  in  one  of  the  crystals  shown  in  Fig.  4. 
When  the  crossed  Nicols  are  parallel  to  the  axial  edges,  the  brush 
passes  across  the  centre  of  the  field  in  a  line  parallel  to  the  vertical  axis. 
The  optic  axial  plane,  therefore,  appears  to  be  the  symmetry  plane  6. 

Goniometrical  measurements  are  impossible  in  air,  owing  to  the 
rapidity  with  which  the  crystals  oxidise  and  deliquesce.  The  crystals 
also,  from  the  low  melting  point  of  the  oxide,  are  extremely  soft  and 
plastic.  The  isolated  crystals  formed  by  sublimation  are  similar  to 
those  obtained  by  solidification  of  the  liquid,  or  from  solution  in 
benzene  or  carbon  bisulphide. 

No  regular  crystals  of  phosphorous  oxide  have  been  obtained  cor- 
responding to  the  octahedral  forms  of  arsenious  and  antimonious 
oxides.  Until  recently,  the  two  last-named  oxides  have  been  gene- 
rally regarded  as  iso-dimorphous.  In  1869,  Groth  (Pogg.  Ann,y  137, 
414)  pointed  out  the  similarity  between  the  crystalline  form  of  the 
prismatic  variety  of  arsenious  oxide  and  that  of  valentinite  (Sb^Oe), 
and  concluded  that  both  belong  to  the  rhombic  system.  Des  Gloizeaux 
(Oompt.  rend,j  106,  96)  adduces  evidence  in  support  of  the  view  that 
arsenious  oxide  belongs  to  the  monoclinic  system,  and  that  this  sub- 
stance is  not  strictly  isomorphous  with  antimonious  oxide,  but  only 
homoaomorphous,  or,  to  use  Groth's  term,morphotropic,  that  is,  that  the 
two  substances  are  merely  similar  in  the  disposition  of  their  faces.  Des 
Gloizeaux  points  out  that  the  extinction  on  the  symmetry  plane  makes 
an  angle  of  about  6*"  with  the  prism  edges,  whereas,  if  perfectly 
rhombic,  the  extinction  should  be  parallel  to  the  edges.  The 
measurements  which  were  obtained  also  tended  to  show  the  mono- 
cHnic  nature  of  prismatic  arsenious  oxide. 

As  phosphorous  oxide  is  also  in  all  probability  monoclinic,  with  an 
extinction  upon  the  symmetry  plane  of  about  20^,  it  would  appear 
that  there  is  a  regular  relationship  between  phosphorous,  arsenious, 
and  antimonious  oxides,  such  that  there  is  a  gradual  approach  to  the 
higher  symmetiy  of  the  rhombic  system  which  is  ultimately  attained 
by  antimonious  oxide.  The  optic  axial  plane  is  also  identical  with 
the  symmetry  plane  in  phosphorous  and  arsenious  oxides,  and  also  for 
all  the  colours  of  the  spectrum,  with  the  exception  of  red,  for  which 
colour  the  plane  crosses  to  one  at  right  angles,  in  the  case  of  anti- 
monious oxide. 

The  fact  that  phosphorous  oxide  is  probably  monoclinic  has  been 
abeady  surmised  by  Mr.  J.  M.  Cabell  {Cheni.  News,  50,  209).  By 
resubliming,  in  a  current  of  hydrogen  gas,  the  product  obtained  by  the 
slow  combustion  of  phosphorus,  he  obtained  crystals  showing  the 
faces  of  the  base,  prism,  and  pinacoids. 
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Relative  Density,  Thermal  Expansion,  and  Specific   Volume  of  Phos- 
phorous Oxide. 

The  relative  density  of  liquid  phosphorous  oxide  was  fonnd  to  be 

1-9358  at-^. 
4 

An  attempt  was  made  to  determine  the  relative  density  of  solid 
phosphorous  oxide,  and  the  amount  of  contraction  in  passing  from  the 
liquid  to  the  solid  state.  The  apparatus  used  for  this  purpose  con- 
sisted of  a  dilatometer,  the  capillary  stem  of  which  was  bent  into  a 
(J -shape.  The  longer  limb  was  about  20  cm.  in  length  and  open  at 
the  top.  The  shorter  limb  carried  the  cylindrical  bulb,  which  was 
rather  more  than  2  c.c.  in  capacity,  and  was  furnished  with  a  stop- 
cock at  its  upper  end  (Fig.  6).      The  longer  capillary  limb   was 

Fia.  5. 


^praduated  in    mm.,   and  was  calibrated  so  that  the  value  of  the 
graduations  in  c.c.  was  accurately  known.    Mercury  was  introduced 
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through  the  stop-cock  nntil  the  level  in  the  shorter  limb  stood  just 
within  the  bnlb.  The  apparatus  was  then  weighed,  the  bulb  filled 
with  dry  carbon  dioxide,  and  the  freshly  distilled  liquid  phosphoroDs 
oxide  introduced  by  means  of  a  small  siphoning  arraa^ment  (which 
precluded  the  admission  of  air),  until  the  bulb  and  neck  were  filled 
up  to  the  stop-cock,  which  was  then  closed.  On  again  weighing  the 
apparatus,  the  weight  of  oxide  introduced  was  known.  The  arrange- 
ment was  next  placed  in  a  bath  of  water  at  aboat  25°,  together  with 
a  thermometer,  and  the  temperature  of  the  bath  and  liquid  oxide  wa& 
slowly  reduced  by  the  gradual  addition  of  ib^agments  of  ice.  The 
oxide  generally  remained  liquid  at  21*5%  and  when  this  temperature 
was  reached,  the  long  graduated  limb  was  almost  completely  filled 
with  mercuiy  by  means  of  a  fine  capillary  tube.  The  apparatus  was 
then  continually  shaken  by  gentle  tapping,  and  the  moment  the  first 
sign  of  crystallisation  appeared,  the  readings  of  the  mercury  meniscus 
and  the  thermometer  were  noted.  The  mercuiy  in  the  graduated 
limb  rapidly  fell,  and  the  tapping  was  continued  until  no  farthei* 
depression  occurred,  when  the  substance  was  considered  to  have 
wholly  solidified.  The  agitation  is  very  necessary  ;  otherwise,  cavities 
tend  to  form  between  the  crystals.  It  was  noticed  that,  on  re-melting 
the  solid,  a  small  quantity  (about  0*2  c.c.)  of  gas  collected  in  the 
upper  part  of  the  bulb.  This  was  allowed  to  escape,  and  the  experi- 
ment repeated  two  or  three  times,  after  which,  on  re-melting,  no 
further  evolution  of  gas  was  perceived. 

The  weight  of  oxide  enclosed  was  3*5227  grams.  In  one  experi- 
meut  in  which  solidification  occurred  at  21°,  a  fall  of  mercury 
amounting  to  146  mm.  or  0153  c.c.  was  observed.  In  a  second  ex- 
periment at  21°,  when  an  extra  atmosphere  of  pressure  was  brought 
to  bear  upon  the  solidifying  oxide,  a  contraction  of  155  mm.  or 
0*168  c.c.  was  observed.  Calculated  from  the  formula  for  the  thermal 
expansion,  3*5227  grams  of  liquid  phosphorous  oxide  at  21''  occupy 
1*813  c.c.  If  we  regard  the  second  experiment  as  the  more  trust- 
worthy, 1'813  c.c.  contracted  to  1*65  c.c.  on  solidification — a  diminu- 
tion of  exactly  9*0  per  cent.     The  relative  density  of  the  liquid  oxido 

21" 
at  -^  is  1*9431.   The  relative  density  of  the  solid  phosphorous  oxide, 

3*5227 
calculated  from  the  above  numbers,  is    j .gc"  =  2*135.     Owing  to  the 

difficulty  of  ensuring  the  absence  of  cavities  among  the  crystals,  this 
value  is  possibly  slightly  lower  than  the  truth,  but  it  is  probably  as 
good  an  approximation  as  the  method  would  enable  us  to  obtain. 

The  thermal  expansion  of  liquid  phosphorous  oxide  was  determined 
by  means  of  a  dilatometer,  heated  in  a  glycerine  bath,  the  arrange- 
ment of  the  apparatus  and  method  of  observation  being  similar  to 
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that  adopted  by  one  of  us  in  determining  the  thermal  expansions  of 
a  large  number  of  liquids  (compare  Trans.,  1880).  The  results  of 
the  observations  are  seen  in  the  following  table : — 


T.  cow. 

Dilatometer 

Corr.  Tol. 

BelatiTO 

Calculated 

DifP. 

reading  (mm.). 

incc. 

TOl. 

rel.  vol. 

27-10 

18-6 

0-7988 

1-0000 

lOOrO 

36  07 

19-7 

0-8000 

10078 

10078 

0  0000 

47-66 

27-9 

0-8064 

1-0184 

1-0180 

0  Oi'Ol 

68-20 

88-3 

0-8190 

1-0317 

1-03  6 

0-0001 

77-06 

480 

0-8290 

1-0443 

10441 

0  0002 

89-48 

67-6 

0-8886 

1-0668 

1-0557 

0-00U6 

108-99 

67-8 

0*8488 

10693 

1-0693 

00000 

117-68 

78-3 

0-8594 

1  -0826 

1-0827 

0  0001 

130-70 

89-2 

0-8702 

1-0962 

1-0959 

0-0003 

140-30 

67-8 

0-8782 

1-1068 

1  1058 

0  0005 

The  apparent  expansion  of  phosphorous  oxide  by  heat  in  glass  may 
be  represented  by  the  expression 

V  =  1  +  0-0388824^  -  0-0,13873^  +  0-0838446^, 

by  means  of  which  the  values  in  the  column  headed  "  Calculated 
relative  yolumes  "  have  been  obtained.  It  will  be  seen  from  the 
slight  dilEerences  shown  in  the  last  column  that  the  formula  accurately 
reproduces  the  original  observations. 

Gorrecting  for  the  expansion  of  the  glass  (0*0000255)  of  the  dilato- 
meter,  the  formula  becomes 

V  =  1  +  0-0391377^  -  0-06lll75<«  +  0-0838607t*, 

by  means  of  which  the  table  (p.  560) ,  showing  the  relative  volumes 
of  phosphorous  oxide  for  every  5°,  is  calculated. 

The  weight  of  the  oxide  in  the  dilatometer  was  1*5338  grams.  By 
calculating  the  volume  of  the  liquid  at  24-8"^,  the  temperature  at 
which  the  relative  density  was  determined  by  means  of  the  bottle 
(v.  supra),  and  comparing  its  weight  with  that  of  an  equal  bulk  of 
water,  we  can  obtain  another  determination  of  the  relative  density 
at  24*8'*.  This  is  found  to  be  1-9354,  a  number  which  is  very  near 
that  obtained  by  means  of  the  sp.  gr.  bottle  in  which  a  much 
larger  quantity  of  a  different  preparation  of  phosphorous  oxide  was 
employed. 

From  the  above  data  we  obtain  1-6897  as  the  relative  density  of 
phosphorous  oxide  at  its  boiling  point-  (1731°),  whence  the  specific 
220 


volume  = 


1-6897 


=  130-2. 
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Thermal  Easpajisicm  of  Phosphorous  Oxide. 


Tempera- 
ture. 

Belatire 
▼olume. 

Difference 
for  5". 

Tempera- 
ture. 

Belatiye 
volume. 

Difference 
for  6^ 

25** 

30 

35 

40 

45 

50 

56 

60 

65 

70 

75 

80 

85 

90 

95 

1-0000 
1-0046 
10091 
1  0137 
10183 
1  0228 
10274 
10320 
10366 
104L2 
10459 
10506 
10553 
10600 
10647 

46 
45 
46 
46 
45 
46 
46 
46 
46 
47 
47 
47 
47 
47 
48 

100° 

105 

110 

115 

120 

125 

130 

135 

140 

145 

150 

155 

160 

165 

170 

173  1 

10695 
10744 
1  -0792 
10841 
1  0891 
1-0941 
10992 
11043 
1-1095 
1  1147 
1-1200 
1  1254 
11308 
1  -1363 
1  1419 
1 -1454 

49 
48 
49 
60 
60 
61 
61 
62 
62 
63 
64 
64 
65 
56 

A  special  interest  attaches  to  a  knowledge  of  the  specific  rolmne  of 
phosphorons  oxide  on  account  of  the  light  it  is  calcalated  to  throw 
on  the  constitution  of  this  substance,  and  also  on  the  question  of 
the  varying  sp.  vols,  of  phosphorus  dependent  on  valency.  In  the 
paper  on  Specific  Volumes  already  referred  to,  one  of  us  gave  a 
number  of  determinations  of  the  sp.  vol.  of  phosphorus  as  it  exists  in 
combination,  both  from  his  own  and  from  other  observations  up  to 
that  time  published.     The  results  may  be  thus  summarised : — 

Compound  obserred.  Observer.  Sp.  vol.  of  P. 

PCI, Pierre  254 

„     Buff  25-2 

„     Thorpe  252 

PBr, Pierre  241 

„     Thorpe  240 

POCla Buff  25-5 

„       Thorpe  25-5 

PSCl, Thorpe  254 

POBrCIa Thorpe  261 

PClaCaHjO Thorpe  25-9 

The  mean  of  the  10  estimations  for  the  sp.  vol.  of  P  is  25*3.  The 
separate  values,  of  course,  depend  on  a  knowledge  of  the  sp.  vols,  of 
CI,  Br,  O,  S,  C,  and  H,  and  are  liable,  therefore,  to  be  affected  with  the 
errors  which  exist  in  those  particular  values,  in  addition  to  the  errors 
which  attend  ^he  determination  of  the  sp.  vols,  of  the  phosphorus 
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componnds.  Nevertheless,  the  agreement  among  the  several  values 
is  snflRciently  close  to  leave  very  little  doubt  that  the  sp.  vol.  of 
phosphorus  in  combination  is  about  2o'3.  One  result  which  seemed 
to  flow  from  this  conclusion  was  that,  if  the  sp.  vol.  of  phosphorus  in 
phosphorus  trichloride  and  phosphorus  oxjchloride  was  assumed  io 
be  identical,  the  oxygen  in  the  latter  compound  was  united  by  single 
linkage,  since — 

Sp.  TOl.      Sp.  Tol. 
POCI5.  -  POI3. 

101-3  -  93-4  =  7-9, 

the  value  of  single-linked  oxygen  being,  as  Kopp  has  shown,  7*8, 
whereas  double-linked  oxygen  is  12*2,  a  difEerence  of  4*4.     This  would 

roci 

seem  to  show  that  phosphoryl  chloride  is  P<  CI   ,  which  is  contrary 

Ici 

to  the  usual  mode  of  representing  the  constitution  of  this  compound, 
the  chemical  evidence,  on  the  whole,  tending  to  show  that  the 
chlorine-atoms  are  of  equal  value,  or  in  other  words,  that  the  phos- 
phorus is  pentavalent  in  phosphoryl  chloride.  But  the  physical 
evidence  is  apparently  borne  out  by  the  case  of  the  analogously  con- 
stituted thiophosphoryl  chloride.  This  compound  is  found  to  have 
the  sp.  vol.  1161  and — 

Sp.  ToL        Sp.  TOl. 

PSCI3.  -  PCI3. 

116-1  -  93-4  =  22-7, 

which  agrees  with  Kopp's  value  of  22'6  for  single  linked  sulphur, 
double-linked  snlphnr  being  28*6,  or  a  difference  of  6-0. 

In  1874,  Pisati  and  De  Franchis  (Gazsetta  Chim.  ItaLj  1874 ;  Ber, 
Deut.  Chem.  Ges,,  1875,  70)  determined  the  relative  density  and 
thermal  expansion  of  phosphorus  from  0*"  np  to  its  boiling  poinh, 
which  they  found  to  be  278-3  under  762  mm.  pressure.  Their  results 
for  liquid  phosphorus  may  be  expressed  by  the  formula — 

V<  =  Vac  +  0-032969(i  -  50)  +  00,21 15(#  -  50)\ 

The  variation  in  relative  density  is  as  follows  : — 

Solid.  Liquid. 

0° 1-83676  40^^ 174924 

20** 1-82321  100° 1-69490 

44° 1-80681  200° 1-60270 

280° 1-52867 

From  these  data  the  sp.  vol.  of  fi*ee phosphorus  is  found  to  be 202. 
In  1880,  Professors  Ramsay  and  Masson  (Ber.,  1880,  2147 ;  Trans., 
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1881,  50)  also  determined  the  relative  Tolume  of  phosphonxs  at  its 
boiling  point,  and,  as  the  mean  result  of  four  experiments,  they  found 
the  sp.  vol.  =  20-91  with  a  probable  error  of  ±  0-3987. 

They  discussed  the  observations  on  the  sp.  vol.  of  phosphorus  in 
combination  already  referred  to,  and  concluded  that  the  phosphorus  in 
phosphoryl  chloride,  thiophosphor)^!  chloride,  and  phosphoryl  bromo- 
chloride  has  the  same  sp.  vol.  as  it  possesses  in  the  free  state,  and  hence, 
that  the  values  for  oxygen  and  sulphur  are  respectively  those  of  the 
double-linked  elements,  which  means  that  the  phosphorus  in  these 
compounds  is  pentavalent.  Inasmuch  as  there  can  be  no  question 
that  the  sp.  vol.  of  phosphorus  in  phosphorus  trichloride  and  tribro- 
mide,  in  which  phosphorus  is  trivalent,  is  about  25,  it  would  seem  to 
follow  that  the  sp.  vol.  of  phosphorus  varies  with  its  valency,  as 
H.  L.  BufF,  as  far  back  as  1865  (Annalen  Suppl.^  4,  129),  supposed. 

Our  observations  on  the  sp.  vol.  of  phosphorous  oxide  lend  additional 
support  to  the  view  that  the  sp.  vol.  of  phosphorus  varies  either  with 
its  valency,  or  with  its  mode  of  atomic  grouping.  If  we  assume  that 
all  the  oxygen-atoms  in  phosphorous  oxide  have  the  minimum  value 
7*8,  or,  in  other  words,  that  they  are  united  by  single  linkage,  the 
gp.  vol,  of  phosphorus  in  phosphorous  oxide  is  found  to  he  20*9,  which  is 
exactly  the  value  found  for  phosphorus  in  the  free  state: 

Sn  Tol   P  =  8p'  vol'  of  P4O6  "  »^™  of  gP'  "^ol''  of  BJngle-linted  oxygen -atoms 
Number  of  atoms  of  P  in  mol.  of  P40e  ' 

<,r,p.Tol.of  P  =  180-2 -(6x7-8)   _  ^.9 
4 

It  will  be  obvious  that  if  any  of  the  oxygen-atoms  are  double- 
linked,  that  is,  possess  the  higher  value  12*2,  the  value  for  the 
sp.  vol.  of  phosphorus  will  be  lower  than  20*9.  Hence,  20*9  is  the 
maximum  value  possible.  And  the  further  result  would  seem  to 
follow  that  the  phosphorus -atoms  in  phosphorous  oxide  have  the 
same  valency  as  in  free  phosphorus,  and  that  in  both  these  substances 
the  phosphorus- atoms  are  pentavalent. 

Pisati  and  Nasini  (Ber.,  21,  2155;  Abstr.,  1888,  1027)  have 
attempted  to  determine  the  molecular  weight  of  phosphorus  by 
Raoult's  method  in  a  benzene  solution,  and  their  results  indicate  that 
the  molecule  of  dissolved  phosphorus  is  at  least  made  up  of  not  more 
than  4  atoms,  which  accords  with  the  deductions  from  the  vapour- 
density  determinations  at  temperatures  up  to  1040°.  Beckmann 
(Zeit.physikal  Chem,,  5,  76—82  ;  Abstr.,  1890,  447)  has  also  adduced 
evidence  dependent  on  the  influence  of  dissolved  phosphorus  on  the 
boiling  point  of  carbon  bisulphide  to  show  that  the  molecular  weight 
of  phosphorus  in  solution  corresponds  with  the  molecule  P4.  Hence, 
if  the  phosphorus-atoms  in  the  molecule  of  free  phosphorus  are  penta- 
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Talent,  it  follows  tbat  the  phosphoms  molecule  mnst  be  regarded  as 
possessing  a  closed-chain  constitntion,  thus  : — 

P=P 

11     II 
P=P 

and  since  phosphorous  oxide  is,  apparently,  to  be  regarded  as  made 
up  of  pentavalent  phospborns-atoms  combined  with  single-linked 
ozjgen-atoms  its  constitution  would  be  written — 


0   «    0 
>— 0— P 


p— 


or 


0^ 


or 


P3EP 

il         II 
00         00 

1 1 1 1 


I 


There  are,  however,  certain  difficulties  in  the  way  of  these  general 
conclusions.  Phosphor jl  chloride  is  assumed  to  contain  pentavalent 
phosphorus  because  it  is  directly  transformed  into  orthophosphoric 
acid  by  the  action  of  water.  Now,  since  phosphorus  trichloride, 
which  must  be  supposed  to  contain  trivalent  phosphorns  is  trans- 
formed by  a  similar  reaction  into  phosphorons  acid,  that  acid  must 
also  be  assumed  to  contain  trivalent  phosphorus.  Bat  as  will  be 
shown  hereafter,  phosphorous  oxide  by  hydration  also  passes  into 
phosphorous  acid,  which  would  seem  to  indicate  that  phosphorons 
oxide  also  contains  trivalent  phosphorus-atoms,  which  is  opposed  to 
tbe  result  just  arrived  at.  All  that  the  experimental  data  warrant 
us  in  concluding  is,  that  phosphorus  in  combination  may,  like  oxygen^ 
sulphur,  and  possibly  nitrogen,  have  a  variable  specific  volume,  and 
we  venture  to  think  that  we  may  claim  to  be  the  first  to  have  estab- 
lished that  fact  unequivocally  from  tbe  example  of  phosphorous 
oxide ;  but  whether  the  variable  specific  volume  is  in  any  way  con- 
nected with  the  variable  affinity  values  of  phosphorus  is  as  yet  an 
open  question.  This  hypothesis  has  not  been  proved  to  explain  the 
variable  sp.  vol.  of  the  other  elements  above  named.  Buff,  more 
than  five-and-twenty  years  ago,  attempted,  but  unsuccessfnlly,  to 
trace  the  intradependence  of  these  two  variables.  The  aromatic 
hydrocarbons  have  invariably  a  lower  sp.  vol.  than  that  calculated 
from  Kopp's  values  deduced  from  hydrocarbons  of  the  paraffin  series 
and  their  derivatives,  but  there  is  here  no  case  of  variable  valency. 
The  conclusion,  therefore,  to  which  we  come  is,  that  the  variation  in 
the  sp.  vol.  of  phosphorus  may  be  related  to  the  atomic  arrangement 
of  the  phosphorus-atoms  in  the  molecule  of  the  element  and  in  that 
of  the  phosphorous  oxide,  both  of  which  molecules  contain  in  all 
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probability  the  same  number  of  pbosphoms-atoms,  but  that  it  is  not 
necessarily  dependent  upon  the  variation  in  combining  power  of  tbe 
element. 


Refraction  Equivalent  of  Phosphorous  Oxide. 
Refractive  Index, 


Determination  of 


As  is  well  kuown,  the  researches  of  Gladstone  and  Dale,  Landolt, 
Hruhl,  Van  t'HofF,  and  others  haye  enabled  them  to  deduce  certain 
general  relations  between  the  optical  properties  of  substances  and 
their  chemical  constitution.  Moreover,  Briihl  and,  independently, 
Gladstone  have  traced  connections  between  the  refractive  powers  of 
substances  and  their  specific  volumes. 

Inasmuch  as  phosphorous  oxide  is  easily  obtained  pure,  and  when 
molted  forms  a  clear,  transparent  liquid,  it  became  of  interest  to  de- 
termine its  refractive  index  with  a  view  of  comparing  its  refraction 
equivalent  with  that  of  other  phosphorus  compounds.  It  was  thought 
tliat  the  observations  would  have  all  the  more  importance  from  the 
circumstance  that  the  question  as  regards  the  phosphorus  compounds 
ill  particular  is  extremely  complicated,  and  hence  additional  data  are 
i^reatly  needed.  We  have,  therefore,  taken  very  special  pains  to  make 
our  determinations  as  accurate  and  as  complete  as  possible,  in  the  hope 
that  if  we  ourselves  were  unable  to  unravel  their  indications,  the  data 
might  be  found  useful  to  subsequent  inquirers. 

The  spectrometer  employed  was  a  large  instrument  made  by 
Aug.  Becker,  of  Gottingen,  and  was  kindly  lent  to  us  by  Professor 
Bcdson ;  with  the  aid  of  two  micrometers,  placed  180°  apart,  the 
circle  could  be  read  to  2"  of  arc,  and  the  last  second  could  easily  be 
estimated. 

The  observations  were  made  in  a  room  of  which  the  temperature 
was  maintained  at  a  few  degrees  above  the  melting  point  of  phos- 
phorous oxide,  the  limits  being  26'5''  aud  28*2*".  The  phosphorous 
(iside  was  redistilled  directly  into  the  hollow  glass  prism  of  about 
iy(f  angle ;  this  was  previously  filled  with  carbon  dioxide,  and  was 
fitted  with  a  good  stopper.  The  lines  observed  were  the  red  lithium, 
yellow  sodium  D,  the  green  thallium,  and  the  three  brightest  hydro- 
gen lines,  H«,  H/3,  and  H7,  corresponding  to  C,  F,  and  G  of  the  solar 
spectrum.  Two  independent  series  of  observations  were  made  with 
different  preparations  of  the  oxide.  In  each  series  four  pairs  of  read- 
ings were  taken  for  each  line,  and  in  the  second  series,  after  one  set 
of  readings  had  been  taken,  the  observations  were  repeated  vrith  the 
prism  rotated  in  azimuth,  so  as  to  receive  the  incident  rays  upon  the 
second  face.  In  order  to  obtain  a  general  expression  for  the  refraction 
of  phosphorous  oxide  of  the  form  given  by  Cauchy — 
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;*  =  A  +  -  + 


+  ..., 


where  /*  is  the  refractive  index,  and  \  the  waye-length  of  the  par- 
ticular raj  emplojed,  the  observations  were  combined  so  as  to  form 
two  sets  of  three  equations  of  condition,  the  values  for  the  three 
metallic  lines  forming  one  set,  and  those  of  the  three  hydrogen  lines 
the  other.  The  equations  were  independently  solved  for  the  con- 
stants A,  B,  and  C,  and  the  mean  of  these  values  taken.  The  general 
expression  for  the  refraction  of  liquid  phosphorous  oxide  at  the  tem- 
perature 27*4'*  is  thus  found  to  be — 


;*  =  1-5171  +  ^' 


817670 


316590  000  000 


The  following  table  shows  the  results  of  the  actual  observations,, 
and  the  values  of  the  refractive  index  calcalated  by  the  above 
formula : — 

Table  showing  the  Refractive  Index  of  Phosphorous  Ovide, 


Mean  angle  of  min.  dev. 

/i  obs. 

Line  obserred. 

Ware- 
length. 

ftcalc. 

Diff. 

I 

II 

I  Series. 

II  Series. 

Series. 

Series. 

Lithium  red 

6705 

o          /       // 

39  45  52 

o          /       // 

40  14  26 

1-5350 

1 -5349 

1 -5352 

0  0003 

Hydrogen  red  (0)   .. 

6562 

39  50    9 

40  19  35 

1-6358 

1 -5360 

1 -53590-0000 

Sodium  yellow  (D) . . 

5892 

40  14  23 

40  44  04 

1-5403 

1-5405 

1-5405  0-0001 

ThBllium  green .... 

5348 

40  41  06 

41  10  28 

1-5454 

1-5453 

1-5453  00000 

Hydrogen  green  (F) . 

4861 

41  14  69 

41  45  24 

1 -5518 

1-5617 

l-5512;o-O0O5 

Hydrogen  blue  (»).. 

4340 

42  07  34 

42  38  11 

1-5616 

1  -5614 

1-55960  0019 

It  will  be  seen  that  the  formula  reproduces  the  observations  with 
great  exactness,  the  greatest  divergence  being  in  the  case  of  hydro- 
gen 7  which  is  confessedly  the  most  difficult  of  measurement.  The 
values  of  /»  as  given  are  reduced  to  a  vacuum.  The  actual  experi- 
mental numbers  were  in  all  cases  00004  less.  The  angle  of  the  prism 
during  the  first  series  of  observations  was  59^*  34'  05",  and  during 
the  second  series  60*  0'  48". 

In  calculating  the  refraction  equivalent,  that  is,  ^S£.l '  x  (/i  —  L) 

relative  density  ' 
;» is  generally  made  to  represent  the  refractive  index  either  for  the 
line  A  of  the  spectrum  or  for  a  ray  of  infinite  wave-length.  The 
calculated  value  of  /»  for  line  A  of  the  spectrum  (wave-length  7604) 
for  phosphorous  oxide  is  1*5311.     The  valae  for  a  ray  of  infinite^ 
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ware-length  is  the  constant  A  in  the  general  expression  for  the  refrac- 
tion, viz.,  1'5171 

The  relative  density  of  liquid  phosphorous  oxide  at  the  mean 
temperature  of  the  refraction  observations  is  1*9300.  The  refraction 
equivalent  of  phosphorous  oxide  for  the  line  A  of  the  spectrom  is^- 

220  X  05311  _  gQ.g 
1-93 

For  the  ray  of  infinite  wave-length  it  is — 

220  X  0-5171 


1-93 


=  58-9. 


If  the  oxygen  is  represented  by  its  lowest  value,  corresponding  to 
single-linked  oxygen,  which  for  the  line  A  is  2*9,  and  for  a  ray  of 
infinite  wave-length  2*8  ;  the  values  of  the  phosphorus  in  phosphorous 
oxide  are  10*8  for  line  A,  and  10*5  for  a  ray  of  infinite  wave-length. 
If  any  of  the  oxygen-atoms  are  doubly  linked,  corresponding  to  the 
higher  values  3'4  or  3*3,  the  value  of  the  phosphorus  becomes,  of 
course,  slightly  less ;  in  the  extreme  case  it  would  be  10*0. 

Gladstone  and  Dale  have  shown  that  the  refraction  equivalent  of 
free  phosphorus  referred  to  the  line  A  is  identical  with  the  value  it 
lias  in  phosphorus  trichloride  and  tribromide.  This  value  is  about 
18.  On  the  other  hand,  in  phosphoryl  chloride,  metaphosphoxic  and 
orthophosphoric  acids,  the  value  is  much  lower,  viz.,  about  8.  It  is 
impossible  in  the  light  of  our  present  knowledge  to  explain  these 
results  or  to  bring  them  in  line  with  the  deductions  from  the  specific 
volume  observations.  The  differences  are,  of  course,  far  too  large  to 
be  accounted  for  by  any  possible  experimental  errors. 

It  is  remarkable  that  a  substance  so  rich  in  phosphorus  as  phos* 
y)horous  oxide  should  have  such  a  comparatively  low  refractive 
power. 

Dispersion  of  Pkosphorous  (hide. 

The  refractive  index  for  the  line  H  (wave-length  3969)  is  1*5677, 
as  calculated  from  the  general  formula  above  given.  The  length  of 
spectrum,  /*.  —  /*^,  is  1*5677  —  1-5311  =  00366.  The  dispersion 
t'quivalent  as  expressed  by  the  formula — 


Mol.  wt. 


M.    —    f^A 

density 


.    _  220_x  0-0366  _  .  ,7 
^'^  1-93  -*^^* 

The  difference  between  the  length  of  spectrum  of  phosphorous  oxide 
and  of  free  phosphorus  is  very  striking.     In  the  case  of  free  phoa- 
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phorns,  the  rays  about  the  line  A  are  absorbed,  but  the  length  from 
C  to  Hi,  that  is  ^.^  —  ^c»  is  as  much  as  01679,  the  value  of  ^  for  the 
line  C  at  40°  being  2-0677,  and  for  line  Hi  22356  (Dale  and  Glad- 
stone, PkU.  Trans,,  1863,  320).  It  is  remarkable  that  the  combina- 
tion of  phosphorus  with  oxygen  not  only  reduces  the  refractive  index 
from  2'1  to  1'5,  but  also  reduces  the  dispersive  power  to  such  an 
extent  that  the  length  of  the  spectrum  is  diminished  from  more  than 
01679  to  00366. 

Magnetic  Rotation  of  Phosphorous  Oxide, 

Dr.  Perkin,  who  kindly  offered  to  make  the  necessary  observations, 
has  furnished  us  with  the  following  determinations  of  the  magnetic 
rotation  of  phosphorous  oxide  : — 

"  The  magnetic  rotation  of  phosphorous  oxide  gave  the  following 
numbera : — 


"t. 
24-5" 
24-5 
24-5 
24-5 
24-5 
250 
250 
25-0 
250 
25-0 

"Average     24*75 


Sp.B. 


5916 
5865 
5844 
5844 
5856 
5795 
5780 
5765 
5826 
5829 


1-5832 


Mol.  B. 

10013 
9-981 
9-967 
9-967 
9-975 
9-941 
9-931 
9-921 
9-960 
9-961 

9-962 


"  The  magnetic  rotatory  power  of  phosphorus  compounds  has  not 
been  much  studied  as  yet,  but  from  the  results  which  have  been 
obtained,  phosphorus  in  the  free  state  is  found  to  have  a  much  larger 
rotation  than  when  in  combination  with  oxygen,  as  in  the  ethyl  phos- 
phates and  phosphites. 

"The  above  results  [show  that  this  is  also  the  case  with  phos- 
phorous oxide,  where  the  influence  of  this  element  is  apparently  not 
very  much  higher  than  in  triethyl  phosphite." 

Action  of  Water  on  Phosphorous  Oxide, — Phosphorous  oxide  is 
generally  supposed  to  possess  a  great  affinity  for  water.  Most  text- 
books state  that  it  rapidly  deliquesces  in  air,  and  instantly  dissolves 
in  water  with  a  hissing  noise.  According  to  Gmelin  (Handbuch  der 
Ohenue),  "  the  anhydrous  acid  attracts  the  moisture  of  the  air  with 
so  great  a  development  of  heat  that  it  takes  fire."  In  reality  pure 
phosphorous  oxide  is   somewhat  inert  in  its   attraction  for  water. 
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Both  the  solid  and  the  liquid  form  dissolve  only  with  great  slowness  ; 
a  few  grams  will  remain  for  several  days  in  contact  with  water  with- 
out any  considerable  diminution  in  balk  being  apparent.  On  long 
standing,  the  pure  oxide  completely  dissolves ;  the  solution  has  a  strong 
acid  reaction  and  an  alliaceous  smell ;  it  reduces  mercaric  chloride  to 
calomel,  and  throws  down  metallic  silver  from  silver  nitrate  solution. 
It  has  no  action  on  copper  sulphate  solution  on  boiling,  nor  does  it 
reduce  iodates  or  liberate  iodine  from  potassium  iodide  solution  ; 
hence  it  seems  to  form  phosphorous  acid  by  gradual  assimilation  of 
water.  1'3703  grams  of  freshly  distilled  phosphorous  oxide  were  sealed 
up  in  a  glass  tube  with  about  5  c.c.  of  distilled  water  which  had  pre- 
viously been  boiled  and  then  allowed  to  cool  in  an  atmosphere  of  car- 
bonic acid.  The  tube  and  contents  were  allowed  to  stand  in  the  dark 
for  five  weeks,  at  the  end  of  which  time  the  solid  had  almost  entirely 
disappeared.  The  slight  residue  which  remained  proved  to  be  free 
phosphorus ;  after  drying  in  a  stream  of  carbon  dioxide,  it  weighed 
0  0 14  gram,  or  1*02  per  cent.  The  filtered  solution  was  then  mixed 
with  excess  of  mercuric  chloride  solution  and  warmed  to  60^  and 
the  precipitated  calomel  collected  and  weighed.  The  actual  amount 
of  phosphorons  acid  in  the  solution,  assuming  that  it  reduces  mercnric 
chloride  to  calomel  in  accordance  with  the  equation^ 

HsPO,  +  2HgCl2  +  HjO  =  Hg,Cl2  +  H3PO4  +  2HC1, 

was  thus  found  to  be  20021.  The  phosphorous  oxide  taken  (after 
deducting  the  0014  of  free  phosphorus)  should  yield  20221  HsPOs, 
on  the  supposition  that  it  combined  with  water  according  to  the 
equation — 

P^Oe  +  6HaO  =  4H3PO3. 

The  concordance  of  the  numbers  is  sufficiently  close  to  show  that 
phosphorous  oxide  is  slowly  converted  into  phosphorous  acid  by  the 
action  of  cold  water. 

When  a  small  quantity  of  water,  not  lower  than  15**  in  tempera- 
tare,  is  added  to  a  quantity  of  phosphorous  oxide,  not  less  than  one- 
sixth  its  bulk,  the  slight  rise  of  temperature  (due  to  the  formation  of 
phosphorous  acid  P)  at  the  surface  of  contact  is  just  sufficient  after 
about  10  minutes  to  melt  the  oxide  which  remains  unmixed  with  the 
water  at  the  bottom  of  the  vessel.  This  slowly  dissolves,  as  above 
described,  and  in  a  few  days  forms  a  solution  of  phosphorous  acid. 

When  the  water  is  heated,  the  reaction  is  entirely  different.  At 
temperatures  below  100**  it  is  very  energetic ;  large  quantities  of  red 
phosphorus  or  the  red  suboxide  ai'e  formed  with  an  explosive  evolu- 
tion of  spontaneously  inflammable  phosphoretted  hydrogen  and  the 
formation  of  phosphoric  acid.    With  quantities  of  phosphorous  oxide 


> 


Digitized  byCjOOQlC 


THORPE  AND  TCTTTON:   PHOSPHOROUS  OXIDE.  5S9 

exceeding  a  couple  of  grains,  hot  water  prodnces  most  violent  explo- 
sions. 

Action  of  Gatuiic  Alkalis. — Cold  dilate  solutions  of  caustic  soda  or 
potash  resemble  cold  water  in  their  action  on  phosphorous  oxide.  No 
action  is  apparent  at  first,  but,  on  standing,  the  oxide  is  dissolved, 
and  a  phosphite  is  formed.  Cold  concentrated  or  hot  dilute  solu- 
tions decompose  the  oxide  with  production  of  red  phosphorus,  or  the 
red  oxide  P4O,  and  a  phosphate,  whilst  spontaneously  inflammable 
phosphoretted  hydrogen  is  evolved. 

Action  of  Ethtfl  Alcohol. — Although  phosphorons  oxide  is  so  slowly 
acted  on  by  water  at  ordinary  temperatures,  it  instantly  ignites  in 
contact  with  absolute  alcohol.  By  cooling  the  oxide,  and  allowing 
the  absolute  alcohol  to  fall  drop  by  drop  upon  it,  the  reaction  may 
be  easily  controlled,  when  it  is  found  to  occur  in  accordance  with  the 
equation : — 

rocH. 

F4O.  -h  8Cja.O  =  4P<^  0C,H5  +  2H,0. 
1  OH 


The  diethyl  phosphorous  acid  so  formed  is  a  colourless  liquid  of  a 

penetrating,   garlic-like   smell  boiling  at  184 — 185®,  and  having  a 

15*5° 
relative  density  of  10749  at  .     Further  details  of  the  mode  of 

preparation  and  properties  of  this  compound  are  reserved  for  a  subse- 
quent communication. 

Ether,  carbon  bisulphide,  benzene,  and  chloroform  dissolve  phos- 
phorous oxide  withoat  change. 

Action  of  Oxygen. — Phosphorous  oxide  spontaneously  oxidises  to 
phosphorus  pentoxide  on  exposure  to  air  or  to  oxygen.  A  small 
quantity  of  the  oxide  in  a  test-tube  in  contact  with  the  air  soon 
becomes  surronnded  by  a  volnminous  deposit  of  the  pentoxide,  which 
deliquesces  at  the  margin  nearest  the  mouth  of  the  tabe.  When  a  few 
decigrams  of  phouphorous  oxide  are  placed  at  the  bottom  of  a  wide 
tube  closed  at  one  end,  and  previously  filled  with  dry  oxygen,  and  the 
tube  sealed  and  kept  in  the  dark,  in  an  upright  position,  a  balky,  snow- 
like deposit  of  pare  phosphoric  oxide  is  formed  in  rhythmic  strie  or 
annali  along  the  walls  of  the  tabe,  showing  that  vaporisation  of  the 
phosphorous  oxide  precedes  its  oxidation.  The  action  is  comparatively 
slow  at  first,  but  seems  to  proceed  at  an  accelerated  rate  as  the 
tension  of  the  included  oxygen  diminishes,  whereby  the  volatility  of 
the  phosphorous  oxide  is  increased.  Under  diminished  pressure,  the 
tube  is  seen  to  be  more  or  less  filled  with  a  laminous  flactuating  glow, 
which  instantly  stops  when  the  tension  is  increased  to  atmospheric 
pressure.  By  increase  of  temperature,  effected  by  warming  the 
outside  of  the  tube  with  a  water-jacket,  the  diminution  of  pressuro 
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required  to  prodnce  the  ^low  becomes  less — a  farther  proof  that  the 
glow  is  due  to  the  action  of  oxygen  on  the  vapour  of  phosphorous 
oxide.  If  the  temperature  is  graduallj  raised  to  about  70°,  the  rate 
of  volatilisation,  and  consequent  oxidation,  is  such  that  the  maas  of 
phosphorous  oxide  bums,  but  the  vigorous  combustion  can  be  at  once 
stopped  by  reduciug  the  pressure  of  the  oxygen,  and  immediately 
renewed  by  restoring  the  pressure,  and  the  experiment  can  be  repeated 
until  the  whole  of  the  oxide  or  the  oxygen  is  used  up. 

The  change  from  glow  to  actual  flame  is  perfectly  regular  and 
gradual,  and  is  uuatteuded  with  any  sudden  increase  in  brilliancy. 
In  this  respect,  the  process  of  oxidation  is  analogous  to  the  slow  and 
barely  visible  baming  of  fire-damp  which  is  sometimes  seen  to  occur 
in  the  Davy  lamp,  or  to  the  slow  combustion  of  ether  and  other 
Tapours  which  has  been  specially  studied  by  Dr.  Perkin.  No  osone 
is  formed  as  the  oxidation  proceeds.  This  fact  is  important,  as  it 
seems  to  support  the  assumption  that  the  formation  of  ozone  during 
the  glow  of  phosphorus  is  caused  by  the  dissociation  of  the  oxygen 
molecule  in  the  formation  of  phosphoric  oxide — 

P,  +  30,  =  P,0,  -f  O, 
O   +  0,     =  Os. 

When  phosphorous  oxide  is  converted  into  the  pentoxide,  no 
dissociation  of  oxygen  molecules  need  be  assumed  to  occur — 

P*©.  +  20a  =  2Pa05. 

A  good  method  of  showing  the  glow  of  phosphorous  oxide  for 
lecture  purposes  is  to  pour  a  solution  of  the  oxide  in  carbon 
bisulphide  on  to  filter-paper  wound  round  a  test-tube  ;  the  tube  with 
its  moistened  coating  of  paper  is  then  introduced  into  a  wider  tube 
about  twice  its  length,  one  end  of  which  is  drawn  out  and  closed 
with  a  stopcock,  the  other  end  being  fitted  with  a  cork  also  carrying 
a  stopcock.  A  stream  of  hydrogen  is  then  passed  through  the  outer 
tube  until  the  carbon  bisulphide  has  evaporated.  The  tube  is  now 
attached  at  one  end  to  a  vacuum-reservoir,  and  at  the  other  to  an 
oxygen  supply.  On  exhausting  the  tube,  the  finely  divided 
phosphorous  oxide  on  the  paper  begins  to  glow ;  on  restoring  the 
pressure  from  the  oxygen  supply,  the  glow  at  once  stops. 

These  phenomena  are  so  very  similar  to  those  which  occur  with 
phosphorus  alone  that  it  might  be  thought  that  the  glow  observed  ia 
the  case  of  phosphorous  oxide  is  due  to  the  presence  of  free 
phosphorus  in  that  compound.  The  amount  of  free  phosphoras 
i*equired  to  produce  a  glow  is  so  very  small  that  the  supposition 
cannot  be  at  once  dismissed  as  impossible.  We  can  only  say  that 
every  sample  of  the  oxide  we  have  tried  has  always  showed  the  glovr 
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even  after  repeated  distillation,  treatment  with  metallic  copper,  &c. 
Nor  have  we  been  able  to  perceive  anj  difference  in  the  extent  of  the 
glow  OP-  in  Uie  condition»  under  which  it  occurs  with  different 
preparations.  The  absence  of*  the  ozone  and  the  gradual  increase  in 
the  intensity  of  the  glow,  until  itpasses-intosteady  combustion  as  the 
temperature  is  increased,  seem  to  us  convineing  that  phosphorous 
oxide  phosphoresces^  in^  contact  with  oxygen^  like  phosphorus  itself, 
and  under  veiy  similar  conditions.  Moreover,  no  hydrogen  peroxide 
could  be  detected  when  the  glow  occurred  in  moiet'  air,  whereas  the 
glow  of.  phosphorus  under  the  same  conditions  is  attended  with  the 
production  of  notable  quantities  oi  that  substance.. 

Melted  phosphorous*  oxide  readily*  takes  fire  in  the  air,  especially 
when  gently  warmed  or  when  spread  out  over  the  surface  of 
paper  or  cloth.  Thrown  into  oxygen  heated  to  50*  or  CC*,  it 
instantly  igpiites  with  a  flame  of  almost  blinding  brilliancy.  On  the 
completioB  of  one  of  the  determinations  of  vapour-density  by  the 
Hofmann. method,  the  apparatus  having  cooled,^a  measured  quantity 
of  oxygen  was>  introduced  into  the  tube,  the  temperatnre  of  which 
was  slowly  raised  by  surrounding  it  with  steam.  The  room  being 
darkened,  a  series  of  some  half-dozen  brilliant  flashes  of  flame 
extending  throughout  the  whole  length* of  the  gaseous  column  was 
observed.  No  violent  oscillation  of  the  mercury  column  was  per- 
ceptible ;  hence,  neither  the  temperature  of  ignition  nor  the  heat  of 
combination  was  very  high.  The  amount  of  oxygen  consumed  was 
close  upon  that  required  to  form  PjOa. 

It  will  be  obvious,  therefore,  that  great  care  is  necessary  to  efxclude 
air  from,  the  apparatus  during-  the  process  of  distillation  of 
phosphoroQs  oxide.  If  air  is  permitted  to  enten  the  distilling  vessel, 
the  vapour  ol  the  oxide  at  onoe  ignites,  and  may  set  fire  to  the  liquid, 
with  the  possibility  of  a  dangerouB  explosion.  It  is  necessary, 
therefore,  to  keep  a  continuous  and  sufficiently  rapid  stream  of  dry 
carbon  dioxide  playing  round  the  mouth  of  the  receiver. 

Action  of  Ozone  on  Phogphorotu  Oxide, — A.  tube  was  fitted  with 
platinum  wires,  like  an  Honzeau's  ozone-tube,  in  such  manner  that  a 
slow  stream  of  oxygen  passing  through  it  could  be  ozonised  by  the 
silent  discharge,  and  the  ozonised  oxygen  was  passed  over  a  small 
quantity  of  phosphorous  oxide  placed  within  the  tube.  Under  these 
circumstances,  the  phosphorous  oxide  glowed  continuously,  that  is, 
without  the  remarkable  pulsating  appearance  which. characterises  its 
glow  in  air  or  in  oxygen  under  diminished  pressure.  The  glow 
ceased  when  the  silent  discharge  was  interrupted,  but  recommenced 
immediately  it  was  resumed.  The  glow  in  the  case  of  the  ozonised 
oxygen  (which,  oE  course,  was  at  the  ordinary  atmospheric  pressure) 
was  close  to  the  oxide,  and  not,  as  in  the  case  of  air,  or  in  rarefied 
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oxygen,  at  some  distance  away  from  it.  Moreover,  after  a  time, 
owing  apparently  to  the  energy  of  the  reaction,  the  phosphorous 
oxide  melted,  whereas  it  never  melts  in  pure  oxygen  or  in  air  at  the 
ordinary  temperature. 

Action  of  Chlorine, — Phosphorous  oxide  thrown  into  a  jar  of 
chlorine  instantly  ignites,  and  burns  with  a  greenish  flame.  In  a 
slow  current  of  dry  chlorine,  the  oxide  becomes  very  hot,  and  bums 
with  a  pale  green  flame  scarcely  perceptible  in  daylight.  If  the  flask 
containing  the  phosphorous  oxide  is  surrounded  by  ice,  and  the 
current  of  chlorine  is  not  too  rapid,  the  whole  of  the  oxide  is 
gradually  converted  into  a  clear  liquid  which  does  not  solidify  in  cold 
water.  On  distilling  this  liquid,  the  thermometer  rises  rapidly  to 
107*,  and  remains  constant  at  this  temperature  for  some  time,  after 
which  it  suddenly  rises  to  200^  and  the  residae  in  the  flask  becomes 
viscid.  This  residue  is  the  so-called  metaphosphoryl  chloride, 
POaCl,  of  Gustavson,  obtained  by  heating  POCls  and  PjOj  together. 
The  action  of  chlorine  on  phosphorous  oxide  may  be  represented  by 
the  equation — 

P4O.  +  4CU  =  2POCI3  +  2P0,C1. 

In  an  actual  experiment,  7*46  grams  PiOe  yielded  10*54  grams 
POCI3  and  6*68  grams  POjCl.  According  to  the  above  equation,  the 
amount  of  phosphorous  oxide  taken  should  have  yielded  10*41  grams 
POCI5  and  6-68  grams  POjCl. 

Theory  indicates  the  possible  existence  of  two  modifications  of 
phosphoryl  chloride,  ClaP'OCl  and  ClsPIO,  but  all  attempts  to 
obtain  isomeric  modifications  of  this  substance  have  hitherto  failed. 
Michaelis  and  La  Coste  (Per.,  18,  2118)  have,  however,  drawn 
attention  to  the  fact  that  isomeric  derivatives  corresponding  to  the 
two  oxy chlorides  are  known,  viz. : — 


III. 
(C.H5),P-0-C.H. 
Phenoxjldiphenjlphoflphine. 


V. 
and  (CeH5),P:0 

Triphenylphosphine  oxide. 


The  first-named  compound  is  a  thick,  oily  liquid,  readily  acted  01 
by  bromine,  oxygen,  salphur,  and  selenium,  and  yields  crystallisabh 
addition-products  with  the  alkyl  haloids;  whereas  the  latter  is  a 
solid,  melting  at  153*5",  on  which  the  above-named  substances  hay< 
no  action. 

In  view  of  the  possible  existence  of  isophosphoryl  chloride,  w^ 
submitted  the  oxychloride  obtained  by  the  action  of  chlorine  upoi 
phosphoroQS  oxide  to  a  careful  examination.  It  was  found  to  boi! 
constantly  at  1070°  (corr.),  and  its  sp.  gr.  was  1-7119  at  0*.  The 
boiling  point  of  the  oxychloride  obtained  from  phosphorus  penta- 


Digitized  by  VjOOQIC 


THORPE  AND  TUTTON:  PHOSPHOROUS  OXIDE.  573 

chloride  by  the  action  of  plioaplioric  pentozide  was  formerly  found 
by  one  of  as  (Trans.,  1880,  388)  to  be  107"22°  (corr.),  and  its  sp.  gr. 
171185  at  0°,  Hence  the  oxycbloride  obtained  from  phosphorous 
oxide  is  identical  with  that  obtained  from  phosphoric  oxide. 

Phosphorous  oxide  has  a  well-marked  physiological  effect,  and  it  is 
not  improbable  that  the  action  hitherto  attributed  to  phosphorus 
itself,  especially  as  regards  its  influence  on  the  glycogenic  function 
of  the  liver  and  on  tissue  change  may  be  really  due  to  this  substance. 
It  is  well  known  that  persons  employed  in  the  manufacture  of  lucif er 
matches  are  occasionally  attacked  by  caries  of  the  lower  jaw.  This 
is  not  due  to  the  action  of  the  phosphorus  after  absorption  into  the 
circulation,  but  to  the  direct  effect  of  the  fumes  upon  the  bone  itself. 
For  it  has  been  found  that  when  a  bone  of  an  animal  fed  .by  phos- 
phorus was  exposed,  no  carious  change  took  place ;  but  if  one  were 
exposed  to  the  fumes,  caries  was  produced,  and  amongst  lucifer- 
match  makers  it  has  been  noticed  that  only  those  who  have  carious 
teeth  snfEer  from  necrosis  of  the  jaw  (Lauder  Brunton,  "  Pharmaco- 
logy, Ac.,"  771).  The  fumes  from  phosphorus  consist  largely  of 
phosphorous  oxide ;  by  drawing  air  over  phosphorus  without  allowing 
it  to  ignite^  and  passing  the  fumes  through,  a  narrow  strongly-cooled 
tube,  a  deposit  is  obtained  which  melts  with  the  warmth  of  the  hand, 
and  gives  the  reactions  for  phosphorous  oxide.  Moreover,  the  odour 
of  the  product  is  idenli^  with  that  of  pure  phosphorous  oxide,  and 
it  is  also  identical  with  the  peculiar  smell  noticed  in  a  lucif er-match 
manufactory  during  the  making  and  handling  of  the  *'  composition  " 
with  which  the  splints  are  tipped,  and  which  is  present  in  the  neigh- 
bourhood of  the  benches  where  the  *'  boxers "  are  at  work.  It  is 
highly  probable,  as  Schonbein  {Fogg,  Ann^  75,  377)  long  ago  sur- 
mised, that  phosphorus  vapour,  as  such,  is  odoui'less,  and  that  the 
smell  which  phosphorus  ordinarily  possesses  is  a  mixture  of  that  of 
ozone  and  of  phosphorous  oxide. 

We  are  continuing  the  study  of  this^'compound,  and  have  already 
investigated  the  action  upon  it  of  ammonia,  sulphur,  sulphuric  acid, 
the  chlorides  of  phosphorus,  &o.  And  we  are  also  engaged  in  experi- 
ments on  its  behaviour  with  a  number  of  organic  substances.  We 
hope  to  be  able  to  lay  the  results  of  our  work  before  the  Society  at 
an  early  date.  It  gives  us  much  pleasure  to  acknowledge  our 
indebtedness  to  Mr.  Barker  North,  Assoc.  N.S.S.,  for  his  assistance  in 
the  preparation  of  the  phosphorous  oxide  which  has  served  for  the 
present  investigation. 
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XXXV. — An  Investigation  of  the  Conditions  under  which  Hydrogen 
Peroxide  is  formed  t from  JEiher, 

By  Professor  Wywdham  R.  Duvstak  and  T.S.  Dtmond. 

It  has  been  asserted  by  yarioiis  chemists,  irom  the  time  of 
Schonbein  to  the  present  day,  that  an  oxidising  substance,  either 
ozone  or  hydrogen  peroxide,  is  formed  when  ether  is  exposed  to 
light.  Berthelot  has  stated  that  hydrogen  peroxide  is  produced 
when  ozone  acts  on  ether  in  presence  of  water.  It  also  appears  that 
a  substance  possessing  oxidising  properties  is  generated  daring  the 
slow  combustion  of  ether,  but  tbe  evfdence  &s  to  the  precise  nature 
of  this  substance  is  unsatisi^tory. 

Three  years  ago  (Pha/rm.  J,,  17,  841),  we  communicated  to  the 
Pharmaceutical  Society  an  account  of  some  experiments  we  had  made 
on  the  behaviour  of  light  towards  pure  ether,  from  which  we  con- 
cluded that  neither  ozone  nor  hydrogen  peroxide  is  .produced  under 
these  circumstances.  Since  then  we  haye  fally  substantiated  this 
conclusion  by  another  series  of  experiments,  of  which  an  account  is 
given  in  this  paper,  and  having  extended  the  inquiry,  we  are  now  in 
a  position  to  state  precisely  the  conditions  that  are  necessary  iu  order 
that  hydrogen  peroxide  may  be  formed  from  pure  ether. 

I.  Action  of  Light  on  Ether, 

The  statement  that  ozone  is  produced  wh^n  ether  is  exposed  to 
light  seems  to  have  been  first  recorded  by  Schonbein  (J.  Ghem,  Soe.^ 
4,  184)  in  a  paper  communicatedto  this  Society,  in  which  he  draws 
attention  to  the  ^t  that  ether  which  has  been  exposed  to  light  and 
air  contains  a  substance  possessing  powerful  t>xidising  properties; 
this  substance  he  believed  to  ''be  either  ozone  t)r  a  'body  isomeric  with 
it.  Ether  deprived  of  air  and  kept  in  the  dark  was  found  not  to  yield 
this  substance.  This  statement  has,  on  Schonbein's  authority,  been 
assumed  to  be  true,  and  during  the  last  fifty  years  it  has  been  re- 
peatedly made,  the  oxidising  action  being  attributed  by  some  writers 
to  ozone,  and  by  others  to  hydrogen  peroxide ;  but  the  experimental 
investigation  of  the  subject  has  been  carried  very  little,  if  any,  further 
than  the  stage  at  which  it  was  left  by  Schonbein  (cf  Kingzett,  Trans., 
37, 805 ;  Ghem,  News,  34, 135 ;  Warden,  Pharm.  /.,  15,  521 ;  Buchner, 
Ghem.  Zeit.,  9,  69;  Werner,  Pharm,  /.,  16,  660).  None  of  these 
observei'S  has  adduced  experimental  proof  that  the  oxidising  sub- 
stance, whether  ozone  or  hydrogen  peroxide,  is  actually  derived  from 
the  ether  and  not  from  an  impurity  contained  in  it. 
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Recently  the  subject  has  again  attracted  attention,  owing  to  the 
experiments  of  Berthelot  {Compt  rend.,  108,  543),  who  has  recorded 
results  which,  in  his  judgment,  are  sufficient  to  prove  that  hydrogen 
peroxide  may  be  formed  from  ether  by  the  action  of  air  and  water  at 
ordinary  temperatures.  The  ether  employed  in  some  of  these  experi- 
ments had  been  purified  by  washing  it  with  lime-water.  The 
hydrogen  peroxide  was  detected  by  moans  of  its  reaction  with 
chromic  acid.  According  to  Berthelot,  the  formation  of  the  hydrogen 
peroxide  is  dependent,  in  the  first  instance,  on  the  previous  produc- 
tion of  ethyl  peroxide  by  the  direct  action  of  oxygen ;  this  compound 
being  decomposed  by  water  with  formation  of  hydrogen  peroxide. 
Berthelot  had  already  shown  that  ethyl  peroxide  may  be  prepared  by 
the  action  of  ozonised  air  on  ether,  and  that  it  is  decomposed  by  water 
to  form  hydrogen  peroxide.  He  now  assumes  that  at  ordinary  tern- 
peratures  atmospheric  oxygen  is  also  competent  to  produce  ethyl 
peroxide  from  ether,  but  the  experiments  he  describes  in  support  of 
this  assumption  seem  to  us  to  be  unsatisfactory.  Berthelot  has 
made  these  results  the  basis  of  a  theory  as  to  the  mode  in  which 
plants  assimilate  atmospheric  nitrogen.  He  finds  that  during  this 
slow  atrial  oxidation  of  ether  that  traces  of  nitrites  are  produced  at 
the  expense  of  the  atmospheric  nitrogen,  which  is  supposed  to  be 
oxidised  by  the  ethyl  peroxide  or  by  the  hydrogen  peroxide,  but  the 
experimental  evidence  for  this  theory  is  not  conclusive.  It  is 
doubtful  whether  Berthelot  regards  light  as  a  necessary  condition  of 
reaction  between  ether  and  oxygen. 

In  a  paper  lately  communicated  to  this  Society  by  Dr.  Arthur 
Richardson,  it  is  again  asserted  that  wet  ether  forms  hydrogen  per- 
oxide when  exposed  to  light,  and  he  ofiers  an  entirely  new  explanation 
of  the  manner  in  which  the  hydrogen  peroxide  is  produced.  Richard- 
son claims  to  have  proved  that  the  hydrogen  peroxide  is  derived,  not 
from  the  ether,  but  from  the  combination  of  oxygen  with  water  under 
the  influence  of  light;  in  point  of  fact,  that  the  water,  not  the 
ether,  is  oxidised.  The  action  of  the  ether  is  merely  to  promote  the 
stability  of  the  hydrogen  peroxide,  and  to  enable  it  to  accumulate  in 
the  liquid,  an  effect  which,  it  is  alleged,  may  also  be  brought  about 
by  the  addition  to  the  water  of  sulphuric  acid  instead  of  ether ; 
water  thus  acidified  is  stated  to  form  hydrogen  peroxide  when 
exposed  to  light  in  contact  with  air.  It  would  appear,  however,  that 
Richardson  does  not  attach  importance  to  the  question  of  the  pority 
of  the  ether,  since  no  allusion  is  made  to  it  in  the  published  abstract 
of  his  paper  (Proc.,  1889,  134). 

Still  more  recently,  Poleck  and  Thiimmel  (Ber,,  22,  2868 ;  Arch. 
Fharm.y  1885,  918)  have  investigated  this  subject.  The  ether  they 
employed  was  purified  by  shaking  it  with  aqueous  sulphurous  acid 
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and  afterwards  wiMi  milk  of  lime.  The  ether  was  then  dried  and 
distilled  from  pbenylhydrasine.  Ether  thus  purified,  when  exposed 
to  snnlight  and  air,  either  wet  or  drj,  was  fonnd  to  yield  hydrogen 
peroxide  together  with  a  substance  which  is  supposed  to  be  yinyl 
alcohol,  the  action  being  represented  by  the  equation  (CH3CH3)sO 
+  03  =  2(CH,CH0H)  +  H,03.  The  hydrogen  peroxide  acting 
on  ether  is  stated  to  form  more  vinyl  alcohol,  3(CH9CH3)30  -h 
9H,02  =  eCHj-CHOH  +  12H,0  +  O,.  It  would  be  out  of  place 
for  us  to  criticise  here  the  remarkable  conclusions,  chiefly  with 
reference  to  the  production  of  vinyl  alcohol,  which  aro  set  forth  in 
this  paper.  It  is  only  necessary  to  point  out  that  the  method 
of  purifying  ether  adopted  by  the  authors  would  serve  to  remove 
only  such  compounds  as  are  attacked  by  sulphurous  acid  or  combine 
with  phenylhydrazine,  and  are  more  soluble  in  water  than  in  ether. 

A  consideration  of  the  papers  published  by  Berthelot,  Richardson, 
and  by  Poleck  and  Thiimmei  shows  that,  while  all  these  observers 
assert  that  hydrogen  peroxide  may  be  formed  from  ether  under 
ordinary  atmospheric  conditions,  they  do  not  agree  as  to  the  precise 
circumstances  which  are  necessary  for  its  formation,  and  each 
attributes  the  alleged  effect  to  a  different  cause.  Berthelot  regards 
ether,  oxygen,  and  water  as  necessary  factors  in  the  reaction  which 
results  in  the  oxidation  of  the  ether  to  ethyl  peroxide  and  the  subse- 
quent decomposition  of  this  compound  by  water  to  form  hydrogen 
peroxide.  Richardson  considers  that  only  the  oxygen  and  water 
react  under  the  influence  of  light,  and  that  the  ether  takes  no  part  in 
the  chemical  change.  Poleck  and  Thiimmei  do  not  regard  the 
presence  of  water  as  a  necessary  condition  of  the  reaction,  ether, 
oxygen,  and  light  alone  being  required,  and  their  interpretation  of 
the  change  is  diametrically  opposed  to  that  offered  by  Berthelot  and 
also  to  that  suggested  by  Richardson,  which  are  likewise  opposed  to 
each  other. 

We  believe  that  this  extraordinary  conflict  of  opinion,  as  well  as  of 
experimental  evidence,  is  mainly  the  result  of  the  different  degrees  of 
impurity  of  the  ether  employed  by  these  observers.  Apparently  they 
have  not  suspected  that  the  formation  of  hydrogen  peroxide  might 
be  due  to  an  impurity  in  the  ether;  at  any  rate,  the  means  they 
adopted  to  purify  the  compound  are  insufficient  to  exclude  the  possi* 
bility  that  this  may  be  the  case. 

Moreover,  none  of  these  observers  alludes  to  a  paper  published 
by  us  in  1887  (Pharm,  /.,  17,  841),  in  which  are  recorded  the  results 
of  an  experimental  enquiry  into  the  nature  and  mode  of  forma- 
tion of  the  substance  possessing  oxidising  properties,  whioh  is  some- 
times observed  to  occur  in  ether.  At  the  time  when  this  enquiry 
was  commenced,  we  found  that  this  substance  had  been  variously 
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stated  to  be  ozone  or  hydrogen  peroxide.  Within  that  year  a  paper 
had  been  published  in  which  it  was  asserted  that  ozone  exists  in  the 
liquid,  bnt  no  conclasive  evidence  of  the  nature  of  the  oxidising  sub- 
stance had  hitherto  been  adduced.  It  is,  of  course,  highly  improb* 
able  that  ozone  can  exist  in  presence  of  ether. 

A  specimen  of  ether  was  procured  which  possessed  oxidising  pro- 
pei*ties,  and  liberated  iodine  from  potassium  iodide.  It  had  been 
prepared  from  methylated  spirit  and  was  manifestly  impure.  When 
this  ether  was  shaken  for  a  few  seconds  with  mercury  and  then 
removed  from  contact  with  the  metal,  it  was  still  found  to  liberate 
iodine  fi*om  potassium  iodide.  Had  ozone  been  present,  the  mercury 
would  at  once  have  destroyed  it.  The  oxidising  properties  of  the 
ether  were  immediately  destroyed  by  warming  it  with  aqueous  alkali, 
and  the  escaping  gas  contained  no  ozone.  After  prolonged  agitation 
with  mercury,  the  ether  no  longer  acted  on  potassium  iodide.  These 
results  pointed  to  the  absence  of  ozone  and  to  the  presence  of 
hydrogen  peroxide.  Conclusive  evidence  of  the  existence  of  hydrogen 
peroxide  in  the  liquid  was  obtained  by  the  formation  of  the  blue 
compound  with  chromic  acid. 

Experiments  were  next  made  on  the  mode  of  formation  of  the 
hydrogen  peroxide,  particularly  with  reference  to  its  formation  from 
pure  ether.  Ether  prepared  by  the  reaction  of  alcohol  and  sulphuric 
acid  was  employed  after  purification  by  repeated  agitation  with 
potash  solution  and  with  water.  The  relative  density  of  this  speci- 
men was  0'730  and  its  boiling  point  35°.  A  small  quantity  of  the 
ether  was  plaoed  in  a  large  colourless  bottle  and  exposed  to  daylight 
for  two  months.  No  hydrogen  peroxide  was  formed,  and  the  ether 
did  not  act  on  a  dilute  solution  of  potassium  iodide.  The  experiment 
was  repeated  with  a  mixture  of  ether  and  water,  but  again  no  hydro- 
gen peroxide  resulted.  In  order  to  determine  whether  oxygen  has  any 
action  on  ether,  8  litres  of  air  wei'e  very  slowly  passed  through  200  c.c. 
of  the  ether,  but  no  substance  capable  of  reacting  with  potassium 
iodide  was  formed.  The  experiment  was  repeated,  using  warm  ether 
saturated  with  water,  but  again  no  effect  was  produced.  In  another 
experiment,  oxygen  was  slowly  passed  through  ether  saturated  with 
water,  and  heated  to  Z0°  while  it  was  exposed  to  light.  More  than 
200  litres  of  oxygen  were  employed.  No  iodine-liberating  substance 
was  produced.  Lastly,  an  experiment  was  made  in  which  ether  and 
water  acidified  with  dilute  sulphuric  acid  were  used,  but  again  a 
negative  result  was  obtained. 

These  results,  published  by  us  in  1887,  are  directly  contradictory 
of  those  published  in  1889  by  Berthelot,  by  Richardson,  and  by  Poleck 
and  Thummel. 

Daring  the  course  of  th^se  experiments,  we  observed  that  some 
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specimens  of  ether,  prepared  £rom  alcohol  and  snlphnric  acid  and 
purified  by  the  nsual  method,  especially  after  they  had  been  kept  for 
some  time,  were  able  to  act  slowly  on  aqueous  potassium  iodide. 
The  total  amount  of  this  action  was  small,  and  it  was  proved  not 
to  be  occasioned  by  the  presence  of  hydrogen  peroxide,  since  the 
ether  did  not  react  with  chromic  acid  and  the  effect  was  not  appreci- 
ably diminished  by  agitation  with  silver  oxide,  whereas  a  dilate 
ethereal  solution  of  hydrogen  peroxide  is  instantly  decomposed  by 
contact  with  this  reagent.  At  first  we  were  inclined  to  believe  that 
Ferri6re's  contention  (/.  Pharm.  Ghint,  [4],  16,  107)  is  correct,  and 
that  pure  ether  actually  possesses  the  power  of  decomposing  aqneons 
pot>assium  iodide,  since  this  specimen  had  been  carefully  purified  and 
its  relative  density  and  boiling  point  were  those  of  the  pure  liquid. 
Further  investigation  showed,  however,  that  Ferri6re*s  conclusion  is 
erroneous,  since  it  was  observed  that  not  only  did  different  specimens, 
preserved  under  the  same  conditions,  vary  in  respect  of  the  amount 
of  their  action  on  potassium  iodide,  but  that  ether  prepared  by  the 
reaction  of  sodiam  ethoxide  with  ethyl  iodide  did  not  liberate  iodine. 
It  appeared,  therefore,  that  there  must  be  present  in  the  ether  a 
minute  quantity  of  some  impurity  formed  during  the  preparation  of 
ether  by  the  ordinary  method. 

At  this  time  we  were  prevented  by  the  pressure  of  other  work 
from  pursuing  the  subject  further,  but  at  the  beginning  of  last  year 
we  determined  to  continue  the  enquiry  by  repeating  some  of  the 
experiments  we  had  previously  made,  and  attempting  to  rid  ether  of 
the  minute  amount  of  impurity  to  which  we  have  referred. 

The  results  of  the  secoiid  series  of  experiments,  now  to  be  described, 
leave  no  room  for  doubt  that  pure  ether  does  not  form  hydrogen  per- 
oxide when  exposed  to  light  and  air  in  presence  either  of  water  or  of 
diluted  sulphuric  acid. 

Three  different  specimens  of  ether  were  subjected  to  the  action  of 
daylight.  They  had  been  prepared  and  purified  in  the  following 
manner. 

Ether  prepared  by  the  reaction,  under  pressure,  of  excess  of  sodium 
ethoxide  with  ethyl  iodide.  The  product  was  thoroughly  washed 
with  water,  dried,  and  distilled. 

Ether  prepared  by  the  reaction  of  alcohol  and  sulphuric  acid,  par* 
chased  as  "  pure  ether,"  was  farther  purified  by  agitating  it  sacces- 
sively  with  a  small  quantity  of  sulphuric  acid,  potash  solation,  and 
water.     After  having  been  dried  over  solid  potash  it  was  distilled. 

Ether  prepared  from  methylated  spirit  was  purified  in  exactly  the 
same  manner  as  the  previous  specimen. 

Of  the  three  specimens  thus  prepared  and  purified,  the  first  two  did 
not  in  the  least  affect  a  one  per  cent,  solution  of  potassium  iodide  or 
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react  with  dilate  chromic  acid.  The  third  specimen  afforded  a  very 
pale  yellow  col  oar  with  dilate  potassiam  iodide,  which  was  somewhat 
intensified  hy  the  addition  of  very  dilnte  snlplmric  acid,  hat  it  did 
not  afford  evidence  of  the  slightest  trace  of  hydi-ogen  peroxide  when 
tested  with  chromic  acid. 

We  have  ascertained  the  delicacy  of  the  characteristic  reaction  of 
hydrogen  peroxide  with  chromic  acid,  and  have  compared  its  delicacy 
with  the  potassiam  iodide  reaction.  20  c.c.  of  a  solntion  containing 
0*00125  gram  of  hydrogen  peroxide  in  100  c.c.  of  the  liquid  were 
mixed  with  a  few  drops  of  a  dilate  solntion'of  chromic  acid  (prepared 
hy  the  addition  of  dilate  sulphuric  acid  to  -a  one  per  cent,  solution  of 
potassium  dichromate),  and  shaken  with  20  c.c.  of  ether.  The  ether 
separated  from  the  liquid  of  a  pale-hlue  colour,  distinctly  recognis* 
ahle.  With  more  dilute  solutions,  the  blue  colour  was  only  indistinctly 
seen.  The  reaction  is  thus  shown  to  be  capable  of  revealing  the  pre- 
sence of  0*00025  gram  of  hydrogen  peroxide. 

In  testing  ether  for  hydrogen, peroxide,  care  has  to  be  taken  not  to 
add  a  large  excess  of  chromic  acid,  since  this  seriously  impairs  the 
delicacy  of  the  reaction.  One  or  two  drops  of  the  one  per  cent,  solution 
of  potassium  dichromate,  acidified  with  dilute  sulphunc  acid,  shoald 
be  added  to  about  20  c.c.  of  water,  and  the  liquid  shaken  with  about 
an  equal  volume  of  the  ether.  If  the  yellow  colour  of  the  aqueous 
liquid  disappears,  a  little  more  of  the  chromic  acid  must  be  added. 
It  is  important  to  observe  that  the  ether e<A  layer  which  separates 
is  blue,  and  not  merely  the  aqueous  liquid,  since  the  presence  in 
the  ether  of  an  easily  oxidisable  substance  will  lead  to  the  reduction 
of  the  chromic  acid  and  to  the  formation  of  a  greenish-blue  solntion 
of  a  chromium  salt.  20  c.c.  of  the  solution  in  which  the  hydrogen  per- 
oxide had  been  recognised  by  the  reaction  with  chromic  acid  were 
now  mixed  with  an  equal  volume  of  ether  and  the  same  quantity  of  a 
one  per  cent,  solntion  of  potassium  iodide.  After  a  few  seconds,  a  pale- 
yellow  colour  was  observed,  which  deepened  on  the  addition  of  dilute 
sulphuric  acid.  The  chromic  reaction  for  hydrogen  peix)xide  is  more 
satisfactory  than  that  with  potassium  iodide,  since  it  is  instantaneous ; 
a  dilute  neutral  solution  of  hydrogen  peroxide  acts  only  very  slowly 
on  a  solution  of  potassium  iodide,  and  acidified  potassium  iodide, 
although  it  reacts  more  rapidly,  cannot,  under  the  present  circum- 
stances, be  relied  on  as  a  test  foi*  hydrogen  peroxide,  since  certain 
organic  compounds  are  attacked  by  hydriodic  acid. 

About  100  c.c.  of  each  of  the  above-mentioned  three  specimens  of 
ether,  saturated  with  water,  were  placed  in  an  almost  colourless  (faintly 
greenish)  "Winchester  quart"  bottle  (holding  about  3  litres),  and 
exposed  to  daylight  for  two  months,  during  August  and  September,  so 
that  the  ether  was  subjected  to  much  sunlight.    The  temperature  varied 
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between  15 — 25**.  At  the  end  of  this  time,  each  specimen  was  tested 
with  (1)  one  per  cent,  aqneons  potassinm  iodide,  (2)  the  same  acidified 
with  dilate  sulphuric  acid,  and  (3)  dilate  chromic  acid.  The  resnlts 
are  recorded  in  the  accompanying  table  (preceding  pages).  The  ether 
prepared  from  sodiam  ethoxide  and  ethyl  iodide  did  not  react  with  any 
of  the  reagents ;  that  prepared  from  alcohol  and  snlphoric  aond  was  also 
unchanged,  but  the  specimen  prepared  from  methyhited  spirit  now 
contained  hydrogen  peroxide.  The  exposure  to  lighft  was-oontinued 
for  another  month,  when  the  specimens  were  again  tested.  The  ether 
prepared  from  ethyl  iodide  and  from  alcohol  were  still  unchanged ; 
the  specimen  prepared  from  methylated  spirit  had  developed  more 
hydrogen  peroxide,  and  now  liberated  much'  iodine  from*  potassium 
iodide,  and  yielded  a  fine  blue  colour  with  chromic  acid.  These 
experiments  prove  that  pure  ether  mixed  with  water  and  exposed  to 
light  does  not  develop  hydrogen  peroxide.  Under  the  same  condi- 
tions, ether  prepared  from  methylated  spirit,  purifi«d  by  the  usual 
process,  and  subsequently  with  sulphuric  acid  and  potash,  does 
develop  hydrogen  peroxide..  The  results  obtained  by  us  in  1887  are 
thus  confirmed. 

It  seemed  possible,  however,  that  sunlight  in  London,  deprived  to 
a  large  extent,  as  it  frequently  is,  of  ultra-violet  rays,  might  possibly 
be  incompetent  to  produce  the  effects  that  have  been  recorded  by 
previous  observers.  We  therefore  decided!  to  ascertain  the  result  of 
exposing  pure  ether  to  the  electric  arc  light.  We  also  wished  to 
discover  whether  ether  prepared  from  methylated  spirit  could  be 
purified  from  the  substance  which  causes  the  formation  of  hydrogen 
peroxide,  and  whether  the  minute  amount  of  iodine-liberating 
substance  could  be  removed  from  ether  prepared  in  the  usual 
manner.  For  this  purification  two  reagents  seemed  particularly  well 
adapted,  namely,  hydriodic  acid  and  chromic  acid ;  both  these  sub- 
stances slowly  decompose  pure  ether,  especially  when  concentrated. 

A  specimen  of  ether  prepared  from  methylated  spirit  and  purified 
in  the  manner  already  described  was  agitated  with  half  its  volume 
of  a  four  per  cent,  solution  of  hydriodic  acid.  Iodine  was  liberated  at 
once  and  abundantly.  The  treatment  was  continued  until  little 
immediate  action  occurred.  The  ether  was  shaken  with  aqueous 
sodium  thiosulphate  to  remove  free  iodine,  then  with  potash  solution, 
and  finally  with  water.  Another  portion  of  the  same  specimen  of 
ether  was  purified  by  repeated  agitation  with  a  four  per  cent,  solution 
of  potassium  dichromate  acidified  with  sulphuric  acid.  Chromic  acid 
of  this  strength  acts  very  slowly  on  pure  ether,  bat  immediately 
attacks  the  impure  liquid.  The  chief  product  of  the  action  of  chromic 
acid  on  ether  is  aldehyde,  and  in  case  any  of  this  substance  mieht 
have  been  formed,  the  ether,  after  it  had  been  separated  from  the 
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chromic  acid,  was  agitated  with  a  solution  of  sodium  hjdrogen  siiU 
phite,  then  with  water,  potash  solution,  and  finally  again  with  water. 
We  have  alluded  to  the  circumstance  that  some  specimens  of  ether 
prepared  from  alcohol,  and  purified  in  the  usual  manner,  were  found 
to  exert  a  feeble  action  on  potassium  iodide,  especially  after  they  had 
been  kept  for  some  time,  not  necessarily  in  the  light.  A  specimen 
of  such  ether  was  now  purified  with  chromic  acid  in  the  manner 
above  described. 

These  three  specimens  (numbered  4,  5,  and  6  in  the  table),  satu- 
rated with  water,  were  exposed  during  two  months  to  daylight,  and 
each  evening  to  a  large  electric  arc  light  for  a  period  amounting,  on 
an  average,  to  three  hours  nightly.  The  Winchester  bottles  contain- 
ing about  100  cubic  centimetres  of  each  specimen  were  placed  on  a 
level  with  the  arc  light  at  a  distance  of  about  1  jard.  The  tempera- 
ture varied  from  10 — 15".  At  the  same  time  the  three  specimens 
(numbered  1,  2,  and  3)  whose  behaviour  during  a  three  months' 
exposure  to  daylight  has  already  been  discussed,  were  subjected  to  the 
same  treatment,  as  were  also  three  other  specimens  (numbered  7,  9, 
and  10)  prepared  from  alcohol  and  purified  with  chromic  acid.  One 
of  these  specimens  (numbered  7),  saturated  with  water,  was  con- 
tained in  a  small  bottle,  which  it  completely  filled,  so  that  air  was 
absent ;  the  second  specimen  (numbered  9)  was  completely  dried  by 
prolonged  contact  with,  and  distillation  from  metallic  sodium ;  the 
third  specimen  (numbered  10)  was  mixed  with  water  containing  one 
per  cent,  of  sulphuric  acid.  All  these  liquids  were  exposed  to  day- 
light as  well  as  to  the  electric  light,  and  with  the  exception  of  7  were 
contained  in  "  Winchester  quart "  bottles  of  almost  colourless  glass. 
Another  specimen  of  the  same  ether  (numbered  8),  saturated  with 
water,  was  kept  in  the  dark.  There  was  also  exposed  to  light  with 
the  specimens  of  ether  a  quarter  of  a  litre  of  pure  water  acidulated 
with  one  per  cent,  of  pure  sulphuric  acid,  in  order  to  determine 
whether,  as  has  been  alleged,  hydrogen  peroxide  is  formed  under 
these  circumstances. 

The  results  of  the  examination  of  these  specimens  after  two  months' 
exposure  to  daylight  and  electric  light  are  recorded  in  the  table 
(p.  581). 

The  ether  prepared  from  ethyl  iodide  did  not  react  with  potassium 
iodide,  hydriodic  acid,  or  with  chromic  acid. 

The  ether  prepared  from  methylated  spirit  contained  an  increased 
amount  of  hydrogen  peroxide. 

The  ether  prepared  from  alcohol  and  purified  with  sulphuric  acid 
and  potash  reacted  faintly  with  potassium  iodide,  and  dopidedly  with 
hjdriodic  acid,  but  not  with  chromic  acid.  These  three  specimens 
had  now  been  exposed  to  daylight  for  five  months,  and  during  two 
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months  to  the  electric  light  for  three  hours  nijarhtly,  bat  no  hydrogen 
peroxide  had  formed  in  those  derived  from  ethyl  iodide  and  frorri 
alcohol;  that  prepared  from  methylated  spirit  alone  contained 
hydrogen  peroxide.  JVith  respect  to  the  other  specially  purified 
Rpecimens,  in  no  case  had  hydrogen  peroxide  been  formed,  neithei- 
had  it  formed  in  the  acidulated  water.  It  is  therefore  proved  that 
the  substance  capable  of  yielding  hydrogen  peroxide  may  be  removed 
from  impure  ether  by  the  action  either  of  hydriodic  acid  or  of 
ohromic  acid.  It  is  also  proved  that  the  addition  of  dilute  sulphuric 
acid  to  pure  ether  does  not  promote  the  formation  of  hydrogen  per- 
oxide, and  that  tbis  substance  is  not  produced  when  oxygen  and 
dilute  sulphuric  acid  are  exposed  to  light. 

We  consider  that  the  results  now  recorded  conclusively  demonstrate 
tbat  hydrogen  peroxide  cannot  be  formed  from  purified  ether  by 
exposing  it  to  light,  under  ordinary  atijiospheric  conditions,  in  contact 
with  air  and  water.  The  results  recorded  by  former  observers  mxtat 
have  been  due  to  the  employment  of  impure  ether.  Since  some  of 
these  observers  appear  to  have  worked  with  what  is  ordinarily  known 
as  "  pure  ether,"  which  presumably  is  not  prepared  from  methylated 
spirit,  it  would  seem  that  occasionally  ether  prepared  from  alcohol, 
if  not  purified  in  the  manner  we  have  described,  is  liable  to  contain 
a  substance  which  develops  hydrogen  peroxide. 

We  have  not  been  able  to  ascertain  the  nature  of  this  impurity, 
owing  to  the  circumstance  that  it  is  present,  together  with  other  sub- 
stancesy  in  very  small  quantity.  Of  the  impure  specimens  of  ether  we 
have  examined,  that  which  was  richest  in  hydrogen  peroxide  had 
been  for  many  years  exposed  to  light.  It  contained  only  0*04  per 
cent,  of  hydrogen  peroxide  as  determined  by  its  iodine-liberating 
power  in  an  acid  solution. 

II.  Action  of  Ozone  on  Ethor, 

Berthelot  has  observed  (Arm.  Ghim.  Phyg.  [5],  27,  229;  Oompt. 
rend,,  86,  71)  that  when  ozone  is  passed  into  ether,  ethyl  peroiide  is 
formed,  and  that  this  compound  reacts  with  water  to  produce 
hydrogen  peroxide.  Since  Berthelot  has  given  no  information  re- 
specting the  purity  of  the  ether  he  used,  it  seemed  to  be  important  to 
ascertain  whether  ozone  reacts  with  pure  ether  in  this  manner. 
Through  a  quantity  of  pure  ether  a  current  of  ozonised  oxygen  was 
passed  ;  the  escaping  gas  possessed  little,  if  any,  of  the  characteristic 
smell  of  ozone.  After  the  passage  of  the  gas  had  been  continued  for 
some  hours,  the  ether  was  shaken  with  water.  On  the  addition  of 
dilute  chromic  acid  to  the  mixture,  the  ether  separated  of  a  magnifi- 
cent blue  colour,  showing  that  a  considerable  quantity  of  hydrogen 
peroxide  had  been  produced. 
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It  appears  probable  that  ether,  like  turpentine,  is  capable  of  absorb- 
ing the  whole  molecale  of  ozone,  bat  we  have  not  farther  investigated 
this  question,  since  Mr.  Shenstone  has  expressed  a  wish  to  deal  with 
it  in  connection  with  the  investigation  he  is  making  of  the  properties 
and  reactions  of  ozone  prepared  from  pare  oxygen. 

III.  The  Slow  Ccmhustion  of  EtTier. 

It  is  well  known  that  when  ether  is  heated  with  a  limited  sapplj 
of  air,  a  pangent,  highly  irritating  substance  is  produced  which  has 
been  called  "  lampic  acid.*'  Legler  (Ber,,  14,  602 ;  Annaleny  211  y 
381)  has  investigated  the  nature  of  the  products  formed  under  these 
circumstances.  He  obtained,  besides  formic  aldehyde  and  other 
compounds,  a  crystalline  substance  to  which  he  assigned  the  formula 
CiiHs02i.  It  possesses  oxidising  properties,  but  it  is  doubtful  whether 
Legler  actually  obtained  hydrogen  peroxide  from  its  decomposition,* 
and  apparently  he  did  not  find  this  substance  among  the  products  of 
the  combustion.  Perkin  (Trans.,  1882,  363)  has  drawn  attention  to 
the  character  of  the  flame  which  is  observed  when  ether  undergoes 
this  change,  and  he  mentions  that  aldehyde  is  formed,  but  no  allusion 
is  made  to  hydrogen  peroxide. 

In  our  first  experiments  on  this  point,  air  was  drawn  through  pure 
ether  slightly  warmed,  and  the  air  charged  with  ether  vapour  was 
passed  into  a  tube  containing  pumice  heated  to  low  redness.  A 
lambent  flame  or  glow  was  observed  within  the  tube.  The  escaping 
vapours  were  condensed  in  cold  water.  This  aqueous  liquid,  which 
possessed  a  highly  pungent  odour  and  taste,  contained  no  hydrogen 
peroxide;  it  did  not  react  either  with  potassium  iodide  or  with 
chromic  acid.  Aldehyde  and  acetic  acid  were  the  chief  products  of 
the  action.  Other  experiments  were  made  with  oxygen  instead  of 
air,  and  the  same  result  was  obtained.  Further  observations  were 
made  with  a  form  of  apparatus  in  which  opportunity  was  afforded 
for  the  immediate  condensation  of  any  hydrogen  peroxide  that  might 
be  formed.  About  50  c.c.  of  pure  ether  were  placed  in  a  large  flask, 
together  with  about  the  same  quantity  of  water.  A  glass  rod  heated 
to  low  redness  was  repeatedly  introduced  into  the  upper  part  of  the 
flask,  so  that  it  locally  heated  the  air  immediately  above  the  liquid. 
The  contents  of  the  flask  were  agitated  from  time  to  time,  so  that  any 
hydrogen  peroxide  that  might  be  formed  would  be  dissolved  by  the 
cold  water.  This  process  was  continued  until  nearly  the  whole  of 
the  ether  had  disappeared.     The  remaining  liquid  contained  much 

•  In  the  abstract  of  Legler*8  paper  which  appeared  in  thia  Journal  (Abatr.,  1881, 
576), it  is  erroneously  stated  that  the  compound  reacts  with  alkalis  to  form  hydrogen 
peroxide.    Legler  states  that  hjdrogen  is  formed. 
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hydrogen  peroxide;  it  liberated  iodine  from  potassinm  iodide,  and 
afforded  a  fine  bine  colonr  with  chromic  acid.  It  was  fonnd  that  the 
most  convenient  form  of  apparatus  for  producing  hydrogen  peroxide 
by  the  slow  combustion  of  ether  consists  of  a  modified  DObereiner^s 
lamp,  to  which  fresh  supplies  of  air  could  be  constantly  admitted. 
A  large  flask,  containing  enough  ether  to  cover  the  bottom  and  about 
an  equal  quantity  of  water,  is  connected  with  a  wash-bottle  containing 
cold  water.  Through  the  cork  of  the  flask  there  passes  a  wide  tube,, 
open  at  both  ends,  through  which  air  is  admitted,  a  spiral  of  stont 
platinum  wire,  and  an  elbow  tube  which  is  joined  to  the  wash-bottle. 
By  means  of  an  aspirator  connected  with  this  bottle,  a  current  of  air 
is  drawn  through  the  wide  tube  into  the  flask.  The  spiral  is  heated 
to  redness  and  plnnged  into  the  flask,  the  current  of  air  being  so- 
regulated  that  the  platinum  is  maintained  at  a  low  red  heat.  From 
time  to  time  the  flask  is  shaken.  Hydrogen  peroxide  is  continuously 
formed,  and  when  the  ether  has  nearly  disappeared,  a  considerable 
quantity  will  be  found  in  the  remaining  water,  while  some  can  be  de- 
tected in  the  water  of  the  wash-bottle.  In  this  process  of  oxidation, 
although  the  oxygen  of  the  air  is  almost  entirely  consumed,  little  or  no* 
carbon  dioxide  is  produced.  The  simplest  interpretation  of  the  change 
appears  to  be  that  the  reaction  is  similar  to  that  which  occurs  when 
ozone  reacts  with  ether  in  presence  of  water.  At  a  low  red  heat  the 
ether  forms  a  peroxidised  product  which  is  decomposed  by  water  with 
the  production  of  hydrogen  peroxide.  It  seems  to  be  unnecessary  to* 
suppose  that  the  atmospheiio  oxygen  is  actually  ozonised  before 
it  peroxidises  the  ether.  The  alternative  hypothesis  is  that  under 
the  conditions  of  the  experiment  water  is  directly  oxidised,  but  there 
is  no  experimental  justification  for  this  view.  We  find  that  neither 
water  nor  dilute  sulphuric  acid  forms  hydrogen  peroxide  when 
heated  with  air  in  the  manner  above  described,  and  we  have  likewise 
failed  to  observe  its  formation  during  the  evaporation  of  water  in  air. 
We  have  not  been  able  to  form  hydrogen  peroxide  by  the  slow  com- 
bustion of  acetone,  alcohol,  ethylene,  or  coal  gas. 

Summary, 

Hydrogen  peroxide  is  not  formed  when  pure  ether  is  exposed  to 
light  in  contact  with  air  either  in  presence  or  absence  of  water. 

Some  specimens  of  ether,  notably  those  prepared  from  methylated 
spirit,  develop  hydrogen  peroxide  when  kept,  unless  they  have  been 
previously  purified  by  repeated  treatment  with  dilute  chromic  acid. 

Ozone  reacts  with  pure  ether,  and  the  product,  when  mixed  with 
water,  yields  hydrogen  peroxide. 

The  imperfect  oxidation  of  pure  ether  effected  by  locally  heating  it 
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in  air  leads,  when  water  is  present,  to  the  production  of  hydrogen 
peroxide. 

Hydrogen  peroxide  is  not  formed  bj  the  action  of  light  on  water 
and  oxygen  even  in  presence  of  dilate  sniphnric  acid ;  neither  is  ic 
produced  nnder  similar  conditions  when  the  oxygen  or  the  water  is 
heated. 

Begearch  Laharcdory^ 

FharmaceuticdL  Society  of  Qreai  Britcm. 


XXXVI. — Note  on  the  jpreparaticn  of  PyrocatechoL 

By  W.  H.  Pekkin,  Jnn.,  Ph.D. 

In  the  course  of  some  experiments  on  derivatiyes  of  pyrocatechol,  my 
Attention  was  drawn  to  the  high  price  of  this  substance  (Kahlbaum's 
price  is  48.  for  10  grams),  and  it  appeared  very  desirable  to  endeavour 
to  find  some  method  by  which  this  important  product  miglit  be 
readily  and  cheaply  prepared.  Although  this  phenol  is  so  expensive, 
its  methyl  ether  guaiacol  can  be  obtained  for  20«.  per  kilo,  and  less ; 
and  experiments  were  therefore  instituted  with  the  object  of  ascer- 
taining whether,  under  suitable  conditions,  a  good  yield  of  pyro- 
catechol  might  be  obtained  from  guaiacol. 

Baeyer  {Ber.^  8, 153)  has  shown  that  pyrocatechol  may  be  obtained 
by  saturating  guaiacol,  heated  at  195 — 200°,  with  hydrogen  iodide, 
and  fractionating  the  product,  but  the  yield  obtained  is  small.  By 
slightly  modifying  the  conditions,  that  is,  by  using  a  solution  of 
hydrogen  iodide  instead  of  the  gas,  I  have  found  that  an  almost 
quantitative  yield  of  pyrocatechol  may  be  readily  obtained. 

The  details  of  this  method  will  be  readily  understood  with  the 
help  of  the  following  sketch  of  the  apparatus  employed,  which  was 
suggested  by  that  of  the  one  described  by  Zeisel  for  use  in  his  ex- 
periments on  the  determination  of  methoxyl-groups  (Monats.,  6,  995). 

A  is  a  fiask  of  about  750  c.c.  capacity,  suspended  in  an  oil-  or 
glycerol-bath. 

B  is  a  condenser  through  which  water,  heated  to  60^,  is  allowed  to 
circulate. 

The  condenser  C  is  kept  well  cooled  with  water. 

At  the  commencement  of  the  operation  a  solution  of  100  grams  of 
guaiacol  in  150  grams  of  fuming  hydriodic  acid  (sp.  gr.  1*96)  is 
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placed  in  the  flask  A,  which  is  then  fitted  firmly  to  the  condenser  B, 
and  very  gradnally  heated  to  hoiling.  In  a  short  time  ahnndance  of 
methyl  iodide  is  given  off,  and  this,  after  passing  through  B,  condenses 


in  C,  and  collects  in  the  flask  D,  which  should  contain  a  little  water  and 
be  kept  cold.  The  mixture  is  gently  heated  for  one  hour,  allowed  to 
cool  slightly,  mixed  with  more  hydriodic  acid  (50 — 75  g^ms),  and 
heated  as  before  for  one  hour.  It  was  found  that  lOI  grams  of 
slightly  moist  methyl  iodide  had  distilled  over,  whereas  theory 
requires  114  grams. 

The  product  of  the  reaction  was  mixed  with  three  tinies  its  volume 
of  water,  extracted  six  times  with  ether,  the  ethereal  solution  washed 
with  a  little  water,  decolorised  with  a  little  sulphurous  acid,  and 
dried  over  calcium  chloride  Tlie  ether  was  then  distilled  off,  and  the 
residual  dark-coloured  oil  purified  by  rapid  fractionation.  As  soon  as 
the  last  traces  of  ether  had  passed  over,  the  thermometer  rose  at  once 
to  230°,  between  which  temperature  and  255°  the  whole  distilled  as  a 
colourless  oil  which,  on  cooling,  solidified  to  a  hard  cake  of  crystals  of 
pyrocatechol.  The  yield  obtained  was  85  grams  or  96  per  cent,  of 
the  theoretical. 

In  order  to  further  purify  this  product,  it  was  melted,  poured  into 
100  c.c.  of  boiling  benzene,  and  the  solution  allowed  to  stand  over 
night.     The  crystals  were  drained,  washed  with  a  little  benzene, 
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dried  on  a  porous  plate  over  sulphuric  acid,  and  analysed  with;  the 
following  result : — 

0*1749  gram  substance  ga^e  0*0900  gram  H2O  and  0*4211  gram 
CO,. 

Theory. 

CgH4(OH)2.  Pound. 

C 66-45  65-60 

H 5*45  572 

0 2909  28-68 

The  substance  melted  at  104^,  and  possessed  all  the  properties  of 
pyrocatechol. 

The  crystals  obtained  weighed  63  grams,  without  taking  into 
account  what  remained  in  the  mother  liquor. 

While  engaged  on  this  subject,  experiments  were  made  on  the 
action  of  hydrochloric  acid  on  guaiaco).  As,  however,  guaiacol  is 
almost  insoluble  in  hydrochloric  acid,  simple  boiling  did  not  appear 
to  produce  much  effect  on  the  oil ;  but  decomposition  readily  sets  in 
if  the  liquids  are  heated  together  under  pressure.  30  grams  of  guaiacol 
and  50  c.c.  of  ordinary  concentrated  hydrochloric  acid  were  heated 
in  a  sealed  tube  for  four  hours  at  170 — 180°.  The  tube,  after  cooling, 
w&s  wrapped  in  a  cloth,  inverted,  the  capillary  inserted  into  a  flask, 
and  broken  at  the  tip ;  in  this  way  the  whole  contents  were  readily 
transferred  to  the  flask ;  otherwise,  owing  to  the  pressxire  in  the  tube 
and  the  tendency  of  the  liquid  to  froth,  loss  can  scarcely  be  avoided. 

The  product  was  mixed  with  water,  extracted  with  ether,  the 
ethereal  solution  dried  over  calcium  chloride,  evaporated,  and  the 
residual  oil  fractionally  distilled.  Almost  the  whole  quantity  passed 
over  between  230°  and  255°  as  a  colourless  oil  which  solidified  com- 
pletely on  cooling,  and  consisted  of  almost  pure  pyrocatechol.  This 
method  could  no  doubt  be  successfully  carried  out  in  digesters,  and  if 
the  yield  is  as  good  as  when  hydriodlc  acid  is  used,  pyrocatechol 
should  be  readily  made  at  comparatively  small  cost. 

JBeriot  Watt  College, 

Edinburgh. 
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XXX  VJLL. — Nitrogen  Trioxide  and  Peroxide. 

By  W.  Ramsay,  Ph.D.,  F.R.S. 

Ik  1888,  I  showed  that  the  moleonlar  weight  of  liquid  nitrogen 
tetroxide  at  about  17^  corresponded  to  the  formula  NsOa,  as  deter- 
mined hy  the  lowering  of  the  freezing  point  of  dry  acetic  acid.  The 
numbers  obtained  varied  between  90*3  and  95*9 ;  the  calculated 
molecular  weight  of  NjO*  being  92  (Trans.,  53,  621). 

The  present  paper  treats  of  (1)  the  preparation  of  the  tetroxide ; 
(2)  the  preparation  of  the  trioxide ;  (3)  the  physical  properties  of 
the  tetroxide — ^its  melting  point,  its  molecular  lowering  of  meldng 
point,  and  its  heat  of  fusion;  (4)  the  molecular  weight  of  the 
trioxide,  determined  by  the  lowering  of  the  melting  point  of  the 
tetroxide  by  dissolved  trioxide ;  and  (6)  some  of  the  properties  of 
the  trioxide. 

1.  Preparation  of  fhe  Tetroxide. — The  well-known  method  of  dis- 
tilling arsenic  trioxide  with  nitric  acid  yields  a  green  liquid  consist- 
ing of  a  variable  mixture  of  tetroxide  and  trioxide.  The  equation 
AsaO,  +  2HN0,  =  2HAs08  +  NA  doubtless  expresses  the  f unda- 
mental  change  which  occurs.  But  the  trioxide,  being  incapable  of 
existence  as  gas,  splits  into  peroxide,  NOs,  and  nitric  oxide,  NO,  and, 
on  condensation,  part  of  the  peroxide  condenses  as  tetroxide,  N1O4, 
while  nitric  oxide  escapes.  The  reaction  is  farther  modified  by  the 
decomposing  action  of  the  water  of  the  nitric  acid  on  the  trioxide. 
And,  lastly,  the  nascent  trioxide  may  be  supposed  to  react  with  nitric 
acid,  thus :— 2HNO3  +  NjOj  =  2Na04  +  HaO.  But  this  reaction 
yields  water,  which  exerts  a  decomposing  action  on  the  peroxide  and 
on  the  trioxide.  The  general  result  of  all  these  simultaneous  actions 
is,  therefore,  to  yield  a  mixture  of  peroxide  and  nitric  oxide,  which 
partly  combine  to  form  trioxide  on  condensation. 

If  sulphuric  acid  be  added,  so  as  to  withdraw  water,  the  yield  of 
peroxide  is  increased,  but  much  of  the  nitrogen  remains  in  combina- 
tion with  the  sulphuric  acid  in  some  such,  form  of  combination  as 
hydrogen  nitrosyl  sulphate,  which  is  not  readily  decomposed  by  heat 
in  presence  of  excess  of  strong  oil  of  vitriol.  The  yield  is,  therefore, 
a  poor  one. 

The  process  may  be  modified  by  heating  a  mixture  of  arsenic  tri- 
oxide and  sulphuric  acid  to  about  200**  in  a  retort,  and  adding  strong 
nitric  acid  very  slowly  through  a  separating  funnel,  the  tube  of 
which  passes  to  the  bottom  of  the  retort ;  each  drop  occasions  a  brisk 
evolution  of  peroxide,  which  distils  over.     But  here  a  curious  colour- 
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change  oc cars  for  which  I  am  unable  to  snggest  an  explanation.  The 
first  few  drops  of  nitric  acid  change  the  contents  of  the  retort  to  a  dark 
bine-green  colour ;  the  addition  of  a  little  more  converts  the  green 
into  orange-red,  and  peroxide  is  evolved.  If  time  be  given  for  the 
evolution  of  bubbles  to  cease,  the  colour-change  maj  be  again  pro- 
duced. 

By  this  means  a  pure  orange-red  liquid  may  be  produced  which 
merely  req  aires  distillation  to  be  perfectly  pure  peroxide.  The  yield 
here  is  also  disappointing,  for  much  nitrogen  remains  with  the  sal- 
phuric  acid. 

An  easier  method  of  preparation  is  to  procure  the  blue-green  liquid, 
consisting  of  trioxide  and  peroxide,  by  the  usual  method  of  distilling 
arsenic  trioxide  and  nitric  acid,  and  then  to  add  it  to  a  mixture  of 
strong  nitric  acid  with  a  large  quantity  of  phosphorus  pentoxide, 
care  being  taken  to  keep  the  nitric  acid  cold  with  ice  during  the 
gradual  addition  of  the  pentoxide.  On  adding  to  this  mixture  the 
blue  li  quid,  and  shaking,  the  colour  changes  at  once  to  orange.  The 
reaction  obviously  takes  place : — 

NaO.  +  NA  =  2N,04. 

It  is  thus  easy  to  convert  trioxide  into  tetroxide.  The  tetroxide  is 
poured  away  from  the  syrupy  mixture  and  distilled.  The  same  mix- 
ture of  phosphorus  pentoxide  and  nitric  acid  may  be  used  again  and 
again  to  convert  fresh  quantities  of  trioxide  into  tetroxide. 

2.  Prqf>aration  of  the  Trioxide. — The  trioxide  of  nitrogen  cannot  be 
obtained  pure.  It  is  easily  produced  by  passing  a  current  of  nitric 
oxide  into  cold  tetroxide.  The  mixture  soon  turns  dark  blue,  and 
then  consists  of  a  mixture  of  tetroxide  and  trioxide.  It  was  shown 
by  Mr.  Cundall  and  myself  (Trans.,  47,  677)  that  the  first  portions 
of  gas  boiling  off  such  a  mixture  have  the  composition  expressed  by 
t  he  formula  N^Oa,  and  that  this  mixture  possesses  the  density  cal- 
culable for  such  a  mixture  in  molecular  proportions  of  NO  + 
(NOa  -i:  N2O4).  The  liquid  remaining  after  a  quantity  of  this 
mixture  had  been  distilled  off  was  green  in  colour,  and  approximated 
closely  in  composition  and  density  to  (NO2  +  NjOi). 

3.  Physical  Properties  of  the  Tetroayide  — (a.)  Melting  Point. — The 
melting  point  of  nitrogen  tetroxide  is  given  as  —9°  by  old  observers  ; 
Deville  and  Troost  (Compt.  rend.,  64,  257)  give  it  as  —10**.  As  a 
mean  of  four  concordant  experiments,  in  two  of  which  different 
samples  were  employed,  the  supercooled  liquid  rose  to  — 10'14°  on 
solidification ;  the  temperature  given  by  Deville  and  Troost  is,  there- 
fore,  substantially  accurate. 

(5.)  Molecular  Depression  of  Melting  Point, — This  constant  is  ascer- 
tainable from  the  depression  in  the  melting  point  of  nitrogen  tetr- 
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oxide,  produced  by  dissolred  snbstances.  Two  experiments  were 
made  in  which  chlorobenzene  and  chloroform  were  employed.  These 
are  among  the  few  available  and  unobjectionable  snbstances  which 
are  not  acted  on  by  nitrogen  tetroxide.  Owing  to  the  ease  with 
which  nitric  peroxide  attacks  cork  and  indiambber,  their  presence 
had  to  be  avoided.  The  apparatus  consisted  of  a  small  bottle  of 
about  30  c.c.  capacity,  into  which  a  delicate  thermometer,  arbitrarily 
graduated,  but  in  which  each  division  of  the  scale  corresponded  to 
rather  more  than  a  tenth  of  a  degree,  was  ground,  t<)  serve  as  a 
stopper.  The  range  of  this  thermometer  was  between  -|-5*  and  —20**. 
It  was  standardised  by  comparison  with  a  special  thermometer,  con- 
structed by  Mtiller,  of  Bonn,  the  accuracy  of  which  had  been  ascer- 
tained by  using  it  to  determine  the  vapour  pressures  of  water  at  low 
temperatures.  As  the  scale  of  the  standard  thermometer  did  not  show 
temperatures  below  —4**,  lower  temperatures  on  the  thermometer  with 
arbitrary  degrees,  were  obtained  by  extrapolation.  It  was  often  veiy 
difficult  to  cause  the  tetroxide  to  freeze.  The  bottle,  with  weighed 
contents,  was  cooled  in  a  dry  test-tube,  placed  in  a  freezing  mixture 
of  crushed  ice  and  hydrochloric  acid,  the  temperature  of  which  was 
often  as  low  as  —27°  :  and  it  was  usually  only  after  the  most  vigor- 
ous shaking  that  solid  formed,  and  the  temperature  rose  to  the 
melting  point.  It  often  happened,  in  spite  of  the  thermometer  serving 
as  a  stopper  fitting  the  bottle  as  well  as  grinding  could  make  it, 
that  leakage  occurred  on  shaking,  and  the  experiment  had  to  be 
again  begun.  It  was  impossible  to  use  a  lubricant,  because  all  such 
substances  are  attacked  by  nitrogen  tetroxide. 

Having  ascertained  the  freezing  point  of  the  peroxide  before  each 
experiment,  an  approximately  measured  volume  of  chloroform  or  of 
chlorobenzene  was  added,  and  thermometer  and  bottle  again  weighed. 
The  details  of  the  two  experiments  are  as  follows  : — 

I.  Tetroxide  taken,  17*3046  grams. 

Chloroform  added,  05269  gram  =  3*045  per  100  NjO*. 
Freezing  point,  — 11'2*;  depression  —  1*06°. 
Depression  for  1  part  of  chloroform  per  100  of  tetroxide,  0*35**. 
Depression  per  molecule  chloroform,  0*35  X  119'4  s=  41*0^. 

II.  Tetroxide  taken,  16*7650  grams. 

Chlorobenzene  added,  0*4931  gram  =  2*941  parts  per  100  NtO«. 

Freezing  point,  — 11'23**;  depression,  1*09**. 

Depression  for  1  part  of  chlorobenzene  per  100  of  tetroxide, 

0-37°. 
Depression    per  molecule    chlorobenzene,    0*87  x  112*4  = 

41*66*'. 
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The  molecnlar  depression  may,  therefore,  be  taken  as  41. 

Baonlt  found,  in  many  of  his  experiments,  that  the  molecular  de- 
pression, divided  by  the  molecular  weight  of  the  solvent,  gave  a 
constant  approximating  to  0'63. 

This  number  was  obtained  with  formic  and  acetic  acids,  with 
benzene,  with  nitrobenzene,  and  with  ethylene  bromide;  but  not  with 
water.  And  it  must  be  remembered  that  but  few  solvents  have  been 
experimented  with. 

The  molecular  depression  of  nitrogen  tetroxide,  therefore,  divided 
by  0*63,  should  approximate  to  its  molecular  weight,  if  this  substance 
agrees  with  the  majority  of  those  investigated  by  Baoult.  Applying 
this  rule,  we  have  41/0*63  =  65.  This  number  does  not  agree  with 
the  molecular  weight  of  the  tetroxide,  as  determined  by  myself  in 
1888 ;  and  the  want  of  concordance  led  me  to  suspect  the  accuracy  of 
the  determinations  with  chloroform  and  chlorobenzene. 

But  instead  of  repeating  such  determinations,  a  better  check  is 
obviously  suggested  by  the  following  considerations : — 

The  heat  of  fusion  of  a  substapce  may,  according  to  Van't  Hoff 
(Phil.  Mag,  [5],  26,  88),  be  calculated  from  the  molecular  depression 
of  its  freezing  point  by  dissolved  substances.  Let  T  be  the  freezing 
point  of  the  solvent,  t  the  molecular  depression,  and  W  the  heat  of 
fusion;  then 

^,0-02T« 

Substituting  for  T,  262-86'*,  the  freezing  point  of  the  tetroxide  on 
the  absolute  scale,  and  for  t,  41  0,  the  molecular  depression,  we 
have — 

W  =  OO^xJ^O^  =  33-7  calories. 
41 

Now,  if  the  heat  of  fusion,  determined  directly,  corroborates  this 
calculated  number,  it  proves,  indirectly,  the  correctness  of  the  mole- 
cular depression,  and  affords  a  check  on  the  anomaly,  whereby  the 
quotient  41/0*63  =  65  is  obtained  instead  of  92,  the  true  molecular 
weight. 

Heat  of  Fusion  of  Nitrogen  Tetroxide  — The  method  of  ascertaining 
this  constant  was  the  usual  one.  A  weighed  amount  of  teti'oxide  was 
placed  in  the  small  bottle  before  mentioned,  the  stopper  of  which  was 
a  delicate  thermometer.  The  tetroxide  was  then  frozen  and  trans- 
ferred to  a  calorimeter,  the  fall  of  temperature  of  the  water  being 
noted.  The  specific  heat  of  the  liquid  was  ascertained  by  noting  the 
fall  of  temperature  produced  on  placing  the  bottle  containing  a 
known  weight  of  liquid  tetroxide  in  the  cakrimeter.  The  capacity 
for  heat  of  the  bottle  was  then  ascertained ;  and  from  two  experi- 
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ments  of  the  kind  an  estimation  was  made  of  the  specific  heat  of  the 
fiolid  tetroxide. 

The  last  datam  is  difficult  to  determine  with  accaracy;  I  have 
considered  it  sufficient  to  show  that  it  does  not  materially  a£Eect  the 
results. 

The  numerical  data  are  as  follows : — 

(1.)  Total  heat— 

I.  n. 

Tetroxide  taken 7'9315  grams        7*5635  grams. 

Rise  of  temperature 3304''  32*23** 

Heat  ahsorbed 428*5  cals.  402*0  cals. 

Heat  capacity  of  bottle  • .     0*212  cal.  per  degree. 

(2.)  Specific  heat  of  liquid  detroxide — 

I.  11. 

Tetroxide  i;aken 7*9315  grams  7*9315  grams. 

Rise  of  temperature 22*29''  16*48* 

Total  heat  per  degree  of 

N,04  and  bottle —3*964  cals.  —3*753  cals. 

Deducting  capacity  for  heat  of  bottle,  and  dividing  by  weight. 

Specific  heat  of  liquid  tetroxide,    0*4730  0*4464 

Mean 0*46 

(3.)  From  the  total  heat,  the  heat  capacity  of  the  liquid  tetroxide 
is  subtracted — 

It  amounts  to 84*6  cals.  81*2  cals. 

Also  heat  capacity  of  bottle  ....        7*2     „  6*8    „ 

The  remainder  is 336*7    „  3140     „ 

The  specific  heat  of  the  solid  tetroxide  may  be  formed  by  a  simul  - 
taneous  equation;  it  is  approximately  1*0.  But  this  number  is 
obviously  too  high ;  moreover,  the  probability  of  its  being  correct  in 
very  small,  because  it  is  obtained  from  the  difference  between  the 
temperatures  —19*98°  and  —1903'*.  Assuming  its  correctness,  how- 
ever, the  heat  of  fusion  of  the  solid  tetroxide  is  32*6.  The  number 
calculated  from  the  molecular  lowering  of  the  temperature  is  33*7  ; 
and  the  agreement  is  a  very  close  one.  Supposing,  however,  that  the 
specific  heat  of  the  solid  were  identical  with  that  of  liquid,  viz., 
0*46,  the  heat  of  fusion  would  be  38*0  from  the  first  experiment, 
and  from  the  second,  36*4  calories.  To  take  an  extreme  case:  suppose 
the  specific  heat  of  the  solid  to  be  zero,  the  heat  of  fusion  would  be, 
in  the  first  case,  42*4,  and  in  the  second,  41*5  calories. 

Now,  let  us  apply  the  last  extreme  supposition  to  the  molecular 
depression  of  the  melting  point  of  the  solid  tetroxide,  in  order  to  see 
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ifvhetber,  on  the  hypothesis  that  the  heat  of  fosion  is  42  calories,  a 
quotient  such  as  Raonlt  found,  viz.,  0*63,  can  be  obtained.  The 
formula  will  become — 

002  X  69094       QQ 
*  = 42 =^^' 

when  X  is  the  molecular  depression  of  the  freezing  point;  and 
dividing  33  hj  0*63,  the  molecular  weight  of  the  peroxide  would  be 
52,  instead  of  the  number  found,  65.  This,  it  is  seen,  is  a  still  less 
probable  result,  when  the  other  evidence  in  favour  of  the  molecular 
weight  92  for  the  tetroxide  is  considered,  viz.,  its  colour,  its  vapour- 
density,  and,  lastly,  my  previous  determinations  where  acetic  acid  was 
employed  as  solvent.  Nitrogen  tetroxide,  therefore,  appears  to  be 
another  exception  to  the  rule  that  the  quotient  obtained  by  dividing 
the  molecular  depression  by  the  molecular  weight  is  0*63.  It  would 
be  interesting  to  study  this  point  further,  but  nitrogen  tetroxide  is 
hardly  the  substance  which  one  would  select  for  experiment,  as  such 
determinations  are  exceedingly  difficult,  and  demand  no  ordinary 
patience  and  skill. 

4.  Tlie  Molecular  WeigM  of  Nitrogen  Trtoxide. — ^There  appears  to 
be  no  reason  to  reject,  as  a  solvent,  a  substance  which  shows  abnormal 
results  such  as  those  of  nitrogen  tetroxide.  Many  valuable  determin- 
ations of  molecular  weights  have  been  made  with  the  use  of  water  as 
solvent,  though  the  molecular  weight  of  water  itself,  determined  by 
the  help  of  other  solvents,  leads  to  very  abnormal  and  contradictory 
results.  Hence,  an  attempt  was  made  to  determine  the  molecular 
weight  of  nitrogen  trioxide  by  dissolving  a  known  weight  of  the 
latter  in  nitrogen  tetroxide  (or  rather,  by  converting  a  known  weight 
of  tetroxide  into  trioxide  by  means  of  a  current  of  nitric  oxide),  and 
then  ascertaining  the  depression  in  the  freezing  point  of  the  tetr* 
oxide  caused  by  the  addition. 

This  solvent  offers  peculiar  advantages.  I  have  made  previous 
attempts  to  determine  the  molecular  weight  of  the  trioxide  by  using 
perfectly  dry  acetic  acid  as  solvent;  but  with  no  avail,  for  the 
trioxide  is  so  unstable  that  it  decomposed  during  the  experiment.  But 
as  the  tetroxide  is  one  of  the  products  of  dissociation  of  the  trioxide, 
if  it  is  possible  to  determine  the  constant  in  any  way,  this  is  the 
obvious  one;  for,  in  presence  of  tetroxide,  the  trioxide  attains  its 
greatest  stability.  Moreover,  the  freezing  point  of  the  tetroxide  is  so 
low  that  the  stability  of  the  trioxide  is  favoured. 

This  constant  is  peculiarly  interesting  in  view  of  Dr.  Thorpe's 
recent  discovery,  that  the  corresponding  compound  of  phosphorus, 
like  those  of  arsenic  and  antimony,  is  represented  by  the  formula 
P^Of,  and  not  by  PaO»,  as  formerly  supposed.    It  is  true  that  nitrogen 
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does  not  belong  to  the  same  vertical  tow  of  the  periodic  table  as 
phosphoras ;  yet  the  oomponnds  of  these  two  elements  show  much 
similarity ;  and  the  peroxide  of  nitrogen  polymerises  into  the  tetr- 
oxide ;  hence,  it  appeared  possible  that  the  so-called  trioxide  might 
really  turn  out  to  be  tetranitrogen  hexoxide. 

The  method  of  preparing  the  trioxide  was  to  pass  a  current  of  dry 
nitric  oxide  through  a  weighed  amount  of  the  tetroxide  contained  in  & 
cooled  U"^^^®»  ^iitil  the  colour  became  dark  blue.  The  y -tube  was 
then  sealed,  allowed  to  gain  the  temperature  of  the  laboratory,  and 
then  weighed.  From  the  gain  in  weight,  the  amount  of  NjOj  in 
solution  was  calculated.  The  y -tubes  and  experimental  bottle  were 
then  cooled  to  —20°  ;  the  contents  of  the  U-tube  were  transferred  ta 
the  bottle,  and  the  U-tube  was  again  sealed  and  weighed.  That  the 
composition  is  really  that  expressed  byN"2i»03H,  is  proved  by  analyses 
by  Gay-Lussac,  by  Tritsche,  and  by  P^ligot,  besides  by  the  analysis 
of  first  portions  of  distillate,  by  Mr.  Cnndall  and  myself,  previously 
referred  to.  Hence,  the  determinations  to  be  given  really  decide  the 
molecular  weight  of  this  substance,  and  not  that  of  nitric  oxide, 
which,  of  coui^se,  can  also  be  dednced  from  them. 

The  numerical  results  are  as  follows  : — 

I.  II.  ni. 

grams.  grams.  grams. 

Nitrogen  tetroxide  taken  ....  18-1482  19-2445  22-5910 
Gain  on  passing  nitric  oxido. .        01063           01500  0*3092 

Corresponding  to  trioxide 02693  0*3800  0*7833 

Containing  peroxide,  NO, 0*1630  0*2300  0*4741 

The  total  tetroxide  is  thus  re- 
duced to  17-9852  190145  221161> 

I.  II.  ni. 

parte.  parts.  parts. 

Trioxide  per  100  of  tetroxide  .       1497  2000  3542 

I.  II.                III. 

Freezing  point  of  mixture —10*91^  — 11-18*'  —11*83'' 

Depression 0*77^  104°             169*' 

Depression  for  1  part  trioxide 

per  100  tetroxide 0514''  0*520^           0-477'* 

Molecular  weight  of  trioxide . .      80*9  81*0               92*7 

The  calculated  molecular  weight  of  N^Oa  is  760;  hence  the 
trioxide  appears  to  show  little,  if  any,  tendency  to  form  complex 
molecular  gronpings  similar  to  ihose  of  P4O6,  AsiOe,  and  Sb40e,  with 
ft  percentage  of  from  1*5  to  2*0  per  cent,  in  the  solvent.  Possibly  the 
higher  result,  when  3*5  per  cent,  was  present,  may  be  due  to  poly- 
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TOcmatioD,  bnt  it  is  not  a  large  error»  when  the  diflScnlties  of  experi- 
ment are  considered.  It  woald  have  been  desirable  still  further  to 
increase  the  percentage  of  trioxide  ;  but,  if  this  is  done,  the  difficulties 
of  handling  become  very  great,  because  the  tendemcj  of  the  trioxide 
to  evaporate  and  decompose  is  greatly  increased.  Moreover,  it  is  not 
easy  at  —20**,  the  temperature  employed,  to  cause  the  trioxide  to 
absorb  more  nitric  oxide,  except  under  pressure. 

It  may,  therefore,  be  concluded,  that,  so  far  as  these  experinients 
go,  the  formula  of  'the  trioxide  is  really  expressed  by  its  name. 
Whether,  on  attaining  a  higher  concentration,  polymerisation  would 
j-esult  cannot  be  easily  decided ;  and  it  must  be  borne  in  mind  that 
any  large  increase  in  percentage  would  bring  into  play  other  forces 
which,  of  themselves,  produce  abnormal  results. 

6.  Some  of  the  Broperties  of  the  Tvioxide, — The  trioxide  does  not 
fiolidify  even  at  —90*.  This  was  proved  by  saturating  tetroxide  with 
citrii3  oxide  at  —20**  in  a  "test-tube,  and  cooling  the  mixture  by 
placing  it  in  liquid  nitrous  oxide.  A  mass  of  crystals  was  obtained, 
apparently  deep-blue,  but  it  ^vas  possible,  by  means  ef  a  suitable 
rod,  to  squeeze  out  from  them  a  blue  liquid,  leaving  the  crystals  of  a 
mudli  paler  colour.  The  mixture  obviously  consisted  of  coloui^less 
crystals  <tf  tetroxide,  coloured  blue  by  liquid  trioxide.  An  attempt 
was  made  to  force  into  this  oooled  mixture  nitric  oxide  under  a  slight 
pressure,  but  more  absorption  did  not  appear  to  take  place.  It 
would  be  interesting  to  try  whether  liquid  nitric  oxide  would  effect 
any  further  change ;  ^ut  the  experimeift  would  be  a  difficult  one. 

The  trioxide  mixes  with  liquid  nitrous  oxide ;  for  on  pouring  some 
of  the  blue  liquid  into  about  30  c»c.  of  that  liquid,  complete  mixtore 
occurred.  Some  of  the  tetroxide  solidified,  and  separated  in  white 
crystals:;  when  the  nitrous  oxide  had  nearly  evaporated  away,  the 
blue  colour  was  no  darker,  and  a  blue,  semi*solid  mass  remained,  con- 
sisting, as  usual,  of  a  mixture  of  trioxide  and  tetroxide. 

The  conversion  of  tetroxide  kite  trioxide  may  be  effected  at  —99^ 
by  a  current  of  uftric  oxide,  in  piesence  of  nitrous  oxide,  and,  indeed, 
in  its  absence.  The  passage  of  ihe  nitnc  oxide  causes  the  nitrous 
oxide  to  evaporate  so  rapidly  as  to  freeze:;  hence  iifae  lower  tempera- 
ture. We  see,  therefore,  that  the  equation  X^O^  +  2N0  =  2Na03  is 
realised  even  at  this  very  low  temperature. 

The  combination  of  tetroxide  with  nitric  oxide  takes  place  in  pre- 
ferenoe  to  that  with  oxygen ;  and  the  combination  of  the  trioxide 
with  oxygen,  if  it  takes  place  at  all  in  the  liquid  state,  is  a  very  slow 
one.  On  passing  a  current  of  oxygen  through  tetroxide  containing  tri- 
oxide, the  blue  colour  disappears  very  slowly,  much  oxygen  escaping ; 
and,  indeed,  I  am  of  opinion  that  the  apparent  change  is  produced  by 
removal  of  nitric  oxide,  rather  than  by  its  oxidation  to  tetroxide,  for 
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any  indifferent  gas  prodnces  this  change  when  passed  throngh  the 
bine  liqnid  ;  moreover,  the  anioant  of  substance  is  greatly  lessened. 

Richardson  has  observed  (Trans.,  51, 397)  that  on  heating  one  limb 
of  a  bent  sealed  tube  containing  nitric  peroxide,  the  other  limb  being 
placed  in  a  freezing  mixture,  the  liquid  condensing  in  the  cold  limb 
was  dark -blue.  It  was  tefcrox^ide  containing^  triezide ;  and  this  in 
presence  of  oxygen  sufficient  to  have  restored.it  to  its  original  oondi- 
tion  of  tetrozide  had  it  been  capable  of  combination.  On  warming 
the  blue  liquid,  it  became  green,  and  finally  red ;-  the- residue,  there- 
fore, must  have  been  peroxide,  and' the  mixed  gases  in  the  tube  must 
have  consisted  of  nitric  oxide,  oxygen-,  audi  gaseous  poroxide.  Bui  on 
again  cooling,  a  blue  liquid  condensed,,  showing  that  even  when  a 
mixture,  theoretically  capable  of  yielding  peroxide,. was  cooled,  com- 
bination had  noc  gOQ«  beyond  the  stage  of  trioxide.  Richardson 
remarks  : — "  It  would  appear  that  combination  of  nitric  oxide  with 
nitric  peroxide  takes  place  more  readily  than-  that  of  oxygen  with 
nitric  oxide  or  of  oxygen  with  the  trioxide,  provided  there  is  am  •excess 
of  peroxide,'* 

The  solution  of  the  mixture  of  tetroxidfi  and  trioxide  in  nitrous 
oxide  did  not  appear  to  darken  in  colour  on  concentration.  It  oc- 
curred to  me  that,  even  at  this  low  temperature,,  dissociation  was 
taking  place.  The  constantly  escaping  gas  of  the  nitrous  oxide 
appeared  to  be  carrying  with  it  some  nitric  oxide,  for,  on  reachisg  the 
mouth  of  the  tube,  it  had  a  faint  red  colour.  To  test  this  point,  the 
mouth  of  the  tube-  was  loosely  closed,  and  a  tube  from  an  oxygen 
bottle  was  introduced  into  the  gas..  After  a  coHsiderabl^  amount  of 
the  nitrous  oxide  had  evaporated,  more  than  sufficient  to  carry  out 
any  gas  which  might  have  been  present  in  the  tube;  some  oxygen 
was  admitted.  A.  red  colour  was  at  once  produced  in  the  tube, 
showing  that  the  surmise  was  correct.  Nitrogen  trioxide  appears, 
therefore,  to  dissociate  at  even  so  low  a  temperature  as  —90°. 

A  further  experiment  was  made  to  test  the  solubility  of  nitric  oxide 
in  liquid  nitrous  oxide;  A  current  of  nitric  oxide  was  passed  through 
the  liquid  for  about  five  minutes,  and  the  nitrous  oxide  was  then 
boiled  so  as  to  expel  the  gas  from  the  tube.  On>  adding  some  tetr- 
oxide,  the  liquid  monoxide  remained  colourless,  implying  the  non- 
solubility  of  nitiic  oxide.  As  the  boiling  point  of  nitric  oxide  is 
given  as  —150*6°,  it  is  still  m^ochi above  its  liquefying  point. 

The  solution  of  nitrogen^  trioxide  in*  nitrons  oxide  has  a  clear,  deep- 
blxLO  colour,  like  cobalt  glass.  It  was  examined  with  a  spectroscope, 
and  exhibits  an  absorption  band  between  544  and  590  X,  but  is,  as 
might  be  expected,  totally  devoid  of  the  flutings  of  nitric  peroxide; 
indeed,  at  that  temperature,  nitric  peroxide  does  not  exist,  being 
wholly  converted  with  its  polymeride,  nitrogen  tetroxide. 
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XXXVIII. — The  Action  of  Light  on  Phosphorus  and  some  of  the  Pro- 
perties of  Amorphous  Phosphorus, 

Bj  Albxaitder  Pedler,  F.I.C. 

That  ordinary  phospborns  when  exposed  to  tbe  action  of  light 
nnder  water  for  a  considerable  period  becomes  coated  with  a  reddish 
and  more  or  less  opaqae  liekyer  is  a  fact  which  has  long  been  known. 
The  first  explanation  which  was.  given  of  the  change  was  that  a 
suboxide  of  phosphorDSy.PiO,  was  formed,  hat  when  amorphous  or 
red  phospheras  was  discovered,  and  its  properties  worked  ont  bj 
Schrotter,  the  explanation  of  this  change  of  colour  of  phosphorus  was 
simple,  and  it  was  then  believed  that'^no  suc^  oompo«nd  as  P4O 
existed.  ^cantlj,  howeiver^  it#  seeioA  to  have  been,  proved  bj 
Keinitzer  and  Goldschmidt  {Ber,^  13,  848)  that  P4O  does  exist,  and  its 
properties  are  described  by  them.  Schrotter  therefore  appears  to  have 
been  the  first  to  prove  the  formation  of  red  phosphorus  from  ordinary 
phosphorus  by  the  aetion  of  light,  aiid  he.also  expended  hi^  observations 
to  the  acticm  of  heat  on  ordinary  phosphorus,  ^nd  showed  that  it  had 
the  same  effectas  light.  Sizice  this  discovery,  iimouphonfl  phosphorus 
has  been  prepared  on  a  commeroial  scale  by  the  action )  of.  h^at  on 
ordinary  phosphorus,  but  even  with  all,  the  improvements  in. manu- 
facture, it  does  not  seem  possible  to  convert  the  whole  of  the, ordinary 
phospbems  into  the  amopphoos  allotropic  form,  and  such  processes  as 
treating  the  mixture  of  the  two  allotropic  forms  of  phosphorus  with 
carbou  bisulphide,  or  of  boiling  it  with  solution  of  potassic  or  jsodic 
hydrate  h^ve  to  be  resorted  to^.in  .order.,to  dissolve  away  the  ordinary 
phosphprus  from  th^  amorphous  phosphorus,  the.  latt^  being  nn«. 
affected  by  these  reagea^bs. 

Bed  phosphorus. is  thus  described  by  Schrptter  (''Gmelin*s  Che- 
mistry," 15;  109)  :  "  Anjorphous  phosphorus  thus  obtaiuei.(that.is,  by 
the  action  of.h^atiOr  of  light)  is.  a  soft  powder,  destitute  of  .crystalline 
structure,  varying^  in  colour,  betweeft.carminje  and  scsirlet,  jBomQtiivies 
even  of.  a  hlacki8h-browii.tin.t.  Wheu.heated  in  a  liquid,  itbepomes 
darker,  and  after  some  time  acq^irps  a.deep^  violet  colour,  Anxorp^ous 
phosphorus  ...  by  repeated  distillation  is  converted  into  ordi- 
nary phosphorus     .     .     .     the  change  takes  place  at  260*"  C." 

Another  of  the  properties  of  amorphous  phosphorus  that  may  be 
noted  is  that  it  is  easily  dissolved  by  nitric  acid,  <fec.  But  although 
the  properties  of  amorphous  phosphorus  are  thus  described,  the  state- 
ments as  to  properties  vary  considerably  in  different  text- books, 
original  memoirs,  <Stc. 

2  8  2 
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It  is  well  known  that  a  third  variety  of  phosphorus  has  been 
described  as  metallic  or  rhombohedral  phosphorus.  It  was  prepared 
by  Hittorf  by  heating  phos{^horns  with  metollic  lead  to  a  temperature 
approaching  redness  for  10 'hours,  after  which'tbe  metallic  lead  was 
dissolved  out  by  dilute  nitric  acid,  &e.  The  description  of  this  kind 
of  phosphorus  is:  ''Metallic  phosphorus  is  a 'brightly  lustrous  dark 
cry(>talline  mass,  which  in  thin  plates  possesses  a  red  colour,  and 
consists  of  microscopie  rhombohedra  ....  it  appears  to  con* 
dnct  electricity  better -than  the  amorphous  variety,  and  it  requires  to 
be  heated  to  a  temperature  of  BbS**  before  it  is  converted  into  ordinary 
phosphorus.  This  variety  is  also  formed  when  amoq^ous  phos- 
phorus is  heated  under  pressure  to  a  temperature  of  580^  "  (Troost  and 
Hautefeuille ;  Roecoe  and  'Schorlemmer,  "'Treatise  on  'Chemietry," 
1,  472). 

The  following  is  then  a  very  brief  comperison  of  some  of  the  dis- 
tinctive properties  ot  these  ik^ee  forms  'of  phos[^oru8  as  geaerally 
given : — 


Ordinary  pboephoros. 

Amorphous  phosphorus. 

phosphorus. 

Slightly  yellow  or  almost 
colourless 

From  scarlet  or  red* to 
almost  violet  colour 

Tellow  to  deeo  red  colour, 
metalliolustre. 

CryBtaUine* 

Amorphous 

CrystAlline  (fhortbohedral). 

Soluble  in  carbon  bisul- 
phide 

'Insoluble  in  cafbon  disul- 
phide 

Insoluble  in  earbon  bisiJ- 
pbide. 

Soluble  in  sodio  or<potessic 
hydrate  solution 

Insoluble  in  sodic  or  po- 
tassic  hydrate  solution 

Insoluble  in  sodic  or  po- 
tassic  hydrate  solution. 

Easily  oxidicable  in  air 

Stable  in  air 

•Stable  in  air. 

Melts  at  44^  Boils  at  290" 

nUrerts  to  ordinary  phos- 
phorus at  2&f 

Formed  at  high  tempera- 
tures only,  suA  as  68(f, 
•and    re-forms    ordinary 
'phosphorus  at  358^ 

Tbe  following  experiments  form-part  of  a  considerable  series  which 
had  been  undertaken  to  test  the  effect  of  strong  sunlight  on  a  variety 
of  substances.  The  experiments  wtbich  cirill  be  described  may  be 
divided  into  several  groi]|p8,  Hhe  first  ,of  Which  ovisill  be  experiments 
made  in  sunlight  and  at'Ordinary  temperatures.  'It  isTueedless  to  say 
that  although  single  experiments  are  described  in  each  case,  the  ex- 
periments have  been  repeated  and  confirmed.  It  will  probably  be 
only  necessary  to  describe  one  of  these  experiments  in  detail  to  show 

*  For  forms  of  crystals  see  W.  D.  Hermann,  Ber.,  6, 1415. 
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the  method  of  working  and  the  results ;  tbe  resiaicmg  ezperimentR  in 
this  section  will  subsequently  be  briefly  given  in  tabular  form. 

A  clear,  almost  saturated  solatioui  o£  phosphorus  in  carbon  bisul- 
phide was  sealed  up  in  a  glass  tubej49e  that  the  tube  was  almost  filled 
with  the  liquid.  In  the  dark,  the  Bolution  showed  absolutely  no 
change,  and  remained  trani^arent..  It  was  exposed  to  the  direct 
light  of  a  tropical  sun  at  Calcutta  on  April  16, 1887, and  within  a  few 
minutes  a  yellowish-red  precipitate-  commenced  to  deposit  on  the 
sides  of  the  tube,  and  the  whole  of  the  interior  was  soon  covered.* 
The  daily  exposure  to  sunlight  was  conttnoed  till  May  the  4th,  when 
the  tube  was  openedl  The*  solution*  still  showed  a  considerable 
amount  of  unchanged  phosphoras^  T>he  precipitated  phosphorus 
was  washed  with  carbon  bisulphide,  and  with  a  mixture  of  carbon 
bisulphide  and  alcohol.  A  bright  red  powder  was  thus  obtained, 
which,  on  microscopic  examination,  was  found  to  consist  of  particles 
about  half  of  which  were  of  a  bright  sulphur-yellow  colour,  and  the 
remainder  of  a  bright  red.  This  sample  of  allotropic  phosphorus  ap . 
peared  to  be  fairly  permanent  in  the  air,  and  even  after  standing  for 
several  days  in  a  hot  moist  atmosphere,  it  remained  practically  un- 
changed. The  powder  was  also  quite  unaffected  by  such  solvents 
as  water,  alcohol,  ether,  benzene,  carboU'  tetrachloride,  and  carbon 
bisulphide. 

On  the  other  hand,  however,  the  red  powder  was  readily  dissolved 
in  a  warm  dilute  solution  of  sodic  hydrate  with  evolution  of  gaseous 
]jhosphuretted  hydrogen,  but  the  gas  evolved  W€ia  not  spontaneously 
inflammable.  Some  of  this  allotropic  phosphorus  was  tested  in  a 
fusing-point  tube  up  to  305°,  but  it  showed  no  tendency  to  revert  to 
ordinary  phosphorus,  nor  did  it  show  any  sign  of  change  whatever. 
Heated  cautiously  in  a  bulb  tube,  a  yellow,  sublimate  was  obtained, 
and  the  yellow  sublimate  was  soluble  in^warm  sodic  hydrate  solution. 
It  was  also  partially  soluble  in  carbon  bisulphide,  and  this  solution 
contained  ordinary  phosphorus.  The  yellow  insoluble  portion  when 
heated  in  air  burnt  like  ordinary  phosphorus..  In.  the  bulb  a  bright 
red  residue  was  left,  which  remained  permanent  at  a  rather  high 
temperature,  and  which,  on  examination  under  the  miorosoope,  showed 
no  yellow  particles  at  all.  The  red  particles  were  also  less  soluble  in 
warm  sodic  hydrate  solution  than  the  original  allotiopic  phosphorus. 

•  A.  LaUemaud  (Compt,  rend.,  70, 182  j  also  WaHs't  Diet.  Chem.,  2nd  Suppl., 
957),  in  describing  a  similar  experiment,  says  that  a  solution  of  sulphur  in  carbon 
bisulphide  is  much  more  quickly  changed  into  the  allotropic  variety  of  sulphur  than 
the  solution  of  phoepborus  in  carbon  bisulphide  is  changed.  The  reyerse  to  this 
has  been  found  to  be  the  case  in  a  great  number  of  experiments  which  have  been 
made  at  Calcutta,  and  the  solution  of  phosphorus  in  carbon  bisulphide  is  much  more 
sensitire  to  tropical  junlight  than  a  solution  of  sulphur  in  carbon  bisulphide. 
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Exposure  to  Strong  Tropical  Sunlight  at  Ordinary  Temperatures, 

A.  Solutions  of  Phosphorus  in  Liquids  containing  no  Oxygen,  or  wifh 

no  Oxygen  present. 


S'olution  or  condition 
of  phoBphorus. 


Period  of 
-exposure. 


Description  of  properties  of  allotropio 
phosphorus  formed. 


Solution  of  ordinary 
phosphorus  in  car- 
bon bisulphide 


Solid    phosphorus 
8prengel  yacuum 


Solid  phosphorus  with 
a  bttle  iodine  in 
Sprengel  vacuum 


Solid  phosphorus  with 
iodine    in  Sprengel 


Solution  of  phospho- 
rus in  carbon  bisul- 
phide with  a  little 
iodine 


Solution  of  phospho- 
rus in  carbon  bisul- 
phide with  a  small 
quantity  of  Pfirg 

Solution  of  phosphoruB 
in  phosphorus  tri- 
chloride 


Solution  of  phospho- 
rus in  benzene 


Solution  of  phosplumis 
in  chloioform 


18  days . 


•27  days . 


21  days . 


2  months 
(May  aud 
June,  hot- 
test months 
of  (Indian 
year) 

A  few  days . 


-Some  days . 


•  1  mcmth*  •  ■ 


1  month.. 


1  month. 


Sright  red  i^wder,  consisting  of  red  and 
yellow iparticle»  mixed;  fairly  permanent  in 
air ;.  insoluble  in  alcohol,  ether,  benxene, 
carbon  tetrachloride,  &c.  Acted  on  by 
warm  dilute  solution  of  soda  with  erolution 
•of  phosphine  (not-self -inflammable).  Does 
not  reyert  lo  ordinary  phosphorus  at  805°. 

Brick-red  povrder,  consisting  of  red  and  yel- 
low particles,  some  being  translucent,  and 
allowing  a  sulphur-yellow  and  ruby-red 
Ught  to  pass  through.  Insoluble  in  usual 
reagents,  soluble  in  warm  soda  solution  with 
eyolution  of  phosphine.  Does  not  leyert  to 
ordinary  phosphorus  at  300°. 

Brick -red  powder,  consisting  of  many  trans- 
lucent particles  of  sulphur  -  yellow  and 
orange-red,  and*  some '•f  briffht  red  colour. 
Easily  attacked  by  warm  dUute  soda  solu- 
tion, phosphiire  coming  off  in  abundance. 

Dark-red  powder,  consisting  principally  of 
transparent  and  -  apparently  crystalline,  red 
particles,  with  a  few  transparent  sulphur- 
yellow  particles.  Fairly  easily  soluble  in 
hot  solution  of  soda  with  evolution  of  pbos- 
pMine. 

At  first  bright  yellow  precipitate,  gradually 
darke&ing,  •on  lengthened  exposure,  to  a 
bright  red,  many  of  the  particles  of  whidi 
were  transparent,  and  of  red  and  yellow 
colour.  Moderately  easily  soluble  m  hot 
solution  of  soda  with  evolution  of  phos- 
phine. 

After  one  hour's  exposure,  bright  sulphur- 
yellow  nrecipitlite  onlv:  after  two  hours 
more,  the  precipitate  had  become  orange, 
but  the  allotropio  phosphorus  did  not  fur- 
ther darken. 

Bright  OMuge^  powder  oonststing  of  a  lai^^ 
proportion  of  transparent,  yellow  particles, 
and  of  a  few  transparent,  reddish  particles. 
Slowly  soluble  in  worm  solution  of  soda  with 
evolution  of  phosphme. 

Orange-coloured  powder  insoluble  in  carbon 
bisulphide,  &c.  Insoluble  in  sodic  carbonate 
solution,  but  soluble  in  warm  solution  of 
soda  with  evolution  of  phosphine. 

Bright  yellowish-orange  precipitate.  In  this 
case  the  particles  appeared  amorphous  under 
the  microscope,  and  no  crystalline  structure 
could  be  detected.  Soluble  in  warm  solu- 
tion of  soda  with  evolution  of  phosphine. 
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Solutions  of  Phosphorus  in  Liquids  containing  no  Oxygen^  or  with 
no  Oxygen  present — continued. 


Solution  or  condition 
of  phosphorus. 

Period  of 
exposure. 

Description  of  properties  of  allotropic 
phosphorus  formed. 

Solution  of  phosphorus 
in  turpentine 

1  month.  • . . 

At  first  no  allotropic  phosphorus  formed,  but 
after  a  month  a  small  quantity  of  yellow 
allotropie- phosphorus  was  produced;  this 
was  easily  soluble  in  warm  solution  of  soda 
with  evoiutien  of  phosphine. 

The  above  experimente,  it  will  be  seen,  were  all  made  at  the 
ordinary  temperatare  of  the  air,  and  in  strong  direct  sunlight,  and  the 
general  resnlt  of  these  was,  that  a  mixtnre  of  red  and  yellow  coloured 
particles  of  phosphorns,  many  of  them  transparent  and  with  a 
tendency  to  show  crystalline  structure,  was  obtained;  this  phos- 
phorus was  quite  insoluble  in  carbon  bisulphide,  but  soluble  in  hot 
dilute  sodic  hydrate  solution  with  evolution  of  phosphuretted 
hydrogen. 

An  attempt  was  made  to  obtain  only  the  yellow  form  by  working 
with  difFused  daylight,  and  the  following  is  a  description  of  one  of 
the  experiments: — A  €ma1l  quantify  of  phosphorus  bromide  was 
mixed  with  a  solution  of  phosphorus  in  carbon  bisulphide,  and  placed 
in  a  sealed  tube  so  that  only  a  minute  bubble  of  air  was  left  at  the 
top.  The  tube  was  exposed  to  strong  diffused  daylight,  but  so  that 
the  direct  rays  of  the  sun  could  not  fall  upon  it,  when  a  bright 
sulphur-yellow  precipitate  appeared.  On  standing  a  day  or  two 
under  similar  conditions,  the  colour  of  the  precipitated  phosphorus 
changed  to  orange.  It  was  thought  that  the  action  was  going  on  too 
rapidly  and  perhaps  at  too  high  a  temperature,  so  the  tube  was  immersed 
in  a  large  cylinder  filled  with  cold  water.  The  -separated  phosphorus 
continued  to  darken  in  colour  under  .the  influence  of  light  for  some 
months,  till  it  became  a  bright  red.  The  precipitated  phosphorus 
was  purified  in  the  ordinary  way,  and  under  the  microscope  it  showed 
a  mixture  of  transparent  and  perhaps  partially  crystalline  particles, 
and  also  of  amorphous  particles.  Many  of  the  transparent  particles 
were  of  a  bright  yellow  colour,  and  of  the  amorphous  some  were 
bright  yellow  and  others  red.  With  dilute  sodic  hydrate  solution,  a 
small  quantity  of  phosphuretted  hydrogen  was  evolved  in  the  cold, 
and,  on  boiling,  the  whole  of  the  substance  readily  dissolved.  Thus  it 
would  appear  that  the  first  form  of  phosphorus  insoluble  in  carbon 
bisulphide  is  of  a  yellow  colour,  and  that  the  more  slowly  the  allotropic 
phosphorus  is  formed  by  the  action  of  light,  the  more  readily  it  is 
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acted  on  bj  sodic  hydrate  solation.  The  experiment  also  appears  to 
indicate  that  as  the  particles  of  allotropic  phosphorus  grow  larger, 
they  deepen  in  colour. 

In  the  above  experiments  on  the  formation  of  allotropic  phos- 
phorus, it  will  be  noticed  l^at  either  solatioDs  of  phosphoms  in 
liquids  containing  no  oxygen  bave  been* used,  or  that  the  experiments 
have  been  made  in  such-  a  way  as  to  prevent  the  possibility  of  any 
oxygen  combining  with  the  phosphorus..  In  a  few  other  cases,  solu- 
tions of  phosphorus  in  liquids  containing  oxygen,  have  been  used  with 
the  following  results : — 


Exposure  to  Strong  Tropical  Sunlight  at  Ordinary  Temperatures, 
B.  Solutions  of  Phosphort»  in  Ltquids  containing  Oxygen, 


Solation  or  oonditioQ 
of  phosphorus. 


Period  of 
exposure. 


Description  and  properties  of.  Allotxopic 
Xmosphoras  (if  any)  formed. 


Solution  of  phosphorus 
in  mixture  of  carbon 
bisulphide  and  alco- 
hol 


Solution  of  phosphor 
in  ether 


Solution  of  phosphorus- 
in  raleric  add 


Solution  of  pfaospfaorus^ 
in  amyl  alcohol 


2|-  months . 


1  month. . 


1  month. « 


L  montlii  *  •« 


Orange  •  scarlet  powder  containing  a  few 
bright  yelloW)  transparent  particles,  the 
greater  number  being  of  a  red-orange  colour 
and  somewhat  opaque.  Somewhat  easily 
soluble  in  warm  solution  of  soda  with  evo- 
lution of  phosphine.. 

Bright  yellow  powder,  of  which  many  par- 
tides  were  quite  transparent.  Insoluble  in 
carbon  bisulphide,  easily  soluble  in  hot 
dilute  solution  of  soda  with  erdufeion  of 
phosphine. 

Xo  allotropic  phosphorus  formed,  but  an  oily 
liquid  was  contained  in  the  valeric  add  in 
which'  phosphonw  waa  present,  probaUy  in 
oxidisea  state. 

No  allotropic  phosphorus  formed.  Oxidised 
phosphortis  appeared  to  be  present  in  the 
amyl  alo^oh 


The  general  result  of  these  experiments' isj.  therefore,  that  solutions 
of  ordinary  phosphorus  in  liquids  containing  oxygen,  on  exposure  to 
light,  show  a  tendency  for  the  phosphorus  to  combine  with  the  liquid 
containing  oxygen,  and  that  allotropic  phosphorus  cannot  be  looked 
for  with  any  certainty. 

All  the  above  experiments  having  been  made  at  the  ordinary  tem- 
perature of  the  air,  the  production  of  allotropic  phosphorus  at  higher 
temperatures  was  tried.     The  following  are  some  of  the  results  :— 
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Exposure  to  Tropical  Sunlight  at  Higher  Temperatures  or  to  Sigh  Tem- 
perature alone. 


Solution  or  oondition 
of  phosphorus. 


Ordinary    phosphorus 
in  Sprengel  racuum 


Ordinary    phoiphoms 
in  Sprengel  vauuum 


Solution  of  phosphorus 

100? 

in     carbon     bisul- 

phide   with*    phos- 

phorus    tribvomide 

added 

Ditto 

20(f  to  210P. 

Solution  of  phosphorus 
in  carbon  bisulphide 

100* 

with  a  little  iodine 

added 

Solution  of  phosphorus 

lOOP 

in  carbon  bisulphide 

Ditto 

150°.. 

Ditto 

200° 

Ditto 

mf 

Tempera- 
ture, &c. 


Phosphorus- 
boihng  in 
ffticuo  in 
sunlight 


in  the 
form  of  va- 
pour in- 
sunlight 


Description  and  properties  of  aUotropic 
phosphorus  formed. 


At  first  yellow  sublimate,  but  colour  rapidly 
darkening  to  red.  The  aUotropic  phos- 
phorun  consisted  of  bright,  elistening,  orange- 
red  particle*,  most  of  them  being  quite 
transparent;:  some  were  sulphur-yellow,  and 
others  orange,  and  the  particles  appeared 
crystalline.  Insoluble  in  carbon  bisulphide. 
Very  slowly  acted  on  by  boiling  soda  solu- 
tion. 

In  this  expenment  the  sun's  rays  were  eon> 
cpntrated  on  tke  phosphorus  yapour  by  a 
large  lens.  Bright  scarlet  powder,  contain- 
ing no  yellow  particles,  but  onlv  transparent 
orange-red  and  red  particles  like  plates, 
which  had  a  yery  distmct  action  on  polar- 
ised light,  the  particles  appearing  distinctly 
orystaUine.  Very  slowly  acted  on  by  hot 
soda  solution. 

No  aUotropic  phosphorus  formed. 


Yellow  aUotropic  phosphorus.  Acted  on  by 
hot  solution  of  soda  with  eyolution  of  phos- 
phine. 

Bright  orange-red  aUotropic  phosphorus,  con- 
sisting of  a  mixture  of  yellow  and  orange- 
red  particles.  Slowly  acted  on  by  hot  solu- 
tion of  soda. 

No  aUotropic  phosphorus. 

Ditto 
Ditto 
Bright  orarge-red  glistening  powder,  con- 
sisting of  transparent  particles  of  red  to 
orange  colour,  and  apparently  of  crystalUne 
nature;  also  acting  strongly  on  polarised 
light.  YeiT  slowly  solubk  in  hot  solution 
of  soda  with  evolution  of  phosphine. 


The  general  resnlt  of  these  experimente  is,  therefore,  that  the  allo<> 
tropic  phosphoms  obtained  by  the  action  of  modei-ate  heat  only,  or 
with  the  addition  of  light,  from  ordinary  phosphoms  is  generally 
distinctly  darker  in  colonr  than  that  obtained  at  low  temperatures, 
and  that  it  is  also  less  easily  acted  on  by  dilute  hot  solution  of  sodic 
hydrate. 

The  properties  of  the  aUotropic  phosphorus  obtained  in  the  abo^r 
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experiments  have  been  carefully  compared  with  the  properties  of 
many  samples  of  commercial  amorphous  phosphorus,  and  with  those 
of  rhombohedral  or  metallic  phosphoras,  as  obtained  by  HittorFs 
process.  In  the  course  of  these  expenments  it  has  been  found  that 
some  of  the  properties  of  amorphous  phosphorus,  as  described  in 
text-books,  are  rather  misleading.  Some  of  these  points  are  as 
follows : — 

The  term  amorphous  phosphoms  itself  appears  to  be  misleading, 
and  practically  incorrect,  and  from  the  careful  microscopic  examina- 
tion of  eight  samples  of  amorphous  phosphorus,  some  obtained  from 
England,  and  some  fx'om  Germany^* it  has  been  shown  that  in  all  the 
samples  examined  the  great  bulk  of  the  powder  consists  of  transpa- 
rent, ruby-red,  more  or  less  crystalline  particles,  which  have  a  decided 
action  on  polarised  light,  indicating  that  most  probably  they  are  not 
amorphons.  By  careful  elntriation^  commercial  amorphous  phosphorus 
can  be  divided  into  a  very  fine  powder,  of  very  decided  rod  colour, 
and  into  almost  black,  shining  particles.  The  latter,  under  the  micro- 
scope, are  practically  all  transparent,  giving  a  ruby-red  light,  and 
seem  to  be  crystalline  in  nature,  from  their  action  on  polarised  light. 
In  the  finer  powder  the  crystalline  form  is  not  so  well  marked,  but 
many  of  the  particles  are  transparent,  allowing  a  ruby-red  light  to 
pass  through,  and  they  also  act  fairly  strongly  on  polarised  light. 
The  red  powder,  when  heated  with  dilute  sodic  hydrat-e  solution, 
yields  slight,  but  distinct,  amounts  of  phosphuretted  hydrogen,  and 
the  same  powder,  after  having  been  much  more  finely  powdered  and 
treated  with  the  same  solution  of  sodic  hydrate,  yielded  a  larger 
amount  of  phosphuretted  hydrogen.  The  dark,  more  or  less  crystal- 
line particles  yield  no  phosphuretted  hydrogen  ou  being  boiled  with 
a  solution  of  sodic  hydrate  of  the  same  strength  as  used  in  the  last 
experiment,  but  after  these  coarser  particles  had  been  powdered 
extremely  finely,  and  the  very  finely  divided  powder  treated  with  the 
same  solution  as  before,  namely  that  with  which  the  coarse  powder 
had  previously  refused  to  give  phosphuretted  hydrogen,  a  rather  large 
amount  of  phosphuretted  hydrogen  was  evolved.  At  the  same  time 
the  action  of  powdering  the  coarse  particles  was  to  render  the  almost 
black  colour  a  distinct  red -brown.  The  action  of  sodic  hydrate  solu- 
tion on  the  so-called  amorphous  phosphorus,  therefore,  is  evidently,  to 
a  certain  extent,  dependent  on  the  state  of  division  of  the  phosphoros 
though  ordinary  commercial  amorphous  phosphorus  is  supposed  to  be 
unacted  on  by  sodic  hydrate  solution,  as  the  latter  is  used  as  a  method 
of  purifying  it  from  ordinary  phosphorus.  It  might  be  said  that  ordi- 
nary phosphorus  may  have  been  present  in  the  amorphous  phosphorus, 
but  this  point  was  carefully  enquired  into,  and  absolutely  no  ordi- 
nary  phosphorus  could  be  detected.     The  methods  used  were  solution 
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by  carbon  bisulphide,  and  also  heating  the  amorphous  phosphorus  in  a 
vacuum  to  a  moderate  temperature  for  long  periods,  when  ordinary 
phosphorus,  if  present,  would  have  sublimed  as  in  Hermann's  experi- 
ments (jBcr.,  6,  1415). 

Another  property  of  amorphous  phosphor  as  is  said  to  be  that  at 
a  temperature  of  260^,  it  is  converted,  or  begins  to  be  converted, 
into  ordinary  phosphorus.  The  following  experiments  were  made  on 
this  point: — Seven  samples  of  commercial  amorphous  phosphorus, 
some  from  England  and  some  obtained  from  Gei*many,  and  one 
sample  of  rhombohedral  phosphorus,  were  heated  at  305 — 310°  for 
.two  hours.  No  signs  of  any  change  could  be  detected  in  the  phos- 
phorus. The  same  eight  samples  were  heated  in  a  bath  of  melting 
lead  (temperature  326*^),  and  no  change  could  be  detected.  The  same 
eight  samples  were  heated  in  the  vapour  of  boiling  mercury  for  a 
short  time  (temperature  357*25°),  and  no  change  could  be  detected; 
but  when  heated  in  the  vapour  of  boiling  sulphur  (temperature  445*), 
it  was  found  that  although  the  samples  of  phosphorus  did  not  appear 
to  undergo  any  reversion,  yet  a  certain  amount  of  vapour  passed  away 
from  the  surfaces,  which  vapour  was  oxidised  on  coming  in  contact 
with  air.  The  boiling  point  of  ordioary  phosphorus  is  said  to  be  290^ 
so  that  the  temperature  «f  the  bath  in  this  instance  'was  about  Ibb** 
above  the  boiling  point  of  ordinary  phosphorus. 

It  will  also  have  been^noticed  in  the  case  of  several  of  the  samples 
of  allotropic  phosphorus  made  by  the  action  of  light, 'that  these  were 
unchanged  by  exposure  to  temperatures  of  about  305?. 

Experiments  of  similar  nature  were  made  with  the  so-called  amor- 
phous phosphorus  in  vacaous  tubes,  so  arranged  that  the  phosphorus 
was  heated  while  the  upper  part  of  the  tube  was  kept  cool.  The 
phosphorus  was  kept  at  100"  for  three  or  four  days,  when  no  change 
took  place  in  the  phosphorus,  nor  was  any  ordinary  phosphorus  sub- 
limed. The  phosphorus  was  then  kept  for  two  days  at  200— -210°,  and 
again  no  change  ensued.  The  amorphous  phosphorus  in  a  vacuum  was 
next  exposed  to  the  vapour  oiMboiling  sulphuric  acid  (temperatare  327"*) 
for  between  four  and  five  hours,  and  no  change  took  place  in  the 
phosphorus,  nor  was  any  ordinary  phosphorus  sublimed.  Next  the 
amorphous  phosphoros  was  heated  in  a  bath  of  the  vapour  of  boiling 
mercury  (357'25*')  for  two  hours  and  a  quarter,  when  a  very  small 
amount  of  ordinary  phosphorus  was  sublimed,  but  the  amount  so 
produced  was  not  more  than  about  one-twentieth  of  the  amount  used. 
A  temperature  of  445"  was  also  used  by  a  bath  of  boiling  sulphur  for 
a  period  of  three  hours,  and  under  these  circumstances  about  one-fifth 
of  the  amorphous  phosphorus  underwent  change,  and  sublimed  as 
ordinary  phosphorus  into  the  cool  part  of  the  tube.  It  may, 
therefore,  be  concluded  that  either  in  a  vacuum,  or  at  the  ordinary 
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pressare,  there  is  no  change  whatever  of  amorphoae  into  oi^dinary 
pKosphorus  at  260^  as  ordinarLlj  stated,  and  that  there  is  no  practical 
change  up  to  temperatures  of  nearly  SSS"*,  after  which  in  a  vacuum  a 
feeble  change  commences,  by  which  the  vapour  of  ordinarj  phosphorus 
is  evolved,  but  this  change,  even  up  to  445°,  is  exceedingly  slow. 

It  may  also  be  remarked  that  the  behaviour  of  metallic  or  rhombo* 
hedral  phosphorus  is  exactly  similar  to  that  of  amorphous  phoephonui 
under  these  circumstances,  for  the  temperature  at  which  rhombohedral 
phosphorus  begins  to  change  ia  stated  to  be  858**. 

Amorphous  phosphorus  is  also*  generally  stated  to  be  quite  perma- 
nent in  the  air.  Thus  Roscoe  and  Schorlemmer  say  (*'  Treatise  on . 
Chemistry,"  1,  470),  "This  substance  (red  phosphorus)  can  be 
exposed  to  the  air  for  years  without  undergoing  any  alteration."  It 
is,  however,  known  that  some  samples  of  amorphous  phosphorus 
become  damp  on  exposure  to  air,  and  Groves  (Pharm.  J.  Tram.  [2],  6, 
643  ;  and  WaMs  l)ict.^Ohem.^  SuppL,  934).  has  shown  that  tlie  oxida- 
tion may  sometimes*  go  on  to  a  considerable  extent.  In  text-books^ 
however,  the  oxidation  of  amorphous  phosphorus  is  referred  to  the 
presence  of  ordinary  phosphorus,  and  thus-  Eoscoe  and  Schorlemmer 
again  say  (p.  471),  '*A11  the  commercial  amorphous  phosphorus, 
however,  contains  traces  of  the  white  modification,  and  this  onder- 
goes  oxidation  in  the  air,  so  that  the  mass  always  has  an  aoid 
reaction,  owing  to  the  formation  of  phosphorous  and  phosphoric  acids." 
In  a  very  hot  and  very  moist  climate,  like  that  of  Calcutta,  where  all 
these  experiments  have  been  made,  the  rapid  change  or  oxidation  of 
commercial  amorphous  phosphorus  is  a  very  familiar  phenomenon. 
The  experiment  has  been  tried  with  the  same  sample  of  phosphorus 
four  times  in  succession,  by  allowing  t<he  sample  to  oxidise,  then 
i*emoving  the  oxidised  products  by  careful  washing,  then  dr3ring,  and 
on  standing,  oxidation  has  recommenced  as  stated  above  on  four  suc- 
cessive occasions.  This  in  itself  is  probably  a  sufficient  proof  that 
the  cause  of  the  oxidation  is  not  to  be  found  in  the  small  quantity  of 
ordinary  phosphorus  which  might  have  been  present  in  the  amor- 
phous phosphorus  as  at  first  manufactared,  for  the  successive  ozida* 
tion  would  require  a  fresh  existence  of  ordinary  phosphorus  in  each 
case.  In  order  to  set  the  question  at  rest,  samples  of  very  carefully 
purified  amorphous  phosphorus  have  been  taken,  in  which  no  trace  of 
ordinary  phosphorus  could  be  detected,  and  which  had  been  allowed 
to  oxidise  once,  and  the  oxidised  products  removed,  and  yet  when 
exposed  to  the  moist  climate  of  Calcutta  in  loosely  corked  tabes,  they 
have  become  moist,  and  decidedly  aoid  in  reaction  within  the  short 
space  of  six  days  only. 

To  show  the  extent  to  which  such  oxidation  may  proceed,  two 
samples  of  conunercial  amorphous  phosphorus,  practically  free  from 
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any  ordinary  phosphorns,  were  allowed  to  oxidise  in  very  loosely- 
stoppered  bottles  for  abont  three  years.  At  the  end  of  this  period 
the  amonnt  of  oxidised  phosphorns  was  determined.  In  the  first 
case,  of  the  original  weight  of  55*3  grams  of  amorphous  phosphorop, 
9*3  grams  had  oxidised,  or  17- 1  per  cent,  of  the  original  amotmt ; 
and  in  the  second  case,  63*8  grams  of  amorphous  phosphorus  had 
yielded  9*8  grams  of  oxidised  phosphorus,  equalling  15*4  per  cent,  of 
the  original  weight.  The  acid  'liquids  in  both  cases  only  contained 
phosphorus  and  phosphoric  acids,  and  no  hypophosphorus  or  hypo- 
phosphoric  acids  could  be  dete()ted.  The  relative  amounts  of  phos- 
phorous acid  and  of  phosphoric  acid  in  the  acid  liquids  formed  on 
oxidation  of  amorphous  phosphorus  do  not  appear  to  be  fixed,  and 
they  were  as  nearly  as  possible  10  parts  of  phosphorous  to  48  parts  of 
phosphoric  acid  in  the  first  cane,  and  10  parts  of  phosphorous  to  75 
parts  of  phosphoric  acid  in  the  flecond  case. 

It  has  been  noticed  in  these  and  similar  cases  of  oxidation  of 
amorphous  phosphorus,  that  tbo  oxidation  appears  to  go  on  steadily, 
notwithstanding -that  the  amorphous  phosphorus  is  covered  over  with 
the  solution  of  the  two  acids,  and,  therefore,  -presunmbly  kept  from 
actual  contact  with  the  oxygen  of  the  air.  To  test  whether  this  is 
the  case,  und  whether  the  amorphous  phosphorus  really  does  continue 
to  change  under  these  circumstances,  the  following  experiments  have 
been  made : — 

Experiment  1.  Some  commercial  amorphous  -phosphortra  which 
had  been  exposed  to  the  air  for  more  than  two  years,  and  which  had 
thus  undergone  a  large  amount  of  oxidation,  during  which  any 
ordinary  phosphorns  which  mayoriginally  have  %een  present  must 
have  been  oxidised,  was  very  earefiilly  purified  *by  washing  with 
water  till  <rde  from  lill  acidity,  and  then  dried.  1-4290  grams  of 
this  pure,  dry  red  phosphorus  were  digested  in  a  fla«k  loot^y  covered 
with  a  watch-glass,  at «  teraperatui'e  of  About  60°,  with-a  rather  con- 
centrated solution  of  orthophosphoric  acid.  The  digestion  was 
allowed  to  go  on  for  12  days,  and  'throughout  the  whole  period  a 
strong  odour  of  phosphoretted  hydrogen  >was  evolved.  After  the 
12  days'  digestion,  the  red  phosphorns  was  ^washed  and  weighed,  and 
found  to  be  only  1*3913  grams.  There  had  thus  been  a  loss  of  2*64  per 
cent,  of  the  original  weight.  The  phosphoric  acid  solution  was  found 
to  contain  distinct  amounts  of  phosphorous  acid,  but  no  hydrophos- 
phorous  acid.  The  following  reaction  would  indicate  how  phos- 
phorus can  acton  phosphoric  acid  with  the  production  of  phosphorons 
acid  and  phosphoretted  hydrogen  :— SH.PO*  +  fiHgO  +  P4  =  6H,P0, 
+  PH,. 

Experiment  2.  To  further  test  this  action,  and  to  prove  that  the 
loss  in  weight  of  the  red  phosphorus  did  not  depend  on  any  oxidation 
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due  to  tlie  presence  of  air  in  the  reaction,  some  of  the  purified  red 
phosphorus  was  sealed  up  in  a  tube  with  a  known  quantity  of  a 
rather  dilute  solution  of  orthophosphoric  acid.  100  c.c.  of  the 
original  phosphoric  acid  which  ^contained  1'1796  grams  of  PjOj,  after 
digestion  with  the  pure  red  phosphorus  at  lOO''  for  seven  days,  con- 
tained an  amount  of  pbosphowig  equal  to  1*14^16  grams  of  P^Os,  and 
the  solution  also  contained  distinct  amounts,  of  phosphorous  acid. 
There  had  thus  heeny  even  in  .the  absence  of  air,  a  distinct  action  of 
red  phoaphoru9  x>N.  dilute  solution  of  phosphorie  acid,  and  an  increase 
equal  to  about  1  per  cent,  had  taken  place  in  ihe  weight  of  the  PjO^ 
present.  It  is  clear  then  that  red  phosphorus  can  reduoe  phosphorio 
to  phosphorous  acid,  and,  as  tJne  latter  can  itself  oxidise  to  phosphorio 
acid,  it  is  possible  that  in  the  oxidation  o£  red  phosphorus,  in  the 
cases  above  alluded  to,  oxidation  and  deoxidation  go  on  continually, 
or,  if  such  a  simile  or  analogy  may  be  used,  then  the  oxidation  ot  red 
phosphoms  in  the  air.  may  ba  compared  with  the  oxidation  of  iro»  in 
the  air. 

Experiment  8.  It  was  thoaght  desirable  to^test  whether  ordinaij 
phosphorus  had  a  similar  power  of  reducing  phosphoria  acid,  aiid 
pieces  of  clean  ordinary  phosphorus  were  placed  in  sealed  tubes  with 
dilute  solutions  of  phosphoric  acid  of  knowi^  strength.  Two  experi^ 
monts  were  started,  one  in  which  the  tube  containing  the  phosphorus 
was  heated  at  100^  for  seven  days,  and  in  which  case  the  small  surface 
of  the  melted  phosphorus  only  was  exposed  to  the  action  of  the  liquid, 
while  in  tha  second  cnse  the  action  was.  allowed  to  go  on  for  eighjb 
days  at  about  30**  to  35^  ik»  phosphorus  being  first  melted,  and  then 
the  tube  violently  agitated,  until  the  phosphorus-  solidified  in  very 
minute  globules,  thus  exposing  a  vexy  large  surface  to  the  action  of 
the  phosphoric  acid.  In  both  cases  the  phosphoric  acid  used  oon<«. 
tained  1*1.796  grams  PjOs  in  100  c.c.  In  the  first  case,  after  the  action 
of  the  small  surface  of  ordinary  phosphorus  on  the  dilute  phosphorio 
acid  for  seven  days  at  100°,  the  liquid  contained  in  100  c.c.  1*18201 
grams  PjOg,  showing  that  in  this  case  the  action  was^xtremely  feeble, 
while,  further,  no  distinct  trace  of  phosphorous  acid  ooojkl  be  de«^ 
tected  in  the  liquid.  In  the  case  where  the  action  took. place  with  the 
ordinary  phosphorus  in  a.  finely.divided  state  for  eight  dajrs,,100  c.(l 
of  the  liquid  contained  1;214p8. grams  of  P^O^,  showing  thai  in  tbia 
case  there  had  been  very,  decided  action.  The  solution  also  was  found 
to  contain  distinct  amounts  of  phosphorous  acid. 

Experiment  4.  Some  of  the  purified  commercial  amorphous  phos- 
phorus  used  in  the  previous  experiments  was  also  digested  in  distilled 
water  at  about  60**,  and  although  the  digestion  was  continued  for  a 
week,  during  the  whole  period  a  decided  smell  of  phosphoretted 
hydrogen  was  evolved,  and,  at  the  end  of  the  time,  the  watery  solu- 
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tion  contained  distinct  amonnts  of  the  acids  of  pbosphoros,  and  gave 
a  considerable  precipitate  with  the  moljbdate  test.  The  watery  solu- 
tion, after  the  week's  digestion,  yielded  no  less  than  0*0148  gram  of 
Mg^jOj,  equivalent  to  000413  gram  of  phosphoms.  The  weight  of 
the  purified  red  phosphoms  used  in  the  experiment  was  0*7924  gram, 
and  thus  0*52  per  cent,  of  the  phosphorus  had  been  acted  on,  and 
passed  into  solution. 

Experiment  5.  As  in  the  last  experiment,  also,  it  might  be  ob- 
jected  that  the  oxidation  was  due  to  the  fact  of  the  experiment  being 
made  in  tbe  air,  0-5638  gram  of  purified  red  phosphorus  was  digested 
at  100°  in  a  sealed  tube  with  25  c.c.  of  water  for  six  days.  The  weight 
of  the  red-  phosphorus  was  then  found  to  be  0*5599«gram,  and  there 
had,  therefore,  been  a  loss  of  0'69  percent.  The  watery  solution  also 
contained  oxidised  phosphorus,  and,  ^th  the  molybdate  test,  a  very 
distinct  precipitate  was  obtained. 

These  experimen^ie,  therefore,  would'  tend  to  show  that  so  far  from 
the  so-calJed  amorphous  phosphorus  being  the  inert  and  stable  sub- 
stance it  is  usually  supposed  to  be,  on  the  contrary,  it  is-  rather  prone 
to  change ;  it  easily  oxidises^  and,  also,  it  has  a  distinct  power  of 
deoxidising  such  compounds  as  phosphoric  acid,  &c. 

In  the  foregoing  descriptions,  the  properties  of  the  allotropic  phos- 
phorus produced  by  the  action. of  light  only,  that  produced  at  moder- 
ate temperatures,  and  the  commercial  form  of  amorphous  phosphoms, 
which  is  made  at:  decidedly  high  temperatures, .  have  been  compared 
with  one  another.  Specimens  of  rhombohedral  or  metallic  phosphorus 
have  also  been  prepared,  andtheir  properties  compared  with  those  of 
the  other  forms.  The  metallic  phosphorus  used  has  been  prepared  by 
two  processes :  first,  that  of  dissolving  ordinary,  phosphorus  in  lead 
at  high  temperatuBes,  a«  described  by  Hi ttorf,. and- the  second  pro- 
cess, which  appears  to  answer  equally  well,  or  perhaps  rather  better, 
by  projecting  dry  cemmercial.  amorphous  phosphorus  in  small  quanti- 
ties at  a  time  into  melted  lead,  kept  at  a  rather  high  temperature,  the 
lead  being  subsequently  removed,  and  the  metallic  phosphorus  ex- 
tracted in  the  manner  recommended  by  Hittorf.  The  general  pro- 
perties of  this  form  of  phosphorus,  as  described  by  Hittorf,  are  given 
in  "  Watts's  DicKonaiy  of  Chemistry,"  2nd  Suppl.,  p.  993.  It  is 
unalterable  in  the  air,  and  the  crystals  formed  on  the  surface  of  tbe 
lead  "  are  very  thin,  mostly  bent,  and  transversely  striated,  whereby 
they  acquire  the  aspect  of  rows  of  prismatic  crystals  ;  they  are 
yellowish-red  by  transmitted  light.  The  crystals  enclosed  in  the 
mass  of  lead  ....  have  a  black-violet  colour,  and  appear 
under  the  microscopic  as  rhombohedrons,  nearly  approaching  the 
cube,''  &c.  Tbe  specimens  of  metallic  or  rhombohedral  phosphorus 
prepared  in  these  ways,  when  examined  under  the  microscope,  showed 
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thafc  moBt  of  the  particles  were  ratber  darker  than  those  of  ordinary 
commercial  amorphous  phoephorus,  but  some  of  the  particles  were 
also  of  a  light  ooloar.  The  fact  that  many  of  the  particles  of  rhom- 
bohedral  phosphoms  are  rather  dark,  may  be  almost  expected  when  it 
is  considered  that  they  are  crystallised  from  metallic  lead,  and  when 
it  is  known  that  traces  of  metals  will  confer  a  dark  coloar  on  ordinary 
phosphorus  (Blondlot,  Compt.  rend.,  70,  856).  The  particles  of 
metallic  phosphoms  are  acted  on  by  polarised  light  in  a  manner 
precisely  similar  to  i^e  forms  of  phosphorus  produced  irom  the  ordi- 
nary variety,  either  by  'the  action  of  light  or  beat,  and  to  the  lordioary 
commercial  amorphous  phosphorus.  When  the  crystals  of  rhombo- 
hedral  phosphorus,  after  careful  purification  from  ordinary  phos- 
phorus, are  heated  with  dilute  sodic  hydrate  sdlution,  extremely  small 
quantities  of  phospbuvetted  hydrogen  are  ^ven  off.  It  was,  however, 
also  found  that  the  same  sample,  after  having  been  extremely  finely 
divided  by  powdering,  when  heated  with  the  same  strength  of  sodic 
hydrate  solution,  yielded  somewhat  larger  amounts  of  phesphuretted 
hydrogen ;  but  still  the  quantity  was  very  small. 

It  will  thus  be  seen  that  in  colour  these  crystals  of  rhombohedral 
phosphorus  vary  in  a  manner  somewhat  similar  to  that  found  in  the 
case  of  the  ordinary  red  phosphorus.  Under  the  action  of  heat, 
metallic  phosphorus  also  behaves  in  a  manner  practically  similar  to 
allotropic  phosphorus.  Sedio  hydrate  selution  also  acts  on  the 
varieties  in  a  somewhat  similar  manner,  the  ext^t  of  the  action 
apparently  being  dependent  greatly  on  the  state  of  division  of  the 
allotropic  phosphorus  ;  the  very  finely-divided  particles  of  ph«ephomi8 
obtained  by  the  slow  action  of  light,  being  vigorously  acted  on,  and 
the  larger  and  denser  particles,  obtained  by  the  action  of  heat*  being 
much  less  vigorously  acted  on.  Similarly,  also,  the  colour  of  the 
allotropic  phosphorus  seems  to  be,  to  a  great  extent,  .dependent  on 
the  siee  of  the  particles,  for  whiUt  in  small  particles,  or  when  in 
thin  layers,  ihe  slllotropic  phosphorus  produced  is  yellow,  the  particles, 
on  increasing  in  sise,  pass  apparently  through  the  shades  of  orange 
to  red,  and  finally  to  a  very  dark  oolonr. 

No  sample  of  so-called  amorphous  phosphorus,  prepared  in  the 
various  ways,  as  stated  previously,  has  possessed  wholly  the  pro* 
perties  of  a  true  amorphous  body,  but  all  the  methods  of  preparation, 
whether  by  the  action  of  heat  or  light,  yield  a  substanoe  which  is 
more  or  less  transparent,  and  perhaps  crystalline  in  its  nature.  So, 
also,  all  the  numerous  samples  of  commercial  amorphous  phosphorus 
examined  appear  to  be  distinctly  of  a  crystalline  nature.  It  might  be 
said  that  the  definite  crystalline  form  of  phosphorus  in  this  condition 
should  be  capable  of  being  determined,  but  phosphorus  generally,  in 
respect  to  crystallisation,  appears  to  be  an  abnormal  body,  as  was 
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found  by  Hermann  (Ber.,  4, 1415).  It  would,  therefore,  appear  that  the 
term  amorphous  phosphorus,  applied  to  the  substance,  is  a  distinct 
misnomer,  and,  so  far  from  commercial  amorphous  phosphorus  con- 
stituting a  separate  allotropic  modification  of  this  element,  the 
conclusion  arrived  at  from  the  work  detailed  in  this  paper  is  that 
the  so-called  amorphous  phosphorus  is  reallj  the  same  as  the 
allotropic  form  called  rhombohedral  or  metallic  phosphorus,  the  verj 
slight  differences  in  character  noticed  between  the  substances  in 
question  being  explained  hj  the  difference  in  the  state  of  division 
and  the  slight  differences  in  property  due  to  their  mode  of  formation. 
"Whether  the  term  amorphous  phosphorus,  also,  can  be  truly  applied 
to  the  forms  of  allotropic  phosphorus,  made  by  the  action  of  light,  is 
open  to  grave  doubt ;  for,  even  in  these  cases,  there  appear  to  be  dis- 
tinct evidences  of  crystalline  form,  though  it  is  true  that  a  form  of 
phosphorus  which  appeared  to  be  amorphous  was  obtained  in  some  of 
the  experiments.  Practically,  however,  it  is  believed  it  would  be 
better  to  altogether  discard  the  use  of  the  term  ^*  amorphous" 
phosphorus. 


XXXIX. — The  Action  of  Chlorine  on  Water  in  the  Lights  and  the 
Action  of  Light  on  Gertadn  Ohhrine  Adds,  , 

By  Albxandir  Pbdlbb,  F.I.C. 

That  a  solution  of  chlorine  in  water  when  exposed  to  the  action  of 
light  gradually  changes  in  composition  is,  perhaps,  one  of  the  best 
known  facts  in  chemistry.  The  explanation  of  the  change,  as  given 
in  most  modem  text-books  on  chemistry,  is  that  oxygen  is  evolved  by 
the  direct  action  of  the  chlorine  with  the  formation  of  hydrogen 
chloride,  according  to  the  equation  2HaO  +  201^  =  4HC1  +  O2.  The 
statement  is  also  made  that  when  chlorine- water  is  placed  in  direct 
sunlight,  the  whole  of  the  free  chlorine  may  thus  combine  with  the 
hydrogen  of  the  water,  evolving  its  equivalent  volume  of  oxygen.  A 
proposal  has  indeed  been  made  (Wolters,  Pogg.,  94,  579 ;  Aim.  Chem, 
Fharm.y  Suppl.,  4,  63)  to  employ  this  reaction  in  measuring  the 
ohemical  action  of  light.  In  direct  tropical  sunlight  the  decomposi- 
tion of  chlorine-water  is  so  rapid  that  it  can  be  used  as  a  lecture 
experiment,  and  a  strong  solution  of  chlorine  in  water  in  the  full 
blaze  of  the  sun  in  the  hot  season  in  Calcutta,  is  actually  seen  to 
effervesce  very  decidedly.  It  is  also  stated  in  connection  with  this 
VOL.  Lvri.  2  T 


Digitized  by^OOQlC 


614  PEDLER:  TBE  ACTION  OP  CHLORINE   ON  WATER, 

decomposition  that  "the  rate  of  tlie  decomposition  of  the  water 
(by  the  chlorine)  is  influenced  bj  the  quantity  of  hydrogen  chloride 
which  has  previously  been  formed,  and  the  presence  of  this  substance 
is  said  to  greatly  retard  the  action,  according  to  a  complicated  law  " 
(Roscoe  and  Schorlemmer,  "Treatise  of  Chemistry,"  1,  124). 

Berthelot  (Ann,  Chini,  Phys.  [5],  22,  469)  has,  however,  shown 
that  the  solubility  of  chlorine  in  water  varies  for  the  same  temperatnre 
with  the  time  of  contact  and  the  intensity  of  light,  the  variations 
being  due  to  a  slow  decomposition  of  water  with  the  formation  of 
oxy-acids  of  chlorine,  thus  indicating  that  the  equation  given  above, 
in  some  cases,  at  all  events,  is  not  strictly  true. 

Popper  (Annalen,  227^  161;  also  Abstr.,  1883,  48,  631)  has 
subsequently  made  experiments  proving  that  chlorine- water,  on 
exposure  to  sunlight,  is  probably  converted  into  hydrogen  chloride 
and  chloric  acid,  whilst  oxygen  is  given  off ;  perchloric  acid  is  not 
formed,  and  the  question  as  to  the  formation  of  hypochlorous  acid  was 
left  unsettled.  In  a  subsequent  paper,  the  same  author  {Annalen^  231, 
137;  also  Abstr.,  1886,  50,  301),  describing  his  farther  work  on 
the  subject,  gives  the  following  equation  as  representing  the  decom- 
position of  chlorine- water  by  sunlight : — 

501,  +  5H,0  =  HCIO,  -I-  9HC1  +  0,. 

In  the  course  of  a  long  series  of  experiments  made  on  the  action  of 
light  on  various  substances  and  on  different  chemical  reactions,  certain 
facts  have  been  discovered  which  prove  that  neither  of  the  statements 
made  above  really  represents  the  whole  facts  of  the  case,  and  that 
neither  equation  is  wholly  right,  or  wholly  wrong. 

The  action,  indeed,  of  chlorine  on  water,  in  the  first  place,  requires 
certain  conditions  before  it  will  take  place  at  all ;  and  secondly,  it  has 
been  found  that  more  than  one  action  is  possible  when  the  conditions 
of  exposure  of  light  vary. 

In  the  first  experiments  which  will  be  described,  the  following  was  the 
plan  of  procedure.  Pure  moist  chlorine  was  passed  through  glass  tubes 
of  known  capacity,  provided  either  with  stopcocks  at  each  end,  or  which 
could  be  easily  hermetically  sealed,  until  all  the  air  was  swept  out ; 
when  this  was  effected,  definite  volumes  of  distilled  water  were  ran 
into  the  tabes,  displacing  the  corresponding  volame  of  chlorine,  and 
the  tubes  were  then  sealed  or  the  stopcocks  closed,  and  the  tabes 
exposed  to  the  direct  rays  of  the  sun  for  certain  periods.  At  the  con- 
clusion of  the  exposure,  the  tubes  were  opened,  first  under  water, 
and  any  water  which  entered  was  measured,  so  as  to  note  the  contrac- 
tion; next,  the  amount  of  any  free  chlorine  left  was  estimated; 
and  third,  the  volume  of  the  oxygen  produced  was  measured.  It  will 
be  noticed  that  in  the  first  equation  given  above,  for  every  ten  volume^ 
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of  chlorine  wliicb  act  on  the  water,  five  volames  of  oxygen  should 
appear,  and  by  Popper's  equation  ten  volnmes  of  chlorinB  would  ouly 
yield  two  volames  of  oxygen. 

Experiment  1. — 83*5  c.c.  of  chlorine  were  taken  with  4  c.c.  of  water 
in  a  tube.  As  for  both  the  equations,  1  mol.  of  chlorine  requires 
1  mol.  of  water,  the  quantities  here  used  represent  roughly  64  mols.  of 
water  to  1  mol.  of  chlorine.  The  tube  was  exposed  for  a  month  to 
strong  diffused  daylight,  and  for  another  month  to  the  direct  action  of 
tropical  sunlight  in  Calcutta,  where  all  these  experiments  were  made. 
The  tube  thronghont  remained  strongly  coloured,  from  the  presence  of 
free  chlorine,  and  no  change  whatever  in  the  intensity  of  the  colour 
could  be  detected.  On  opening,  it  was  found  that  no  appreciab'e 
change  had  taken  place ;  there  was  no  diminution  in  volume  of  the 
gases  in  the  tube,  and  it  was  still  practically  filled  with  chlorine. 

Experiment  2. — A  sealed  tube,  containing  47  6  c.c.  of  chlorine  and 
3  c.c.  of  water,  giving  roughly  88  mols.  of  water  for  1  mol.  of 
chlorine,  was  exposed  to  direct  sunlight  from  January  29th,  1893,  to 
February  11th,  1890.  During  the  experiment  the  amount  of  suoshine 
was  estimated  by  a  Jordan's  sunshine  recorder,  and  ther^  wero 
1 32  hours  of  bright  sunshine  out  of  a  possible  amount  of  156*3  hours 
during  this  period.  No  perceptible  diminution  in  the  intensity  of 
the  colour  of  the  chlorine  could  be  detected  throughout  the  exposure. 
On  opening,  33*5  c.c.  of  chlorine  out  of  the  original  47*5  c.c.  of 
chlorine  were  found  to  be  unacted  on,  or  that  only  140  c.c,  or 
2D  per  cent,  of  the  original  amount  of  the  chlorine,  had  acted  on  the 
water,  while  only  65  c.c.  of  oxygen  had  been  formed,  theory,  according 
to  the  equation  2HjO  +  2CI2  =  4HC1  +  Oj,  requiring  7  c.c.  of 
oxygen  to  be  produced.  So  there  must  clearly  have  been  a  very  small 
portion  of  the-  chlorine  undergoing  another  reaction,  possibly  that 
suggested  by  Popper,  that  is,  SH^O  +  501,  =  HCIO3  -♦-  9HCI  +  0„. 
or  some  reaction  similar  to  this. 

Experiment  3. — 51  c.c.  of  chlorine  and  5  c.c.  of  water  were  exposed 
in  a  sealed  tube  to  direct  tropical  sunlight  for  14  days,  during  which 
there  were,  by  the  sunshine  recorder,  137*1  hours  of  bright  sunshine 
out  of  the  possible  amount  of  165'3  hours.  The  above  quantities 
represent  a  little  more  than  130  mols.  of  water  to  1  mol.  of  chlorine. 
A  slight  diminution  in  the  intensity  of  the  colour  of  the  chlorine 
could  be  detected  during  the  experiment,  but  even  after  the  14  days^ 
the  colour  of  the  chlorine  was  very  strongly  marked.  On  opening 
the  tube,  27*6  c.c.  of  chlorine  were  still  unacted  on,  and  11  c.c.  of 
oxygen  had  been  formed ;  23*4  c.e.  of  chlorine,  or  about  46  per  cent, 
of  the  original  volume,  had  thus  acted  on  the  water,  but  instead  of 
]  1*7  c.c.  of  oxygen  being  produced,  as  is  required  by  the  equation 
2H3O  +  2Cla  =  02  +  4HC1,  only  11  c.c.  were  produced.     Again, 
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therefore,  a  very  amaHl  amonnt  of  tbe  oxygen  had  disappeared  in  the 
formation  of  one  of  the  oxidised  acids  of  chlorine. 

Eayperiment  4. — 79*5  c.c.  of  clilorine  and  8  o.c.  of  water,  represent- 
ing ronghly  abont  1  mol.  of  chlorine  to  nearly  140  mols.  of  water, 
were  exposed  to  tropical  sunligiit  from  January  20th,  1890,  to 
February  3rd,  1890,  during  which  period  there  were  1 3  7*1  hours  of 
bright  sunshine  out  of  the  possible  amount  of  165*3  hours.  Again, 
during  the  exposure  the  intensity  of  the  colour  of  the  chloriiie 
scarcely  changed,  and  at  the  close  the  tube  had'  still  a  deep  colour. 
On  opening,  56 '4  c.c.  of  free  chlorine  were  fonnd  to  be  present,  and 
there  were  only  6*2  c.c.  of  oxygen  formed.  Thus  in  this  case  only 
23*1  c.c.  of  chlorine,  or  29  per  cent,  of  the  gas  originally  present,  had 
acted  on  the  water,  and  instead  of  the  formation  of  11 '5  c.c.  of  oxygen 
required  by  the  equation  2TL2O  +  2CI2  =  4HC1  +  Oj,  only  6*2  c.c.  of 
oxygen  were  formed.  There  liad  in  this  case,  therefore,  been  con- 
siderable combination  of  the  oxygen  to  form  an  oxidised  acid  of 
chlorine. 

Experiment  5.-37  c.c.  of  Chlorine,  and  10  c.c.  of  water,  represent!  ngf 
about  1  mol.  of  chlorine  to  412  mbls.  of  ^water,  were  exposed  to 
tropical  sunlight  for  14  days,  during -which  there  were  1371  hours  of 
bright  sunshine,  as  indicated  by  the  sunshine  recorder,  out  of  the 
possible  amount  of  165  3  hour^.  Even  after  two  days,  there  was  a 
perceptible  diminution  in  the  intensity  of  ^e  colonr  of  the  chlorine, 
showing  that  action  was  taking  place,  but  the  diminution  of  colour 
subsequently  continued  extremely  slowly  {if  at  all),  and  even  after 
the  14  days,  there  was  a  distinct  amount  of  free  chlorine  in  the  tube, 
as  indicated  by  the  colour.  On  opening  it,  8*5  c.c.  of  free  chlorine  only 
were  found,  and  there  were  10  c.c.  of  oxygen  formed.  Thus,  28*5  c.c. 
of  chlorine,  or  about  78  per  cent,  of  the  total  ameunt  used,  had  acted 
on  the  water,  and  instead  of  the  1425  c.c.  of  oxygen  which  should 
liavebeen  formed^ujcording  to  the  equation  2H20  +  2Clt  =  4HC1  +  O,, 
only  10  c.c.  of  oxygen  were  formed,  proving,  again,  that  a  certain 
amount  of  the  oxygen  had  been  utilised  in  forming'One  of  the  oxidised 
acids  of  chlorine. 

The  principal  facts  detailed  in  t(he  al)ove  five  experiments  are  sum- 
mai'ised  in  the  table  (p.  617). 

The  general  result  of  these  experiment's,  therefore,  is  to  show  that 
chlorine  and  water,  when  placed  in  very  strong  tropical  sunlight, 
have  comparatively  little  action  on  each  other,  even  when  the  number 
of  molecules  of  water  is  as  much  as  a  hundred  times  as  great  as  that 
required  by  theory ;  ihe  action  is  larger,  ranging  up  to,  perhaps,  nearly 
50  per  c»nt.  of  the  possible  amount,  when  the  number  of  molecules  of 
water  is  about  150  for  every  molecule  of  chlorine.  When  the  number 
of  molecules  of  water  is  more  tban  400  for  every  single  molecule  of 
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No. 

of 

£xpt. 


Tol.  of 

CI 
taken. 


Vol.  of 
HjO 
used. 


No.  of  mole- 
cules of 
HjO  for 
every  1 
molecule 
of  CI . 


Period  of 

eipoBure  to 

sunlight. 


Percentage 
of  01  which 
had  acted 

on  the 

H,0. 


Vol.  of  O 
liberated 
for  every 
2  vols,  of 
CI  whicb 
had  disap- 
peared. 


1 
2 
3 

4 
5 


88-4C.C. 
47-6  „ 
51  0  „ 
79-6  „ 
37  0    „ 


4c.c. 
8  „ 
5  „ 
8  » 
10    „ 


64 

88 

180 

140 

412 


2  months 
132  hours* 
187  1    „ 
187  1  „ 
187  1    „ 


No  perceptible  action 
0-93 


46 
29 

78 


0-94 
0*54 
0-70 


cUorine,  tbe  reaction  becomes  much  more  rapid,  but  even  then 
reaction  only  proceeds  to  the  extent  of  abont  four- fifths  of  the  possible 
amoTtnt. 

Further,  it  would  appear  that  with  the  smaller  ratios  of  water 
and  chlorine,  the  reaction  becomes  nearly  that  required  bj  the  equa- 
tion 2H2O  +  2Cla  =  4HC1  -f  O2,  but  that  as  the  amount  of  water  is 
increased,  a  certain  amount  of  oxidised  chlorine  adds  is  formed, 
and  that  in  addition  to  the  simple  action  usuallj-  represented  to  occur, 
other  actions  represented  by  some  such  equation  as  that  suggested  by 
Popper  (5HaO  +  6C1,  =  9HC1  +  HCIO,  +  O,)  may  take  place. 

In  the  case  of  ordinary  chlorine  water,  supposing  the  water  to  be 
saturated,  say,  at  30**  to  32°,  which  is  about  the  average  working  tem- 
perature in  a  laboratory  at  Calcutta,  the  weight  of  chlorine  in  100  c.c. 
of  water  would  be  about  0*5666  gmn.  In  other  words,  the  ratio  of 
chlorine  to  water  in  such  a  sample  would  be  1  mol.  of  chlorine  to 
about  708  mols.  of  water,  and  hence  the  results  of  the  abore  experi- 
ments would  show  that  with  ordinary  chlorine  water  the  decemposi^ 
tion  may  be  expected  to  be  both  more  rapid  and'  more  complete  than 
in  the  above  cases,  and  that  also  the  reaction  may  perhaps  yield 
oxidised  chlorine  acids,  and  hence  the  quantity  of  oxygen  evolved  in 
the  reaction  will  be  comparatively  small. 

A  very  large  series  of  experiments  on  the  action  of  light  on  chlorine 
water  has  been  made,  and  in  these  experiments  three  degrees  of  inten- 
sity of  light  were  used.  In  some  experiments  the  direct  rays  of  the 
tropical  sun  in  the  hottest  season  of  the  Indian  year  were  allowed  to 
fall  on  the  chlorine- water ;  in  others,  the  experiments  were  carried 
on  in  very  strong  diffused  daylight^  by  putting  the  apparatus  in  an 
open  verandah  facing  the  south,  but  so  that  the  direct  rays  of  the  sun 
could  not  reach  the  apparatus  ;  and,  third,  the  experiments  were  made 
opposite  the  window,  in  a  room  with  a  north  light  only,  so  that  only 

•  Actual  hours  of  full  tropical  sunlight  as  indicated  by  sonshine  recorder. 
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feeble  diffased  daylight  could  act  on  the  solutions.  The  nsnal  method 
of  experimenting  was  to  place  the  chlorine  water  of  known  composition 
in  flasks  holding  half  a  litre  and  upwards,  almost  filled  with  the 
liquid,  and  provided  with  tightly  fitting  corks  and  delivery  tuhes,  the 
latter  being  placed  under  graduated  tubes  filled  with  water,  and 
standing  in  pneumatic  troughs.  After  exposure,  the  gas  evolved  was 
me^ured,  and  the  contents  of  the  flasks  analysed.  In  the  first  set  of 
experiments  the  effect  of  full  trojMcal  sunlight  on  chlorine  water  was 
determined,  and  the  results  are  given  in  the  table  (p.  618). 

In  all  these  cases  the  volumes  of  oxygen  evolved  were  determined, 
but  in  each  experiment  the  gas  collected  fell  considerably  short  of 
the  theoretical  amount.  In  the  first  place  as  shown  above,  small 
amounts  of  chloric  acid  were  produced  which  would  account  for  a 
diminution  in  the  oxygen,  and  secondly,  the  oxygen  evolved  would 
probably  first  thcuroughly  saturate  the  liquid  with  the  gas,  and  it  was 
noticed  in  each  case  that  on  agitation  of  the  liquid  at  the  end  of  eaph 
experiment  considerable  effervescence  took  place.  Thus  the  amounts 
of  oxygen  collected  could  not  be  used  to  indicate  definitely  the  re- 
action which  was  going  on. 

The  general  result  of  the  experiments  with  chlorine  water  eiq)osed 
to  direct  tropical  sunlight  may,  therefore,  be  said  to  be  in  favi^ur  of 
the  simple  equation  2H2O  +  201,  ^  4HC1  +  Oj  as  representing 
practically  the  reaction,  for  the  amount  of  chlorij^  acid  fomued  in 
each  case  was  exceedingly  small. 

Next,  the  inflnence  of  strong  difhised  daylight  as  obtained  in  an 
open  south  verandah  was  tried  on  chlorine  water,  the  experiments 
being  so  arranged  that  no  direct  rays  of  the  sun  could  fall  on  the 
apparatus,  while  it  could  receive  the  strongest  diffused  light  possible. 
The  general  results  of  these  experiments  are  contained  in  the  table 
(p.  619). 

In  order  to  further  prove  the  existence  of  the  hypochlorous  acid  in 
the  last  two  cases,  some  of  the  solutions  were  divided  into  equal 
volumes,  and  one  half  neutralised  wit]|i  potassic  hydrate,  then  mixed 
with  the  second  half,  and  carefully  distilled.  In  t^he  distillate,  con- 
siderable amounts  of  hypochlorous  acid  could  be  detected  by  the  usual 
methods.* 

It  will  be  noticed  in  the  case  of  these  experiments  in  diffused  day- 
light, that  there  were  slight  variations  of  the  results,  and  that  either 
hypochlorous  acid  or  chloric  acid,  or  both,  were  produced.  The  only 
variations  in   the  circumstances  of  the  experiments  which  could 

*  It  may  be  desirable  here  to  remark  that  oonsiderable  dlBcusaion  has  talceci  place 
between  Gopner  and  Hugo  Sohiff  as  to  the  eonstitution  of  the  so-called  ohiorine 
hydrate  (Cls,l0H3O),  the  former  oonsidenng  this  compound  to  be  HOCl,  HCl^QH^O, 
while  the  latter  disputes  this  explanation  of  its  constitutjion. 
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cause  these  differences  were  the  possible  variation  in  the  intensity  of 
the  diffused  light  caasing  the  reaction  and  the  duration  of  the  ex- 
posure. To  test  whether  this  was  the  cause  of  the  variation  in  the 
results,  some  experiments  were  made  inside  a  room,  the  apparatus 
being  placed  opposite  a  window  with  a  north  light,  when  only  very 
moderate,  diffosed  light  could  reach  the  ohlofrine  water. 

Expervment  1. — A  sample  of  chlorine  water,  of  which  10  c.c.  con- 
tained 00195  gram  of  chlorine,  was  exposed  to  the  action  of  the  light 
from  a  north  window  for  37  days,  and  during  the  action,  not  a  single 
bubble  of  oxygen  gas  escaped  from  the  apjMuratus.  At  the  end  of  the 
time,  the  liquid  had  a  very  faint  yellow  colour  only,  and  had  a  smell 
of  hypochlorous  acid.  With  mercury,  it  gave  a  very  decided  reaction 
for  the  presence  of  hypochlorous  acid,  and  the  amount  of  this  acid^ 
as  determined  by  this  reaction,  was  0*0089  gram  in  10  c.c.  The 
amount  of  chlorine  in  the  hypochlorous  acid  as  indicated  by  the 
liberation  of  iodine  equalled  0*0077  gram. 

Experiment  2. — In  another  experiment,  chlorine  water  again  yielded 
no  gas  after  exposure  for  88  days  to  the  light  from  a  north  window, 
after  which  period  the  solution  had  become  colourless,  and  it  smelt 
strongly  of  hypochlorous  acid.  This  acid  was  also  proved  to  be 
present  in  considerable  quantity  by  the  reaction  with  mercury,  &c. 
Chloric  acid  was  also  shown  to  be  present  in  Small  amount  in  the 
exposed  liquid. 

ExperimerU  3. — In  another  experiment,  am  amount  of  chlorine  wat'Pr 
which,  according  to  the  equation  2H2O  +  2Cla  =  4HC1  +  02,  should 
have  yielded  about  74  c.c.  of  oxygen  was  exposed  for  46  days  in 
diffused  daylight  opposite  the  north  window  in  a  room,  when  only 
5  c.c.  of  oxygen  were  evolved.  The  liquid  became  almost  colourless, 
and  was  found  to  contain  moderate  amounts  of  hypochlorous  and 
chloric  acids,  bat  no  chlorous  acid  or  hydrogen  dioxide. 

The  most  probable  explanation  of  the  general  result  of  the  above 
experiments  on  the  action  of  strong  and  also  more  feeble  diffused 
light  appears  to  be  that  the  first  action  of  chljorine  on  water  is  to 
form  hypochlorous  acid  and  hydrochloric  acid,  aecording  to  the 
equation  HjO  +  Cl»  =  HCl  +  HCIO,  and  that  by  the  continued 
action  of  light,  the  hypochlorous  acid  itself  changes  into  chloric  acid. 

That  this  is  the  most  probable  reaction  is  supported  by  soch  ex- 
periments as  these.  Chlorine  water  which  contained  0*0355  gram  of 
chlorine  in  10  c.c,  after  standing  for  about  24  to  3(6  hours  in  rather 
feeble  light,  when  tested  by  the  usual  mercury  process  of  estimating 
hypochlorous  acid,  yielded  in  the  same  volume  0*0116  gram  of  this 
acid.  After  exposure  to  strong  diffused  daylight  lor  5  days,  the 
amount  was  reduced  to  00013  gram  in  10  c.e.  After  10  days'  ex* 
posnre,  the  acid  could  still  be  detected  by  the  mercury  process,  but 
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the  amoant  was  very  small,  and  after  32  days  no  hypoclilorons  acid 
could  be  detected,  and  the  liqaid  had  practically  ceased  to  bleach  in 
the  cold.  At  the  conclusion,  by  the  zinc-copper  couple  process,  the 
amoant  of  chlorine' as  chloric  acid  in  10  c.c.  of  this-  liqnid  was  fonnd 
to  eqnal  00080  gram,  or  to*  about  a  tenth  of  the  original  weight  of  the 
chlorine  in  the  chlorine  water. 

The  problem  can  also  be  approached  by  the  study  of  the  properties 
of  dilute  solutions  of  hypochlorous  »cid.  The  usual  statement  as  to 
this  acid  is,  that  only  dilute  solutions  are  stable,  and  tha»t  concen- 
trated solutions  are  readily  decomposed  by  exposure  to-  sunlight, 
partly  yielding  chlorine  and  oxygen,  while  another  part  undergoes 
oxidation,  yielding  chloric  acid.  In  all  the  cases^  dealt  with  in  the 
previous  experiments,  very  dilute  solutions  of  hypochlorous  acid 
would  be  present.  It  was  therefore  thought  desirable  to  make  some 
experiments  on  the  action  of  diffused  light  on  dilute  hypochlorous 
acid,  and  the  following  are  some  of  the  results. 

Experiment  1. — A  sample  of  hypochloroua  acid  was  obtained  by 
the  action  of  chlorine  on  mercuric  oxide  suspended  in  water.  It  was 
then  allowed  to  stand  over  mercuric  oxide  and  distilled;  no  free 
chlorii^e  was  given  off  during  the  distillatian..  The  liquid  was  very 
feebly  acid,  and  a  few  drops  of  potassic  hydrate  solution  made  it 
alkaline,  but  the  alkaline  solution  as  well  as  the  original  solution 
bleached  vigorously.  Both  by  the  mercury  test  (2Hg  +  2HG10  = 
HgCltHgO  +  H,0),  and  as  judged  by  the  action  with  potassic  iodide 
and  titration  of  the  iodine  by  sodic  thiosulphate,.  10  c.o.  of  distilled 
liqaid  contained  an  amount  of  chlorine  in  the  acid  equal  to- 0*0316 
gram  of  chlorine.  10  c.c.  of  liquid  were  also  reduced  by  the  zinc- 
coppei*  couple,  and  found  to  contain  hypochh)rons  acid  equivalent  to 
0*0306  gram  of  chlorine.  Exposed  to  the  action  of  strong  diffused 
daylight,  after  IQ  days,  60  c.c.  yielded  9  c.c.  of  gas,  and  on  continuing 
the  exposure  for  10  to  11  days,  a  total  of  18  c.c.  of  oxygen  was 
evolved,  when  by  the  mercury  test  no  free  hypochlorous  acid  could  be 
detected.  The  liquid  still  bleached  slowly,  but  not  so  vigorously 
as  before.  10  c.c.  when  tested  with  standard  potassic  hydrate  solution 
contemned  as  much  free  acid  as  was  eqaivalent  to-  0*0302  gram  of 
chlorine,  but  when  tested  with  standard  silver  nitrate  solution,  it 
yielded  chloride  corresponding  with  0*022^  gram  of  chlorine  only. 
10  c.c.  treated  with  the  zinc-copper  couple,  and  then  the  total  chlorine 
as  chloride  estimated,  contained  0*0292  gram  of  chlorine.  These  last 
two  numbers  are  nearly  in  the  ratio  3  r.  4,  for  in  that  case  the  weights 
would  be  0*0219  (instead  of  00224)  to  00292.  Thus  it  is  clear  thnt 
about  three-fourths  of  the  acid  present  was  in  the  form  of  hydrogen 
chloride,  and  one-fourth  as  an  oxidised  chlorine  acid  (that  is 
chloric  acid),  and  the  slow  bleaching  action  of  the  solution  can  be 
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accounted  for  by  the  presence  of  chloric  acid.  Now,  it  can  be  calca- 
lated  that  60  c.c.  of  the  acid  of  this  strength,  woald  contain  ronghlj 
aboat  60  c.c.  of  oxygen  in  the  hypochlorons  acid,  but  only  18  c.c. 
were  evolved,  whick  is  a  little  more  than,  a  fourth  of  the  total  amount. 
By  the  actiom  of  concentrated  hydrochJaric  acid  and  potassic  iodide, 
distinct  amounts  of  iodine  were  liberated,  indicating  again  the  exis- 
tence of  chloric  acid  in  solntion.  The  equation  for  the  decomposition 
of  hypochlorous  acid  which  will  therefore  be  most  nearly  in  accord- 
ance with  the  above  numbeus  is  4HC10  =  HCIO,  -h  3HCI  +  O.  It 
is  quite  possible  that  the  reaction  representing  the  decomposition  of 
hypochlorous  acid  by  the  action  of  strong  diffused  light  is  not  very 
sharply  defined,  but  for  working  purposes  it  may  be  taken  that  solu- 
tions of  hypochlorons  acid  of  the  strength  above  indicated,  when  thus 
exposed,  undergo  the  above  decomposition.  That  this  reaction 
partly  depends  on  the  stoength  of  the  acid  whioh  is  being  decom- 
posed, is  shown  by  the  foUowing  experiment : — A  dilute  solution  of 
distilled  hypochlorous  acid  contaijiing  in  10  c.e.  of  solution 
00293  gram  of  cbloriue  as  hypochlorous  acid,  as  judged  both  by 
reduction  witb  ±he  zinc-copper  couplet^  and  by  the  liberajtion  of  iodine 
from  potassic  iodide,  that  is,  of  practically  the  same  strength  as  used 
in  the  pnevious  experiment,  was  dilated  with  distilled  water,  50  c.e. 
of  the  acid  being  taken  to  30  c.c.  of  watei;,  and  the  diluted  acid  ex- 
posed to  strong  tropici^  sunshine  for  seven  days.  Only  a  amtiU 
amoust  of  oxygen  gas  was  evolved  during  the  decomposition.  At 
the  end  of  seven  days  the  solution  had  almost  entirely  lost  its  power 
of  bleaching,  and  no  trace  of  hjpochloroMS  acid  could  be  detected  hj 
the  mercury  reaction.  A  volume  representing  10  c.c.  of  the  original 
hypochlorous  acid,  after  this  exposure,  required  an  amount  of  standard 
alkali  solution  equivalent  to  00292  gram  of  chlorine,  but  by  standard 
silver  nitrate  solution,  the  .amount  of  chlorine  present  as  chloride  was 
found  to  be  00234  gram.  The  same  volum^e  of  solution  reduced  by 
the  zinc-kCopper  couple,  and  tested  with  standard  silver  nitrate  solution 
then  contained  0*0289  gram  of  total  chlorine  as  chloride,  indicating 
also  that  there  had  been  chloric  acid  presient  in  this  case.  These 
figures  stand  nearly  in  the  ratio  of  4  to  5,  and  would  indicate  a  prob- 
able decomposition  according  to  the  equation  5HC10  =  4HC1  + 
HCICX  +  Oj.  Fna^her,  the  intensity  of  tho  light  appears  to  exert  a 
distinct  influence  on  the  character  of  the  decomposition,  for  two 
samples  of  the  same  solution  of  hypochlorous  acid  were  decomposed 
by  the  action  of  light,  and  while  in  one  case  100  c.c.  of  the  liquid 
exposed  to  the  full  blaze  of  tropical  sunshine  gave  off  50*6  c.c.  of 
oxygen,  100  c.c.  of  the  same  solution  exposed  merely  to  strong 
diffused  daylight  gave  off  only  20*0  c.c.  of  oxygen. 
It  might  perhaps  be  imagined  that  even  chloric  add  itself  would 
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not  be  stable  in  the  conditions  worked  nnder  in  these  experiments, 
for  it  is  stated  that  concentrated  solntion  of  chloric  acid  forms  per- 
chloric acid  on  being  exposed  to  light.  To  test  whether  this  was  the 
xsase  or  not^  some  solutions  of  chloric  acid  of  definite  strengths  were 
prepared  and  exposed  to  the  action  of  strong  tropical  sunlight. 
Solutions  of  chloric  acid  containing  a  fif^h  of  a  mol.  in  grams,  a  tenth 
of  a  mol.,  a  twentieth  of  a  mol.,  and  a  thirtieth  of  a  mol.  in  a  litre  of 
water,  were  prepared  and  placed  in  fiasks,  so  that  the  solutions  nearly 
filled  them,  the  fiasks  being  provided  as  usual  with  delivery  tubes. 
They  were  then  exposed  to  the  action  of  sunlight.  In  no  case  was 
any  oxygen  evolved,  proving  that  if  any  decomposition  was  occurring, 
it  must  be  the  entire  conversion  of  Hhe  chloric  into  perchloric  acid 
by  such  a  reaction  as  ^^^ilClO,  =s  SHGlOi  +  HCl.  To  estimate  if  any 
change  of  this  kind  had  gone  on,  the  amount  of  chlorine  as  chloride 
WHS  determined  in  tbe  solutions  at  different  periods  of  the  exposure. 
At  first,  all  the  solutions  were  entirely  free  irovk  chloride,  but  after 
two  days^  exposure,  that  is,  to  about  16  hours'  full  sunshine,  the  N/5 
and  N/10  solutions  showed  distinct  turbidity  with  silver  nitrate 
solution,  but  N/20  and  N/30  solutions  showed  little  or  no  change. 
After  six  days'  exposure,  during  which  there  wece  48*4  hours  of  bright 
sunshine  out  of  a  possible  duration  of  68*4  hoars,  there  was  in  all 
cases  slight  evidence  of  change,  but  it  was  found  that  less  than  a 
fiftieth  of  the  chloric  acid  had  been  changed  to  hydrochloric  acid. 
After  15*  days'  exposure,  during  which  there  were  134*2  hoars  of 
bnght  sunshine  out  of  the  possible  amount  of  184  hours,  in  the 
various  solutions  the  proportions  of  chloride  to  the  original  chlorate 
were  as  follows : — 

In  the  N/5  solution,  3*2  atoms  of  chlorine  as  ehloride  to  100  atoms 

of  chlorine  as  chlorate. 
In  the  N/10  solution,  21  atom»  ef  chlorine  a»  chloride  to  100  atoms 

of  chlorine  as  chlorate 
In  the  N/20  solution,  31  atoms  of  ehlorine  as- chloride  to  100  atoms 

of  chlorine  as  chlorate 
In  the  N/30  solution,  2*3  atomaof  chlorine  as  chloride  to  100  atoms 

of  chlorine  as  chlorate. 

The  decompositioo  of  chloric  acrid  in  dilute  solutions  under  tbe 
influence  of  sunlight  is,  therefore,  so  small  that  its  change  in  the 
previous  experiments  with  chlorine  water  may  be  practically 
neglected,  and  it  may  be  considered  that  the  change  in  the  experi- 
ments made  with  chlorine  water  by  the  action  of  light  ends  with  the 
production  of  chloric  acid. 

The  results  of  the  above  experiments  may  be  thus  briefly  suin» 
maiised : — Chlorine  has  very  little  action' on  water,  even  in  the  direct 
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rays  of  a  tropical  sun,  unless  the  water  is  in  relatirelj  enormons 
excess,  the  amount  of  water  required  heing  about  400  times  as  large 
as  that  indicated  by  theory,  before  even  moderate  action  takes  place. 
The  main  reaction  which  takes  place  between  a  large  excess  of  water 
and  small  amounts  of  chlorine  in  the  fall  blaze  of  an  Indian  sun  in 
the  hot  season  of  the  year  is  that  expressed  by  the  equation  2H2O  + 
2C1«  =  4HC1  +  0,.  On  the  other  hand,  in  feeble  diffused  light,  the 
first  action  which  takes  place  between  water  and  chlorine  may  be 
expressed  by  the  equation  H«0  +  CI,  =s  HCl  -f  HCIO,  but  the  hypo- 
chlorous  acid  formed  i«,  in  its  turn,  decomposed  by  light  with  the 
formation  of  chloric  aeid,  so  that  in  diffused  light  or  in  Hght  less 
brilliant  than  tropical  sunshine,  the  final  reactions  become  such  as 
put  forward  by  Popper,  or  such  as — 

4C1,  4-  4H2O  =  4HC1  +  4HC10, 
and  4HC10  =  HCIO,  +  3HC1  +  0, 

or,  combining  the  two, 

4C1,  +  4H,0  =  7HC1  +  HCIO,  +  0. 

It  will  be  therefore  seen  that,  in  the  first  stages  at  all  events,  the 
action  of  chlorine  on  water  is  quite  similar  to  the  action  of  ctilorine 
on  dilute  and  cold  solutions  of  sodio  hydrate  or  potassic  hydrate,  and 
also  that  the  second  reaction  between  chlorine  and  water  is  very 
similar  to  the  action  of  chlorine^  on  more  oonoentrated  and  hot  aolu- 
tions  of  the  two  hydrates. 


XL. — Notes  on  the  Explosion  of  Sttlphuretted  Hydrogen  and  of  the 
Vapour  of  Carbon  Bisulphide  with  Air  and  Oxygen, 

By  Alexander  Pedleb,  F.I.G. 

In  carrying  out  certain  gas  analyses,  it  was  found  desirable  to  attempt 
to  determine  the  amoantsof  sulphuretted  hydrogen  and  of  the  vapour 
of  carbon  bisulphide  in  the  presence  of  air  by  explosion  with  oxygen. 
In  the  case  of  explosion  of  sulphuretted  hydrogen  with  oxygen, 
Dalton  has  stated,  '*  1  vol.  of  bydrosulphuric  acid  exploded  with 
half  a  vol.  of  oxygen  is  completely  converted  into  water  and 
sulphur,  because  half  a  vol.  of  oxygen  is  exactly  sufficient  to  conveH 
the  1  vol.  of  hydrogen  contained  in  1  vol.  of  hydrosulphnric  acid 
gas  into  water ;  with  1^  vols,  of  oxygen  it  is  completely  converted 
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into  water  and  0'87  vol.  (in  reality  1  vol.)  of  snlphnrons  acid  gas. 
In  this  case,  1  vol.  of  oxygen  combines  with  one-sixth  vol.  of  snlphur 
vapour  to  form  1  vol.  of  sulphurous  acid  gas;  part  of  this,  however, 
is  absorbed  by  the  water  which  is  formed  at  the  same  time " 
("Gmelin*s  Chem.,'*  2,  197).  But  beyond  these  brief  statements  no 
details  of  such  explosions  appear  to  have  been  published.  Similarly, 
in  the  case  of  explosions  of  carbon  bisulphide  vapour  with  oxygon, 
although  the  general  phenomena  are  well  known,  the  published 
results  are  almost  wanting.  Berzelius  and  Marcet  say :  "  Its  vapour 
(carbon  bisulphide),  mixed  with  oxygen  gas,  produces  a  most  violent 
explosion  ....  The  products  of  the  combustion  are  always 
sulphurous  and  carbonic  acids,  or  carbonic  oxide  if  the  supply  of 
oxygen  is  too  small  to  form  carbonic  acid  "  (**  G-melin's  Chem.,"  2, 203). 

The  usual  practice  hitherto  in  gas  analysis  has  been  to  determine 
the  sulphuretted  hydrogen,  either  by  a  bullet  of  manganese  dioxide, 
moistened  with  phosphoric  acid,  or  by  the  action  of  solution  of  cupric 
sulphate,  whilst  in  the  case  of  carbon  bisulphide  the  best  available 
method  has  perhaps  been  to  absorb  with  alcoholic  potash. 

The  results  of  explosions  of  these  two  sulphur  compounds  with  air 
and  oxygen,  however,  at  once  showed  that  besides  the  simple  oxida- 
tion of  the  sulphur,  hydrogen,  and  carbon  to  be  expected  by  theory, 
there  were  Becondary  reactions  going  on,  and  the  following  experi- 
ments were  made  to  endeavour  to  ascertain  what  was  their  nature. 
As  the  resuH  of  these  experiments  was  rather  exceptional,  it  is 
thought  desirable  to  place  the  main  facts  on  record.  It  may  be  here 
mentioned  that  all  the  experiments  to  be  described  were  performed  in 
one  of  McLeod*8  gas  analysis  apparatus,  and  all  the  gases  were  used 
in  the  moist  state. 

The  cause  of  the  secondary  reactions  was  at  once  shown  not  to 
exist  in  the  reaction  hetween  sulphuretted  hydrogen  and  air  and 
oxygen.  This  was  proved  by  taking  2'63  vols,  of  air  with  3'42  vols, 
of  pure  sulphuretted  hydrogen  and  12'59.vo1b.  of  pure  oxygen.  On 
explosion,  the  contraction  equalled  5*13  vols.,  the  sulphur  dioxide 
S'liS  vols.,  and  the  residual  nitrogen  2-19  vols.  The  equation  2H3S 
+  3O2  =  2S0,  +  2H2O  requires  that  the  contraction  should  be  one 
and  a  half  times  as  great  as  the  volume  of  sulphuretted  hydrogen 
used,  and  3*42  X  f  =  6*13.  It  may,  therefore,  be  assumed  that,  if 
necessary,  this  process  for  the  estimation  of  gaseous  sulphuretted 
hydrogen  can  be  used  with  feir  accuracy. 

The  case  is,  however,  very  different  with  the  vapour  of  carbon 
bisulphide.  The  method  of  procedure  in  the  experiments  about  to  be 
described  was  as  follows : — A  volume  of  air  was  taken  and  measured 
in  .the  eudiometer  tube.  It  was  then  passed  back  to  the  laboratory 
tube,  where  it  was  saturated  with  the  vapour  of  some  carbon  bi- 
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snlpliide  which,  had  been  -specially  purified.  After  measuring  the 
volame  of  air,  plus  the  carbon  bisulphide  vapour,  it  was  mixed  with 
a  considerable  excess  of  oxygen,  and  exploded  at  a  tension  which  was 
measured.  The  contraction,  the  volume  of  sulphur  dioxide,  the  carbon 
dioxide,  and  the  residual  nitrogen  were  then,  in  most  of  the  experi- 
ments, measured.  By  tbe  equation  CS,  -f  30,  =  OOj  +  2SO2,  the 
amount  of  contraction  should  equal  precisely  the  volume  of  the  carbon 
bisulphide  vapour  ased,  whilst  the  volume  of  carbon  dioxide  should 
be  equal  to  that  of  the  carbon  bisulphide,  and  that  of  sulphur  dioxide 
should  be  twice  as  great  as  the  carbon  bisulphide  vapour. 

The  following  is  a  typical  result  of  the  explosion  of  vapour  of 
carbon  bisulphide  with  air  and  excess  of  oxygen  : — 2'42  vols,  of  air 
were  mixed  with  3'02  vols,  of  carbon  bisulphide  vapour,  and  then 
with  9*96  vols,  of  pure  oxygen,  and  the  mixture  exploded.  The  con- 
traction on  explosion  was  3'61  vols.,  the  sulphur  dioxide  and  carbon 
dioxide  together  equaHled  9*00  vols.,  and  the  amount  of  nitrogen  left 
behind  was  TG?  vols.  Now,  the  original  volume  of  air  would  have 
contained  1-914  vols,  of  nitrogen,  so  there  had  been  a  very  distinct 
disappearance  of  ^his  gas  during  ^the  explosion ;  on  the  other  hand, 
the  volume  of  CO2  +  S0»  together  should  have  equalled  9*06  vols., 
and  only  9*00  vols,  were  found.  The  contraction  should  have  equalled 
3'02  vels.,  or  the  volume  of  the  carbon  bisulpMde  vapour,  whilst  it 
actually  measured -S'Gl  vols.  There  had  thus  clearly  been  a  disap- 
pearance of  nitrogen  and  of  either  sulphur  dioxide  or  carbon  dioxide, 
and,  probably,  of  oxygen; as  well,  in  this  experiment. 

In  a  second  experiment,  2*14  vols,  of  air  were  mixed  with  422  vols, 
of  carbon  bisulphide  vapour,  and  19*99  vols,  of  oxygen  were  added. 
The  mixture  was  exploded  at  a  tension  of  150  mm.,  when  a  bright 
blue  flash  and  very  decided  explosion  occurred,  and  a  small,  white 
deposit  occurred  in  the  tube.  The  contraction,  which  was  measured 
about  five  to  ten  minutes  after  the  explosion,  equalled  6"29  vols.,  while 
the  amount  of  sulphur  dioxide  was  7*83  vols.,  that  of  carbon  dioxide 
was  4*09  vols.,  and  1*57  vols,  of  nitrogen  were  left. 

In  this  experiment,  it  will  be  seen  that  the  contraction  was  1'07  vols, 
in  excess  of  theory,  the  volume  of  sulphur  dioxide  found  was  less 
than  the  theoretical  amount  by  0*61  vol.,  and  0*123  vol.  of  nitrogen 
had  diappeared. 

In  another  experiment,  which  gave  results  differing  even  more 
exceptionally  from  theory  than  the  last  two,  2*19  vols,  of  air  were 
mixed  with  6*88  vols,  of  carbon  bisulphide  vapour,  24' 71  vols,  of 
oxygen  were  added,  and  the  tension  of  the  gases  was  brought  to 
about  165  mm.,  when  the  explosion  was  made,  giving  a  bright,  sharp, 
purple-coloured  flash.  After  the  explosion,  a  small  amount  of  white 
deposit  was  seen  in  the  tube,  and  the  contraction,  instead  of  ceasing 
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when  the  temperature  of  the  gas  became  constant,  went  on  con- 
tinuously for  about  50  minutes,  when  it  became  exceedingly  slow.  A 
single  drop  of  water  was  then  allowed  to  enter  the  eudiometer  tube, 
when  at  first  a  distinct  expansion  took  place,  showing  probably  either 
that  the  gases  had  become  free  from  moisture,  and  were  expandinc^ 
from  the  tension  due  to  the  aqueous  vapour,  or  that  there  was  some 
substance  present  in  the  eudiometer  tube  which  was  decomposed  by 
the  action  of  water  eyolving  gases,  or  some  substance  that  eToWed 
heat  on  the  addition  of  the  water.  After  this,  contraction  recom- 
menced, and,  even  after  the  lapse  of  considerably  more  than  an  hour, 
the  contraction  of  the  volume  of  the  gas  or  absorption  was  still  going 
on,  though  very  feebly.  This  continued  contraction,  which  was  so 
very  largely  developed  in  this  case,  was  found  not  to  be  an  isolated 
phenomenon,  and  in  several  other  similar  experiments,  contraction 
has  gone  on  for  very  considerable  periods  after  the  explosion — even 
after  allowing  ample  time  for  the  gases  to  cool  down  to  their  original 
temperature  after  the  explosion. 

The  total  contraction  which  was  measured  in  this  experiment  was 
16*25  vols.,  whilst  the  sulphur  dioxide  produced  measured  4*74  vols., 
and  the  carbon  dioxide  5*50  vols.  Here  it  will  be  seen  the  amount 
of  contraction  was  16*25  vols,  instead  of  5*88  vols.,  or  nearly  t^ree 
times  as  great  as  theory ;  the  sulphur  dioxide  was  4*74  vols,  instead 
of  11*76  vols.,  or  about  one- third  of  the  theoretical  amount,  whilst 
the  carbon  dioxide  was  550  vols,  instead  of  5*58  v(^s.  There  was 
thus  a  comparatively  excessive  contraction,  and  a  similarly  large  losa 
of  sulphur  dioxide. 

The  behaviour  of  the  gases  in  this  experiment,  after  explosion,  at 
once  suggested  a  possible  explanation  of  the  unusual  phenomena 
obtained  in  these  experiments.  In  the  first  two  cases  it  will  be  seen 
that  less  nitrogen  was  found  at  the  conclusion  of  the  experiment 
than  there  was  at  starting — proving  that,  as  one  of  the  results  of  the 
explosion,  nitrogen  had  been  oxidised.  This  oxidation  appears  to  be 
similar  to  that  found  to  be  the  case  many  years  ago  by  Bunsen,  when 
nitrogen  in  presence  of  oxygen  was  exploded  with  considerable 
volumes  of  detonating  gas  (*'  Bunsen's  Oasometry,*'  English  Edition, 
p.  58).  The  oxide  or  oxides  of  nitrogen  formed  being,  then,  in 
presence  of  the  sulphur  dioxide,  produced  from  the  carbon  bisulphide 
and  of  the  moisture  in  the  eudiometer  tabe  (for  the  gases  were 
always  measured  in  a  moist  state  in  these  experiments,  and  the  eudi- 
ometer was  kept  moist)  and  also  of  free  oxygen,  it  will  be  seen  all 
the  materials  necessary  for  the  preparation  of  sulphuric  acid,  on  a 
small  scale,  were  present  in  the  tube.  It  was  noticed  that  during  the 
contraction,  which  extended  over  more  than  an  hour  in  the  last  case, 
there  was  evidently  some  substance  produced  which  was  deposited  on 
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the  sides  of  the  tube,  and  also,  after  the  analysis,  it  was  found  that 
the  eadiometer  tube,  when  washed  out  with  water,  had  a  very  de- 
cidedly acid  reaction.  The  possible  explanation,  therefore,  which  is 
suggested  is  that  a  slow  formation  of  sulphuiic  acid  was  going  on  in 
the  tube ;  and  this  would  also  account  for  the  very  acid  reaction  pos- 
sessed by  the  washings  from  the  eudiometer  tube.  In  the  second  and 
third  experiments,  it  will  also  have  been  noticed  that  a  white  deposit 
occurred  in  the  tube  ;  this  was  quite  an  ordinary  occurrence  in  those 
experiments,  and,  so  far  as  could  be  judged,  the  only  possible  ex- 
planation of  the  deposit  is  that  this  consisted  of  a  small  amount  of 
some  such  compound  as  the  so-called  lead-chamber  crystals,  which,  in 
the  comparative  absence  of  moisture,  had  not  decomposed. 

A  series  of  experiments  was  made  to  see  if  there  was  any  definite 
relation  between  the  amount  of  contraction  and  certain  varying  con- 
ditions of  the  experiments,  and  the  only  general  but  rather  rough 
result  which  could  be  obtained  was  that  the  amount  of  contraction 
became  greater  when  the  volume  of  oxygen  was  increased  within 
certain  limits,  and,  conversely,  the  volume  of  sulphur  dioxide,  which 
could  be  measured,  decreased.  This  is  shown  in  the  following  table, 
which  contains  several  other  analyses.  The  third  of  the  above  ex- 
periments gave  such  distinctly  anomalous  results,  that  it  and  some 
others  made  have  not  been  included  in  calculating  out  the  general 
results  given  on  p.  630.  In  the  table,  the  results  are  arranged  accord- 
ing to  the  increase  in  the  ratio  of  oxygen  to  the  combustible  gas. 

These  figures,  it  will  be  seen,  indicate  that  the  volume  of  carbon 
dioxide  obtained  by  the  combustion  of  carbon  bisulphide  in  oxygen  is, 
as  might  be  expected,  in  accordance,  practically,  with  theory  ;  but,  on 
the  other  hand,  the  contraction  on  explosion  is  always  much  greater 
than  it  should  be,  whilst  the  volume  of  sulphur  dioxide  is  correspond- 
ingly smaller.  The  figures  representing  the  excess  of  contraction  on 
explosion  and  the  sulphur  dioxide  are  naturally  not  strictly  comple- 
mentary, for  if  the  above  suggested  or  possible  explanation  of  the 
anomalous  results  be  accepted,  it  will  be  seen  in  the  formation  of 
sulphuric  acid,  in  addition  to  the  sulphur  dioxide,  the  volume  of 
oxygen  which  disappears  will  form  part  of  the  contraction;  the 
oxides  of  nitrogen  which  are  formed  may  act  also  on  the  mercury  in 
the  eudiometer.  In  the  second  case  of  the  possible  formation  of  the 
lead-chamber  crystals  (HSOi^NO),  a  similar  effect  will  be  obtained, 
for  the  contraction  in  this  case  should  much  more  than  exceed  the 
volume  of  sulphur  dioxide  which  condenses  from  the  additional  dis- 
appearance of  both  oxygen  and  the  oxide  of  nitrogen  and  the  vapour 
of  water,  whilst  if  both  sulphuric  acid  and  nitrosyl  sulphate  were 
formed  as  the  result  of  any  explosion,  the  actual  cause  of  the  whole 
contraction  may  be  expected  to  become  very  complicated.     In  view, 
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therefore,  of  these  complications,  it  was  not  thooght  necessary  to 
pnsh  the  experiments  anj  farther  than  has  heen  done. 

The  explanation  of  the  oxidation  ol  the  nitrogen  in  these  experi- 
ments, even  though  comparatiyely  low  tensions  were  employed  in  tho 
explosions,  is  probably  to  be  found  in^he  fact  that  carbon  bisulphide, 
in  its  combination  with  oxygen,  yields  such  a  large  amount  of  heat, 
and,  therefore,  produces  such  an  excessively  high  temperature. 
Cai*bon  bisulphide  is  well  known  to  be  an  endo thermic  compound,  or 
one  which  is  formed  from  its  elements  with  the  absorption  of  a  large 
amount  of  heat.  As  a  liquid,  when  fovmed  from  its  elements,  it 
absorbs,  according  to  Thomson,  no  less  than  19610  calories,  and, 
when  exploded  with  oxygen,  this  amount  of  heat,  in  addition  to  the 
heat  of  combination  of  both  carbon  and  sulphnr  with  oxygen,  will 
necessarily  be  liberated.  Hence  the  temperature  produced  in  these 
explosions  with  oxygen  wHl  be  exceedingly  high. 


XLI.^-il  Third  ITaphthaqui/none, 

By  Raphael.  Meldola,  F.B.S.,  and  Fbane  Hughes. 
Or  the  four  ni^hthaquinones  indicated  by  theory,  viz. : — 

O  0     0 


O 

n.  ni.  IV. 

only  the  first  and  second  are  at  present  known^.  these  being  the 
familiar  compounds  «-  and  y3-naphthaqi;iinone  respectively  (Groves, 
this  Journal,  1873,  209 ;  and  Stenhouse  and  Groves, .  ibid.,  1877,  ii, 
52).  In  1885,  Ekstrand.made  the  itiiportant  observation  .that  hetero- 
nucleal  di-derivatives  'of  naphthalene  of  the  form  a!^  ai  behaved  in 
the  same  manner  as  ortho-derivatives  (Ber.^  1885,  .2881),.  a  discovery 
which  was  confirmed  and  exteibded  by  Bamberger  and  Philip,  in  their 
interesting  researches  in  connection  with  the  constitution  of  acenaph- 
thene  and  pyrene  (Ber.,  1887,  237).  This  observation  rendered 
possible  theoretically  the  existence  of  a  third  orfcho-  (peri-)  naphtha- 
quinone,  a  compound  which  has  not  hitherto  been  prepared.  By  the 
action  of  nitric  acid  (sp.  gr.  I'l)  on  acenaphthene,  Quincke  obtained 
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two  yeaPB  afi^o  a  nitro-naphtliaqTiiiioiie,  which  is  no  donbfc  the  nitro* 
derivative  of  the  periquinone  (Ber,,  ISSS,  1460). 

In  a  paper  recently  commani«ated  to  the  Society  (Trans.,  1890, 393), 
we  stated  that  by  the  action  of  fuming  nitric  acid  on  dibrom-a-naph- 
thol  we  obtained,  in  addition  to  the  monobramindone  described  in  oar 
paper, -a  small  quantity  ef  an  insoluble  bye-product,  which  was  sepa- 
rated daring  the  crystallisation  of  the  crude  indone  from  alcohol. 
This  compound  is  formed  only  in  very  small  quantity,  but  is  inva- 
riably present  in  the  crude  product.  We  have  in  the  course  of  our 
experiments  accumulated  just  enough  to  enable  us  to  oon6rm  the 
statement  that  this  insolable  reuidue  consists  of  the  missing  peri- (7-) 
naphthaquinone. 

The  insoluble  residue  obtained  in  the  manner  described  was  washed 
repeatedly  with  hot  alcohol  till  free  from  all  soluble  matter.  The 
product  was  then  drj«d,.and  two  specimens  prepared  for  Analysis,  one 
by  crystallisation  from  glacial  acetic  acid,  in  which  it  is  but  slightly 
soluble,  and  the  other  by  crystallisation  from  nitrobenssene,  in  which 
it  is  more  readily  soluble.  Both  specimens  were  finally  washed  with 
alcohol  and  dried : — 

I.  01294  gram  gave  0-3577  gram  CO,  and  00450  gram  H,0, 
II.  01468    „        ,„    0:407^      „ 

4  Calculated  for 
CioHfOs. 

C... 75-95 

H ^-79 

The  qufnone  forms  elender,  pale-yellow  needles,  remarkably  inso- 
lable in  most  solvents,  and  having  no  definite  melting  point.  Above 
220°,  it  blackens  and  decomposes.  The  compound  is  not  reduced  by 
standing  in  aqueous  sulphurous  acid.  Reduction  was  effected  by 
heating  the  substance  -with  glacial  acetic  acid  and  zinc-dust,  and 
filtering  the  solution  into  water.  The.qainone  dissolves  very  slowly  on 
prolonged  boiling  with  dilute  caustic  soda,  the  solution  being  reddish, 
and  Riving  a  yellowish,  flocculent  precipitate  onihe  addition  of  hydro- 
chloric acid.  On  adding  phenylhydrazine  to  the  solution  of  the 
quinone  in  glacial  acetic  acid,  a  red  colour,  is  at  once  developed,  and 
reddish  needles  with  ^  metallic  lustre  separate.  This  substance, 
which  is  probably  an  azo-^ompound,  .dissolves  in  aqueooB  alkalis  with 
a  reddish-brown  colour,  and  is  reprecipitated  by  acids. 

DihydroxynaphtJinlene, — The  product  of  reduction  of  tlie  quinone 
obtained  in  the  manner  described  separates  from  the  acetic  acid  solu- 
tion on  dilution  with  water,  in  the  form  of  minute,  whitish  needles, 
which  become  slate-coloured  by  oxidation  on  exposure  to  the  air.    A, 
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Bpecimen  prepared  for  analysis  by  being  ooUected,  .washed  with  water, 
and  dried,  gave  the  following  result : — 

0 1169  gram  ga^e  0-3194  gram  CO,  and 06484  gram  HaO. 

'  Calculated  for 

CioHf(OH)^  Found-. 

C:. 750  75-16 

H 50  4-64. 

This  dihydroxynaphthalene  is  distingnished  l^  the  following  pro- 
perties : — It  is  insoluble  in  Hot  water,  and  but  slightly  soluble  in  cold 
alcohol.  Its  solutions  become  violet  on  exposure  to  the  air.  A  piece 
of  white  filter-paper,  wetted  with  the  solution  and  exposed  to  the 
air  gradually  acquires  an  indigo-blue  colour.  The  substance  dissolves 
readily  in  cold  aqueous  caustic  soda,  or  in  dilute  ammonia,  the  solu- 
tion rapidly  becoming  reddish- violet  by  oxidation,  and  finally  acquiring 
an  indigo-blue  colour i.  A  solution  ofa  chromate  added  to^he  acetic 
acid  solution  of  the  substance  causes  a  violet  coloration^  which  soon 
disappears,  and. the  quinone  crystallises  out.  Nitric  acid  immediately 
reconverts  the  dihydroxy-derivative  into  the  qninone.  The  substance 
has  no  definite  melting  point,  but  it  blackens  and  shninks  about  205*". 
The  diacetyl -derivative  was  obtained  by  heating  the  substance  for  a 
few  minutes  with  acetic  anhydride  and  dry  sodium  acetate.  On  dilu- 
tion with  water,  the  substance,  separates  out  in  the  form. of  small, 
whitish,  flattened  needles  collected  into  stellate  bundles.  After 
crystallisation  from  glacial  acetic  acid,  the  meltings  point  was 
226—227*.  This  diacetyl-derivative  is  only  very  sparingly  soluble 
in  alcohol.     An  analysis  gave  the  result: — 

014:34  gram  gave  0*3626  gram  GO,  and  00620  gram  H,0. 

Calculated  for 

Ci«H«(0-CAO)s.  Found. 

C 68  85  68-95 

H 4-92  4-80 

The  constitution  of  the  dihydroxynaphthalene  was  proved  by  its 
behaviour  on  oxidation  by  means  of  hot  alkaline  permanganate. 
After  removal  of  the  excess  of  permanganate  by  ferrous  sulphate  and 
filtration,  the  alkaline  solution  was  concentrated  to  a  small  bulk, 
acidified  by  dilute  sulphuric  acid,  and  extracted  with  ether.  After 
the  latter  solvent  had  evapoi-ated,  there  remained  a  small  quantity 
of  a  crystalline  residue,  only  just  sufficient  for  purification  and  the 
determination  of  a  melting  point.  After  being  twice  crystallised 
from  water,  the  melting  point  was  194 — 197°.  Phthalic  acid  melts 
at  184**.     Of  the  two  hydroxyphthalic  acids — 
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HO  /\  COOH 
CGOH 


the  first  melts  Tf hen  rapidly  heated  at  196 — 200*  (Jacobseo,  Ber , 
1883, 1965),  and  the  second  at  180—183^  (Graebe,  JBer.,  1885,  1130). 
Our  acid,  which  gave  the  fluorescein  reaction  with  resorcinol,  agrees 
therefore  most  closely  with  formula  No.  1.  This  leads  to  the  conclu- 
sion that  the  constitutions  of  the  dihjdroxjnaphthalene  and  the 
quinone  are : — 

HO  HO  0—0 


We  thus  have  in  this  con;ipountd  a  <  tjpe  of  -a  peroxide  quinone  as 
distinguished  from  a  diketone. 

We  are  at  present  unable  to  account  for  the  formation  of  the 
•  quinone  under  the  circumstances  described.  It  is  possible  that  during 
the  bromination  of  a-naphthol  a  small  trace  of  peri-monobrom-oe- 
naphthol  is  produced,  and  that  this,  by  the  action  of  fuming  nifric 
acid,  furnishes  the  quinone.  Experiments  to  test  this  suggestion,  as 
well  as  to  obtain  the  quinone  by  other  methods,  will  be  continued. 

Finsbury  Technical  CoUpge. 


XLII. — Dieihylphosphorau8  Acid. 

By  T,   E.  Thorpe,  F.B.S.,  and  Barker  North,   Associate  of  the 
Normal  School  of  Science,  South  Kensington. 

Ethtl  alcohol  and  phosphorous  oxide  react  upon  each  other  at  the 
ordinary  temperature  with  such  energy  ihat'liie  mixture  inflames, 
but  by  surrounding  the  vessel  containing  the  oxide  with  a  mixture  of 
ice  and  salt  and  allowing' the  alcohol  to  act  slowly,  drop  by  drop,  the 
phosphorous  oxide  gradually  dissolves,  and  a  clear  liquid  is  obtained. 
On  distillation,  the  greater  part  of  this  liquid  is  found  to  boil  con- 
stantly at  184 — 185**,  a  quantity  of  phosphorous  acid  remaining 
behind  in  the  distilling  flask.  Analysis  showed  that  the  distillate 
so  obtained  was  diethylphosphorous  acid. 
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I.  03256  g^ram,   after  treatment   with  nitric    acid   by  Carias's 
method,  gave  0*2575  gram  Mg^PiOT* 

II.  0-3841  gram  gave  0-3048  gram  Mg.PA. 

Phosphorus  found. 

f A V  Phosphorus  calculated 

I.  II.  for  P(OC,H4),OH. 

2210  22-20  22-47 

The  main  reaction  proceeds  in  accordance  with  the  eqnatioxi 

P4O,  +  8C2H.OH  =  4P(0C,H.),0H  +  2H,0. 

Diethylphosphorous    acid   is   a  colourless,    mobile,   slightly  acid 

liqnid,  possessing  a  peculiar,  penetrating,  alliaceous  odour.    Its  vapour 

is  poisonous,  and  even  small  quantities  produce  headache  and  nausea. 

In  an  atmosphere  of  carbon  dioxide,  it  boils  constantly  at  184 — 185". 

15*5** 
Its  relative  density  is  1*0749  at  — — -  .     It  is  readily  decomposed  by 

water  forming  alcohol  and  phosphoroas  acid : 

P(OCH6)aOH  +  2H,0  =  2aH»-0H  +  P(OH),. 

This  reaction  accounts  for  the  phosphorous  acid  which  is  always 
produced  in  the  preparation  of  the  substance. 

Bromine  acts  upon  diethylphosphorous  acid  with  great  violence. 
By  cautiously  adding  bromine,  drop  by  drop,  to  a  weighed  quantity 
of  the  well  cooled  liquid  until  it  remained  permanently  coloured,  it 
was  found  that  1  mol.  of  the  diethylphosphorous  acid  required 
exactly  1  mol.  of  bromine  to  complete  the  decomposition.  On  heat- 
ing the  liquid,  ethyl  bromide  boiling  at  38 — 40*  passed  over,  and  the 
residue  in  the  flask  proved  to  be  Tnetaphosphoric  acid,  the  silver  salt  of 
which  was  prepared  and  analysed. 

Bromine  acts  on  diethylphosphorous  acid,  therefore,  according  to 
the  equation 

P(0C,H5),0H  +  Br,  =  2CaH5Br  -h  HPO„ 

a  reaction  analogous  to  that  by  which  phosphorous  acid  itself  is  con- 
verted into  metaphosphoric  acid  by  the  action  of  bromine  : 

P(OH),  -h  Br,  =  2HBr  +  HPO3. 

All  the  ethylphosphorous  acids  indicated  by  theory  are  now  known. 
Monethyl phosphorous  acid,  P(OC,Hj)(OH),  was  first  obtained  by 
Wurtz.  The  triethyl  compound  was  first  prepared  by  Railton 
(Trans.,  7,  216).  The  chloride  of  diethylphosphorous  acid  was  ob- 
tained by  Wichelhaus  {Ann,  Suppl.y  6,  263)  by  the  action  of  1  mol. 
of  phosphorus  trichloride  upon  2  mols.  of  ethyl  alcohol :  2PCli  -h 
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2C%HftOH  =  P(0C,H5)aCl  +  2HC1,  and  salts  corresponding  to  the 
acid  were  prepared  by  Bailton  and  Wnrtz.  Certain  of  these  com- 
pounds, together  with  other  alkjl-derivatives  of  phosphorous  acid, 
have  recently  been  examined  by  Jaehne  (Annaleny  256,  269). 


XLIII. — The  Belative  Antiseptic  Powers  of  Isomeric  Organic  Com- 
pounds. 

By  Thos.  Carnelley,  D.Sc,  Aberdeen,  and  W.  Frew,  F.C.S.,  Dundee. 

With  the  object  of  determining  the  influence  of  atomic  arrangement 
on  the  antiseptic  properties  of  organic  compounds,  we  have  investi- 
gated the  relative  antiseptic  powers  of  a  number  of  isomeric  organic 
compounds,  more  particularly  of  di-derivatives  of  benzene. 

The  method  of  experiment  was  briefly  as  follows  : — 5  to  10  c.c.  of 
Koch's  sterilised  peptogelatin*  were  placed  in  a  small  glass  tumbler, 
about  2  inches  in  diameter  and  1^  inch  deep,  and  a  known  weight  of 
the  compound  under  investigation  added.  The  vessel  was  very 
gently  warmed  in  an  oven,  and  stirred  until  the  whole  of  the  com- 
pounds had  dissolved  in  the  jelly  ;t  it  was  then  covered  with  paper 
and  set  aside  until  the  jelly  had  completely  solidified.  After  having 
been  inoculated  by  exposure  in  a  dusty  room  for  15  minutes,  the 
cover  being  removed,  it  was  re-covered  and  placed  in  a  water-oven 
kept  at  a  constant  temperature  of  16  to  18^0.  (that  is,  several  degrees 
below  the  melting  point  of  'the  jelly),  for  six  days.  At  the  end  of 
this  time  it  was  taken  out,  and  the  surface  of  the  jelly  carefully 
examined  with  a  pocket  lens  to  see  whether  any  colonies  of  mici'O- 
organisms  had  formed.  If  no  colonies  appeared,  then  the  experiment 
was  repeated,  using  the  same  volume  of  jelly,  but  with  a  smaller 
quantity  of  the  compound  dissolved  in  it.  On  the  other  hand,  if 
colonies  appeared,  the  experiment  was  repeated  with  jelly  containing 
a  larger  quantity  of  the  substance.  This  was  continued  until  a  point 
was  reached  at  which  the  weight  of  dissolved  compound  was  just 
suflRcient  to  prevent  the  appearance  of  colonies  for  six  days  under  the 
above  conditions.  It  was  quite  easy  to  hit  the  point  so  that  a  milli- 
gram more  or  less  of  the  substance  was  sufficient  to  reverse  the 
result. 

*  Coiitaining  the  juice  of  I  lb.  of  lean  meat,  10  grami  of  peptone,  6  grami  of 
common  salt,  and  100  grams  of  French  leaf  gelatin  to  1  litre  of  water,  and,  after 
heating,  carefully  neutralised  with  sodium  carbonate,  and  filtered. 

t  Any  slight  infection  of  the  jelly  which  might  occur  at  this  stage  was  of  no  con- 
sequence in  view  of  the  subsequent  exposure  to  dusty  air. 
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In  the  case  of  some  of  tlie  componnds,  namely,  acids  and  phenols, 
the  calculated  quantity  of  sodium  carbonate  was  also  added  in  order 
to  convert  them  into  the  sodium  compounds,  and  thus  render  them 
more  easily  soluble  in  the  jelly.  The  results  given  in  the  following 
table  represent  the  weights  of  the  respective  compounds  per  litre  of 
jelly  required  to  prevent  the  appearance  of  colonies  of  micro-organisms 
for  six  days  at  16  to  18°. 


Sodium  hydroxybenzoBte8,C«H4(OH)COONa 

Sodium  phthalates,  CftH4(COOya), 

Nitrotoluenes,  C6H4((JHt)-N02 

Sodium  nitrobenzoates,  C,H4(NOj)-COONa  .. 
Sodium  dihydroxybensenes,  CeH4(0Na)s 

Amidotoluenes,  C,H4(CHs)NH, 

Nitntnilinee,  CeH:4(N0JNH, 

Nitrobenzaldehydes,  CeH4(N0,)C0H 

Sodium  nitrophenol,  CgH4(NOa)-ONa 

Potassium  nitrophenol,  CeH4(N0,)0E 


Grams  per  litre  of  jelly  required 

to  prevent  the  appearance  of 

colonies  of  micro-organiams  for 

6  days  at  16—18°. 


Ortho-.       Meta-, 


11-6 

632 

more  than 

220 

101-6 

less  than 

8-9 

more  than 

1*4 

0-80 
1-72 
0-90 


67-2 


12  1 
81 


0-84 
0-28 


Para-. 


than 


^162-1 

50-6 
22  0 

7-7  ' 
3-6 

1-4 

0-50 
0-24 
012 
0  12 


Grams  per  litre  of  jelly  required 

to  prevent  the  appearance  of  colonies 

of  micro-organisms  for  6  days 

at  16— 18^ 

r Sodium  a-naphthol,  G|oH;OH. ...       0  064 

I       „      /S-        „  , 0-230 

r  Succinic  acid,  C4He04 66  '0 

L  Methyl  oxalate,  0411,04 10'  4» 

r  Sodium  raesaconate,  C^^fi^ 190-01  did  not  prevent  the  appear- 

I        „      itaconate,  „        190*0/     anoe  of  micro-organisms. 

In  three  cases,  viz. :  sodium  para-hydroxybenzoate,  sodium  itaco- 
nate,  and  sodium  mesaconate,  the  quantity  of  substance  required  was 
so  great  as  to  prevent  the  jelly  from  solidifying,  and  yet  was  not 
sufficient  to  prevent  the  appearance  of  colonies.  We  have  frequently 
observed  in  these,  and  also  in  the  case  of  inorganic  salts,  that  when 

*  Methyl  oxalate  is  decomposed  by  water  into  methyl  alcohol  and  oxalic  acid, 
and  no  doubt  the  same  decomposition  would  occur  on  dissolving  in  the  jelly,  so 
that  this  number  will  really  refer  to  a  mixture  of  the  alcohol  with  the  acid. 
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a  substance  has  to  be  used  in  sucli  quantity  as  to  prevent  the  jelly 
from  setting,  that  substance  is  practically  non- antiseptic. 

In  most  cases  the  development  of  moulds  appeared  to  be  prevented 
more  easily  than  that  of  bacteria. 

In  the  experiments  with  terephthalio  acid,  a  pecnliar  odour  of  bitter 
almonds  was  noticed  whenever  colonies  formed  on  the  jelly.  The 
jelly  had  no  such  odour  before  the  colonies  appeared.  Abont 
20  grams  of  terephthalio  acid,  in  the  form  of  sodium  salt,  per  litre  of 
jelly  appeared  to  be  most  favourable  for  the  development  of  this  odour. 
Its  occarrence  would  seem  to  indicate  the  reduction  of  the  terephtha- 
lio acid  to  benzaldehyde.  Jelly  containing  resorcinol,  and  in  which 
colonies  had  developed,  gave  a  characteristic  yellow  fluorescence  when 
dissolved  in  hot  water,  an  effect  which  was  not  observed  unless  micro- 
organisms had  grown  on  the  jelly  containing  the  resorcinol. 

The  above  table,  so  far  as  it  goes,  would  seem  to  show  that,  as 
regards  di- derivatives  of  benzene: 

The  para-  (or  most  symmetrical  and,  as  a  rule,  the  least  easily 
fusible  and  least  soluble)  compounds  are  usually  more  powerfully 
cmtiseptic  than  the  corresponding  ortho-  and  meta^compounds. 

The  hydroxybenzoates  are,  however,  very  marked  exceptions  to 
this  rule.  Curiously  enough,  the  hydroxy  benzoic  acids  are  also  the 
most  marked  exceptions  to  the  rule  which  was  shown  by  Camelley 
and  Thompson  (Trans.,  1888, 63,  782),  to  be  of  almost  general  applica- 
tion, namely,  that  of  two  or  more  isomeric  compounds  the  most  easily 
fusible  is  also  the  most  easily  solublp ;  for  the  ortho-acid  (salicylic 
acid),  which  is  the  most  easily  fnsible,  is  the  least  soluble,  and  the 
para-acid,  which  is  the  least  fusible,  is  the  most  soluble. 

The  ortho-dihydroxybenzene  (pyrocatechol),  in  the  form  of  the 
sodium  compound,  is  also  a  possible  exception  to  the  above  rule  as 
regards  antiseptic  power. 

In  the  above  table,  the  di-derivatives  of  benzene  are  arranged  in  the 
order  of  the  antiseptic  power  of  the  para-componnds,  and  it  will  be 
seen  that  the  corresponding  meta-componnds  follow  the  same  order, 
whereas,  the  ortho-compounds  do  not,  or  only  to  some  extent.  On 
the  whole,  compounds  containing  the  COOH-group  have,  as  a  rule, 
a  comparatively  low  antiseptic  power.  On  the  other  hand,  phenols 
and  nitro-componnds  appear  to  have  a  relatively  high  antiseptic 
power,  so  that  in  the  above  derivatives  of  benzene  this  property 
culminates  in  para-nitrophenol.  The  naphthols,  and  especially 
a-naphthol,  are  also  very  powerful  antiseptics. 

it  must  be  understood  that  we  do  not  wish  to  imply  that  these 
relations  hold  beyond  the  compounds  we  have  investigated  or  the 
extent  indicated,  as  the  data  are  not  sufficient  to  show  whether  the 
relations  are   of  general   application   or  not.      They  are,  however, 
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entirely  in  accord  with  tbe  determinations  recently  made  by  Wolcott 
Gibbs  and  Hare  (Amer,  Ghem.  /.,  11,  435),  in  regard  to  the  action 
of  the  three  nitrophenoJs,  the  three  nitranilines,  the  three  amido- 
benzoic  acids,  and  the  three  nitrohensoic  acida,  wbea  injected  into 
the  veins  of  dogs. 

In  conclneion,  we  may  say  that  the  experimental  part  of  our  in- 
vestigation was  completed  two  years  ag^,  but  pressure  of  other  work 
prevented  its  publication  until  now. 


XLI7.— CONTRIBUTIONS  FROM  THE  CHEMICAL  LABORA- 
TORY OF  THE  UNIVERSITY  OP  EDINBURGH. 

No.  I.  OniTertiary  Butyl  Mercaptan. 

By  Leonard  Dobbin,  Ph.D. 

Thi  known  readiness  with  which  zinc  oxide  acts  on  tertiary  butyl 
iodide,  as  described  in  a  previous  paper  communicated  to  this  Society 
(Trans.,  1880,  239),  led  the  author,  when  in  search  of  a  method  for 
the  preparation  of  tertiary  butyl  sulphide,  to  try  the  action  of  zinc 
sulphide  on  the  same  iodide.  It  should  be  mentioned  that  the 
experience  with  zinc  oxide,  which  yielded  as  chief  products  zinc 
iodide,  water,-  and  triisobutylene,  did  not  seem  to  give  much  promise 
of  reaching  the  desired  result  with  the  sulphide.  On  heating  a 
mixture  of  ikie  substances,  however,  on  a  small  scale,  unmistakable 
evidence  of  the  formation  of  an  organic  sulphur  compound  was 
afforded  by  the  extremely  unpleasant  and  characteristic  odour  pro- 
duced. 

Various  experiments  were  then  made  on  a  larger  scale,  but  con- 
siderable difficulties  were  met  with  before  the  conditions  for  obtaining 
the  best  results  were  ascertained.  It  was  found,  for  instance,  that 
the  extent  to  which  the  iodide  underwent  decomposition  depended 
very  greatly  upon'^e  sample  of  zinc  sulphide  employed;  although 
the  different  experiments  were  made  under  conditions  which  were 
otherwise  similar.  With  one  commercial  sample,  the  removal  of 
iodine  from  the  iodide  became  complete  very  rapidly,  whilst  with 
others  it  was  found  impossible  to  accomplish  complete  decomposi- 
tion. 

The  first  method  employed  for  carrying  out  the  reaction  was  as 
follows : — 60    grams  of    tertiary    butyl    iodide    were    mixed    with 
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200  grams  of  nearly  anhydrous  alcohol ;  20  grains  of  (almost  white) 
commercial  zinc  sniphide  were  added,  and  after  standing  for  a  few 
hoars  in  the  cold,  the  mixture  was  heated  in  a  flask  with  a  reflux 
condenser  for  about  six  hours.  The  alcohol  was  then  distilled  off  aH 
completely  as  possible  by  means  of  a  water-bath,  and  the  distillate 
diluted  with  about  twice  its  own  volume  of  water.  A  small  portion 
separated  out  as  a  layer  on  the  top  of  the  aqueous  alcohol.  This  was 
separated,  dried  over  calcium  chloride,  and  fractionated.  It  began  to 
boil  at  about  65°,  and  the  boiling  point  gradually  rose  to  100**,  below 
which  temperature  more  than  half  distilled  over.  At  107**,  the  distil- 
lation practically  ceased^  and  almost  nothing  came  over  till  170**  was 
reached.  Then  between  180**  and  190**,  nearly  all  the  remainder  dis- 
tilled ;  at  about  190**,  decomposition,  with  darkening,  began. 

On  repeatedly  fractionating  the  fraction  boiling lat  the  lowest  tem- 
perature, a  large  proportion  of  it  was  found  i6  boil  between  66^  and 
70*^.  This  portion  was  quite  free  from  iodine,  and  was  sealed  up  for 
analysis.  Its  low  boiling  point  seemed  to  indicate  that  it  could  not 
\>e  tertiary  butyl  sniphide. 

The  normal  sulphide  boils  at  182^  (Grabowsky  and  Saytzeff, 
Annalen^  171,  254);  isobutyl  sulphide  boils  at  1705*'  (Beckmann, 
/.  pr,  Ghem.  [2],  17,  446)  ;  secondary  butyl  sulphide  boils  at  165° 
(Reymann,  Berichte,  7,  1288). 

Analyses  gave  numbers  which  correspond  with  the  composition  of 
tertiary  butyl  mercaptan : — 

I.  0-2262  gram  substance  gave  04406  gram  CO,  and  0*2187  gram 

H,0. 

II.  0-2306  gram  substance  gave  04481  gram  CO,  and  0-2215  gram 

H2O. 

Found. 

Calculated  for  / * ^ 

(CH5)0SH.  I.  II. 

C 53-33  53-11        52-99 

H IMl  10-74        10-67 

S   35-55  —  — 

In  several  subsequent  experiments,  made  in  exactly  the  same  way, 
with  other  commercial  samples  of  zinc  sulphide,  and  also  with  a  special 
laboratory  preparation,  the  product  was  not  in  any  case  obtained  free 
from  iodine. 

By  a  simplification  of  the  foregoing  method  complete  removal  of 
the  iodine  and  uniform  results  were  obtained. 

Preparation  of  Tertiary  Butyl  Mercaptan. 

The  zinc  sulphide  to  be  employed  was  precipitated  from  the 
aqueous  solution  of  zinc  sulphate  by  passing  in  sulphuretted  hydrogen, 
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anamonia  being  added  from  time  to  time  to  prevent  the  liqaid  from 
becoming  so  8fcit>nglj  acid  as  to  prevent  further  action  of  the  sni- 
phnretted  hydrogen.  -  Owing  to  the  great  diflScnlty  of  efficiently 
washing  the  bulky  precipitate  of  freshly-prepared  zinc  sulphide,  the 
precipitate  was  at  fii'st  only  partially  washed.  Then  it  was  dried  at 
the  ordinary  temperature  (whereby  its  bulk  became  very  greatly 
decreased),  finely  powdered,  thoroughly  washed  with  water  to  remove 
ammonium  sulphate,  and  again  dried  at  the  ordinary  temperature. 
20  grams  >of  this  zino  sulphide  were  heated  in  a  retort  on  a  water- 
bath  with  50  grams  ef  tertiary  bsutyl  iodide,  till  -(at  about  45°)  a 
manifest  action  set  in.  To  prevent  loss  of  the  very  volatile  product 
of  the  action,  the  retort  was  connected  with  a  (J -tube  placed  in  a 
freezing  mixture.  The  digestion  was  iifteirwards  carried  on  at  a 
gentle  heat  for  about  two  hours,  until  rapid  evolution  of  sulphuretted 
hydrogen  was  observed.  This  gas  was  not  given  off -at  the  beginning 
of  the  operation.  The  contents  of  the  retoirt  were  then  distilled  o€ 
as  completely  as  possible  from  a  water-bath.  The  distillate,  which 
was  collected  in  a  freezing  mixture,  was  dried  otver  calcium  chloride 
and  then  fractionated.  It  was  quite  free  from  iodine.  A  large  pro- 
portion of  it  was  found  ito  be  of  low  boiling  point,  and  a  large  fraction 
boiling  between  65**  and  67**  was  employed  for  analysis  : — 

0*1876  gram  substance  gave  0'3619  gram  COj  and  0'1861  gram 
HaO. 

These  numbers  correspond  to  52*55  per.  cent,  carbon,  and  11*01  per 
cent,  hydrogen,  whilst  tertiary  butyl  mercaptan  requires  53*33  per 
cent,  carbon,  and  11*11  per  cent,  hydrogen. 

This  product  was  believed  to  be  more  nearly  free  from  the  product 
of  high  boiling  point  than  that  first  analysed,  although  the  percentage 
of  carbon  found  was  somewhat  lower.  The  product  of  high  boiling 
point  is  much  richer  in  carbon  than  the  mercaptan,  so  that  the 
presence  of.  a  small  quantity  of  it  in  the  mercaptan  would  greatly 
raise  the  apparent  carbon  percentage  of  the  latter.  On  the  other 
hand,  the  extreme  volatility  of  the  mercaptan  gave  rise  to  slight  loss 
at  the  commencement  of  each  combustion,  a  fact  which  the  smell  of 
the  mercaptan  rendered  jii\questionable. 

^Properties  of  Tertiary  Butyl  Mercaptan. 

Tertiary  butyl  mercaptan,  obtained  as  described  above,  is  a  very 
volatile  liquid,  boiling  at  65 — 67**.  It  solidifies  to  a  white,  semi- 
translucent  mass  when  placed  in  a  freezing  mixture  of  snow  and  salt. 
It  possesses  an  overpowering  and  characteristic  disagreeable  odour, 
which,  however,  is  not  so  offensive  as  that  of  some  of  the  lower  homo- 
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logues.  It  forms  Toluminous,  white,  insolable  compounds  when  mixed 
with  aqueous  solntions  of  mercuric  chloride  and  of  silver  nitrate.  The 
compound  formed  with  the  latter  becomes  black  on  standing  for  some 
hours,  and  quicklj  on  boiling,  owing  to  the  formation  of  silver 
sulphide. 

The  fraction  of  high  boiling  point  (over  180°),  previously  mentioned, 
was  fractionated,  and  a  small  quantity  of  that  boiling  between  177^ 
and  185**  was  used  for  combustion.  Determinations  of  the  carbon 
and  hydrogen  were  made  in  order  to  find  out  the  nature  of  the  differ- 
ence between  the  products  of  low  and  of  high  boiling  points  respec- 
tively, but  the  quantity  available  was  too  small  to  investigate  the 
matter  fully. 

It  was  obvious  from  the  formation  of  the  mercaptan  that  some  of 
the  CiHo  groups  of  the  original  iodide  must  have  lost  hydrogen,  and 
this  fact,  viewed  in  connection  with^the  formation  of  tri-isobutylene, 
when  zinc  oxide  acts  on  tertiary  butyl  iodido  (Trans.,  1880,  241), 
rendered  it  highly  probable  that  pelymerio  isobutylene  derivatives 
might  be  formed  here  also.  The  evolution  of  sulphuretted  hydrogen 
could  also  only  occur  by  similar  loss  of  hydrogen  from  C^Hrgt'OupB. 
The  only  other  product  likely  to  be  formed  is  tertiary  butyl  salphide, 
the  boiling  point  of  which  would  probably  lie  not  much  below  160*". 
The  boiling  point  of  tri-isobutylene  is  177*6 — 178*5'*  (Lermontoff),  so 
that  a  separation  of  these  two  substances,  if  mixed,  would  be  extremely 
difficult  with  the  small  quantity  which  was  available.  The  figures 
obtained  on  combustion  gave  a  result  which  would  represent  a 
mixture  of  tertiary  bntyl  sulphide  and  tri-isobutylene : — 

0*182  gram  substance  ga?e  0*5227  gram  00a  and  0*2161  gram 
H,0. 


Oaleulikted  for. 

(:C,H,)J3.           O.H*i.' 

Found. 

c 

6575            85-71 

78-31 

H 

12-82            14-28 

1319 

This  part  of  the  subject  is  at  present  under  investigation. 

It  is  of  interest  in  connection  with  the  foregoing  and  with  the 
known  difference  of  behaviour  towards  reagents  of  the  isobutyl  and 
tertiary  butyl  iodides,  to  note  that  Qiabowsky  and  Saytzeff 
{Annalen,  171,  255),  prepared  isobutyl  sulphide  by  acting  on  iso- 
butyl  iodide  with  an  alcoholic  solution  of  potassium  sulphide ;  but  in 
trying  to  carry  out  an  analogous  reaction  with  the  tertiary  iodide, 
they  failed  to  obtain  anything  more  than  "  traces  of  a  liquid  possessing 
the  characteristic  garlic  odour,  whilst  the  greater  portion  of  the 
iodide  decomposed  into  hydriodic  acid  and  butylene."     In  view  of  the 
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fact  that  alcoholic  solution  of  potassitiin  sulphide  does  not  react  in 
the  nsnal  way  with  tho  tertiary  iodide,  Saytzeff  states  (ihid.,  171, 
268)  that  a  student  (Iranoff)  was  (in  1874)  about  to  try  the  action 
upon  the  latter  of  the  sulphides  of  other  metals,  in  imitation  of  But- 
lerow's  method  for  obtaining  tertiary  butyl  cyanide,  but  apparently 
no  results  of  any  such  experiments  have  been  published. 

Beckmann  (/.  pr.  Chem.y  [2],  17,  446)  mentions  that  by  distil- 
ling isobutyl  potassium  sulphate  with  aqueous  solution  of  potassium 
sulphide,  besides  isobutyl  sulphide  (B.  P.  170*6°),  he  obtained  another 
sulphur  compound  boiling  at  88**,  the  nature  of  which  he  did  not 
then  know.  The  substance  was  most  likely  isobutyl  mercaptan, 
which  had  been  previously  described  by  Humann  {Annalen,  95,  266) 
as  a  liquid  boiling  at  SS*'. 


XLV.— CONTRIBUTIONS  PROM  THE  CHEMICAL  LABORA- 
TORY OF  THE  UNIVERSITY  OF  EDINBURGH. 

No.  II.  On  Desylacetophenone. 
By  Alex.  Smith,  B.Sc,  PhD. 

In  the  course  of  some  experiments  designed  to  see  whether  the  benzoin 
reaction  was  also  applicable  to  a  mixture  of  benzaldehyde  with  a 
ketone,  an  experiment  with  acetophenone  gave  a  new  substance  of 
high  melting  point.  Benzaldehyde,  in  presence  of  potassium 
cyanide,  seemed  to  have  no  action  on  benzophenone,  whilst  with 
acetophenone  an  action  indeed  took  place,  but  in  an  entirely  un- 
expected direction.  A  substance  having  the  formula  C29H2202  was 
formed,  probably  according  to  the  following  equation : — 

3C,H5-COH  +  CHjCO-CbHb  =  C»HaO,  +  2H20. 

As  under  the  circumstances  of  the  reaction  it  was  certain  that  a 
large  part  of  the  benzaldehyde  must  have  been  converted  into 
benzoin  before  it  had  time  to  act,  a  trial  was  next  made  whether 
dilute  potassium  cyanide  would  not  bring  about  condensation 
between  molecular  quantities  of  acetophenone  and  benzoin  alone.  It 
was  found  to  do  so  very  easily,  desylacetopkenone  being  formed  with 
elimination  of  1  mol.  of  water : — 

C,H5-CO-CH<2^*  +  CHs-C0-C.H5  = 


C.H..0O.CH<gg!cO^0.H.  +  H^O. 
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Desjlacetophenone  is  the  satarated  derivative  corresponding  to 
the  anh jdroacetophenonebenzil  of  Japp  and  Miller  (Trans.,  1885, 34) . 
In  common  with  all  1  :  4-diketone8,  it  is  easily  transformed  into  the 
corresponding  fnrfarane,  pyrroline,  and  thiophen  derivatives.  The»e 
substances,  together  with  its  behavioar  towards  hjdroxylamine  and 
phenylhydrazine,  which  conclusively  prove  its  constitution  to  be  that 
given,  are  described  below. 

In  the  application  of  this  reaction  to  a  mixture  of  benzoin  and 
acetone,  no  desylacetone  could  be  discovered,  if,  indeed,  any  is 
formed.  The  only  substance  obtained  was  one  corresponding  to  the 
above-mentioned  high- melting  product  from  aoetophenone.  The 
equation  is  exactly  similar — 

SCeHa-COH  -h  CHa-CO-CHs  =  CjAHaoO,  +  2H,0. 

I  hope  shortly  to  be  able  to  describe  the  properties  of  these  com- 
pounds, the  investigation  of  which  is  almost  completed,  and  postpone 
therefore  all  details  as  to  their  preparation  till  then. 

Desylacetaphenonef  CssHisOs. 

Desylacetophenone  is  prepared  by  boiling  18  grams  of  aoetophenone 
and  31  grams  of  benzoin  with  4  grams  of  potassium  cyanide  in  a 
mixture  of  75  grams  of  water  and  75  grams  of  alcohol,  using  a  reflux 
condenser.  If  the  benzoin  does  not  completely  dissolve  at  first,  a 
little  more  alcohol  must  be  added.  If  these  proportions  are  departed 
from,  or  larger  quantities  used  at  one  time,  the  yield  may  be  seriously 
affected.  When  other  conditions  were  tried,  a  curious  amorphous 
substance  was  sometimes  produced  which  could  only  be  induced  to 
crystallise  by  shaking  its  saturated  solutions.  It  was  found  to  be  a 
mixture  of  desylacetophenone  with  benzoin ;  these  could  not  be 
separated  by  any  number  of  recrystallisations  from  alcohol  or  acetic 
acid.  Separation  could  only  be  effected  by  boiling  with  very  large 
quantities  of  water,  in  which  benzoin  is  very  slightly  soluble,  whilst 
desylacetophenone  is  insoluble.  After  half  an  hour,  the  desylaceto- 
phenone begins  to  separate  out  as  an  oil.  After  an  hour  and  a 
quarter,  the  boiling  is  interrupted,  the  oil  allowed  to  settle,  and  the 
liquid  poured  off.  The  oil  soon  solidifies  to  a  mass  of  crystals,  which, 
after  standing  some  hours,  is  spread  on  porous  plates  to  free  it  from 
any  oil  still  mixed  with  the  crystals.  It  is  then  boiled  with  alcohol, 
and  filtered  from  a  quantity  of  the  substance  C»HaOs,  which  is 
formed  at  the  same  time  according  to  the  equation  first  given.  On 
cooling,  the  alcoholic  solution  deposits  yellowish,  monoclinic  crystals 
of  desylacetophenone.  A  further  portion  separates  from  the  mother 
liquor  on  standing,  and  is  treated  in  the  same  way.     The  yield  is 


Digitized  by  VjOOQIC 


SMITH  ON  DESYLAOETOPHENONE.  645 

about  18  grains.     On  recrysiallisation  from  alcohol  and  acetio  aoid, 
it  becomes  coloarless,  and  melts  at  126^. 
Analysis : — 

02155  gram  substance  gave  0*6653  gram  CO2  and  01141  gram 
H,0. 

Calculated  for 
Found.  CnH,40,. 

C    8419  8407 

H 588  573 

It  is  freely  soluble  in  boiling  alcohol  and  acetio  acid,  but  much  less 
so  in  the  cold,  and  is  also  soluble  in  ether,  chloroform,  and  benzene. 
It  is  not  affected  by  boiling  with  alkalis,  dilate  acids,  or  even  by 
strong  hydrochloric  acid.  Acetic  anhydride  has  no  action  on  it,  and 
it  does  not  take  up  bromine  in  chloroform  solution.  As  a  1  :  4-dike- 
tone^  it  is  easily  transformable  into  triphenylf urf urane. 

Tryphenylfurfwraney  CeHft-C     C'C«H*. 

0 

As  strong  hydrochloric  acid  did  not  effect  this  transformation, 
the  desylacetophenone  was  dissolved  in  concentrated  cold  sulphuric 
acid,  allowed  to  remain  for  two  hours,  and  the  whole  then  poured 
into  water.  A  viscid  mass  separated ;  when  the  water  had  become 
clear,  it  was  poured  off,  and  the  amorphous  deposit  was  dissolved  in 
boiling  alcohol.  On  cooling,  the  alcoholic  solution  gave  beautiful 
needles  of  triphenylfurfurane  melting  at  92°.  The  yield  is  good. 
The  substance  is  identical  with  that  obtained  by  Japp  and  Burton 
(Trans.,  1887,  430)  by  boiling  anhydroacetophenonebenzil  with 
hydriodic  acid,  and  subsequently  found  by  Japp  and  Klingemann 
(Berichte,  21, 2933)  to  be  triphenylfurfurane. 

TriphenylpyrroUne,  \^/ 

NH 

Desylacetophenone  is  sealed  up,  with  excess  of  alcoholic  ammonia, 
in  a  tube  and  heated  for  4 — 5  hours  at  150".  The  warm  alcoholic 
solution,  diluted  with  a  little  water,  on  cooling  deposits  triphenyl- 
pyrroline  in  tufts  of  slender,  white  needles.  After  recrystallisation  in 
the  same  manner,  it  is  pure,  and  melts  at  140 — 141^.  It  gives  the 
pyrroline  reaction. 

VOL.  LVII.  2  X 
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AnaJyBiB : — 

0'264i5  gram  substance  gave  0*8695  gram CO2  and 01441  grim  HaO. 
0-3340  „  „       13-2  CO.  nitrogen  at  lb'*  and  715  m  u. 

bar.  =  15*37  milligrams  N. 

Calculated  for 
Found.  CaHi;N. 

C 89*65  89-49 

H 605  5*76 

N ,...,....       4-6  4-74 

It  is  very  soluble  in  alcohol,  ether,  light  petroleum,  and  acetic  acid. 
Tt  does  not  dissolve  in  alkalis  or  acids.  The  crystals  show  a  violet 
fluorescence,  like  some  anthracene  derivatives  ;  this  is  not  diminished 
by  repeated  recrystallisations  from  various  media,  and  cannot,  there- 
fore, be  due  to  an  impurity.  An  isomeride  of  this  substance  oa'-N- 
triphenylpyrroline  (m.  p.  228 — 229**)  was  made  by  Kapf  and  Paal 
{Berichtey  21,  3062)  by  the  distillation  of  the  corresponding  carb- 
oxylic  acid  over  lime.  They  found  along  with  it  a  smaller  quantity 
of  a  substance  having  the  same  composition  bnt  melting  at  140 — 142'", 
and  made  the  suggestion  that  this  might  possibly  be  an  isomeride 
formed  by  a  rearrangement  of  the  phenyl-groups  owing  to  the  distilla- 
tion over  lime.  This  supposition  is  evidently  correct,  for  the  substance 
is,  in  the  main,  identical  in  its  properties  (so  far  as  they  give  them) 
with  the  aa'-)3-triphenylpyrroline  described  here.  They  state  that 
the  crystals  were  *'  bluish  coloured,"  and  again  that  the  recrystallised 
substance,  as  analysed,  was  "  nearly  colourless."  As  a  matter  of  fact, 
the  above-mentioned  fluorescence  gives  the  substance  a  dirty-bluish 
tinge  when  seen  at  a  distance,  although  it  is  perfectly  pure.  The 
only  point  of  difPerence  is  that  their  pyrroline  derivative  is  said  to 
crystallise  from  acetic  acid  in  "  flat  needles  or  plates."  The  present 
one  crystallises  from  it  in  tufts  of  flne,  silky  needles. 

M^'N'Tetraphenylpyrroline^  \/ 

Three  grams  of  desyJacetophenone  and  1  gram  of  aniline  are  boiled 
in  glacial  acetic  acid  solution  for  three  to  four  hours,  when  the  solid 
mass  of  tetraphenylpyrroline,  which  has  separated  out,  is  freed  from 
the  mother  liquor  and  recrystallised  from  acetic  acid.  It  forms  white, 
silky  needles  melting  at  196—197** 
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.    Analysis: — 

0*4932  gram  substance  gave  16*5  o.c.  nitrogen  at  19*"  G.  and  758  mm. 
bar.  =  19-26  milligrams  N. 

Calculated  for 
Found.  C«H,iN. 

N 3-9  3-8 

It  is  very  slightly  soluble  in  cold,  moderately  soluble  in  hot  alcohol 
or  acetic  acid.  It  is  soluble  also  in  ether  and  benzene.  It  gives  the 
pyrroline  reaction. 

C.H5-C-CH 
Triphenylthiophen,  CsHb'C     C'CHj. 

Five  grams  of  de^lacetophenone  and  2  grams  of  phosphorous  pent^- 
sulphide  are  heated  in  a  test-tube  at  150°  till  the  reaction  seems  to  be 
completed.  This  occurs  after  a  few  minutes.  The  contents  of  the 
tube  are  then  boiled  up  with  alcohol  and  the  solution  filtered,  and 
allowed  to  cool,  when  it  deposits  plates  or  silky-white  needles  of 
triphenylthiophen.  These  are  recrystalb'sed  several  times  from 
alcohol  and  from  acetic  acid,  and,  when  pure,  melt  at  127''. 

In  sulphuric  acid  solution,  with  a  little  isatin,  it  gives,  after  stand* 
ing  some  time,  a  greenish-yellow  coloration.  Diphenylthiophen  gives 
a  green.  The  Laubenheimor  reaction  (with  phenanthraquinone) 
gives  also  a  greenish-yellow  coloration.  The  alteration  in  colour 
with  the  addition  of  phenyl-groups  is  interesting  in  this  case  also. 
Dimethylthiophen  gives  a  violet  colour,  diphenylthiophen  a  green, 
whilst  triphenylthiophen  is  seen  to  give  a  greenish -yellow. 

It  is  extremely  soluble  in  benzene,  soluble  in  hot  alcohol  and 
acetic  acid,  less  soluble  in  the  cold,  and  quite  insoluble  in  water.  It 
is  not  volatilised  in  a  current  of  steam. 

Action  of  Phenylhydrazine  on  Desylacetophenone. 

Under  ordinary  conditions,  phenylhydrazine  seems  to  have  no 
action  on  desylacetophenone.  On  being  mixed  with  phenylhydrazine 
in  alcoholic  solution  and  boiled,  or  even  heated  at  ISO"*  in  a  sealed 
tube,  the  original  substance  was  always  recovered  unchanged,  it  is 
only  in  glacial  acetic  acid  solution  that  any  action  takes  place. 

Tetraphenyldihydro-oiaziney  G28H2SN1. 

Ten  grams  each  of  desylacetophenone  and  phenylhydrazine  are 
dissolved  in  about  70  grams  of  glacial  acetic  acid,  and  the  whole 

2x2 
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wanned  slowly  by  a  very  small  flame.  The  flask  is  shaken  from  time 
to  time  till  everything  has  dissolved,  and  the  warming  is  continued 
till  a  separation  of  yellow  needles,  which  soon  begins,  seems  to  have 
reached  a  mazimnm.  It  is  now  allowed  to  cool,  when  an  almost 
qnantitative  yield  of  the  new  compound  is  obtained.  The  snbstance 
is  purified  by  recrystallisation  from  alcohol,  from  which  it  separates 
in  tufts  of  beautifnl,  yellow  needles  melting  at  149°.  When  impure, 
it  rapidly  becomes  brown  on  exposure  to  light.  Analysis  shows  that 
2  mois.  of  water  have  been  eliminated  in  the  reaction. 

C„HisO,  +  C.H5N,H,  =  CwHaN,  +  2H,0. 

0*2229  gram  substance  gave  07113  gram  GOt  and  01214  gram 

H,0. 
0*4576  gram  substance  gave  29  c.c.  nitrogen  at  14°  C.  and  751  mm. 
bar. 

Calculated  for 
Found.  G^HbNs. 

0 87*03  8704 

H 603  5-70 

N 7*4  7*25 

This  reaction  with  phenylhydrazine,  with  loss  of  2  mols.  H,0, 
seems  to  be  general  for  unsymmetrical  1  :  4-diketones.  Paal  finds, 
for  example  (Berichtej  17,  914),  that  acetophenoneacetone^ 

C,H5-C0-CH,-CH  -CO-CH,, 

yields  a  corresponding  compound,  to  which,  however,  he  gives  no 
name.  Symmetrical  ones,  on  the  other  hand,  such  as  acetonylaoe- 
tone,  CHs-CO-CHj-CHj-CO-CH,  (ibid.,  18,  60),  diphenacyl, 
CH.-CO-CHa-CHa-CO-CeH.  (ibid.,  21,  3056),  and  ethyl  diacetosnc- 
cinate  (iftii.,  17,  2061),  give  diphenylhydrazones.  In  the  case  of  the 
nnsymmetrical  compounds,  one  carbonyl-group  is  probably  more  easily 
attacked  than  the  other,  and  the  resulting  monophenylhydrazone 
seems  to  form  an  internal  anhydride  more  easily  than  a  diphenyl- 
hydrazone. 

Ethyl  diacetosuccinate  reacts,  indeed,  also  as  losing  2HaO  (Elnorr, 
Berichte,  18,  304),  and  Enorr  supposes  the  product  to  contain  a  ring 
composed  of  two  nitrogen-  and  four  carbon-atoms,  to  which  he  gives 
the  name  pyridcLzine.  In  a  later  paper,  however  {Annalen^  236, 295),  he 
recognises  this  compound  as  a  pyrroline-derivative,  and  ethyl  diaceto- 
succinate follows,  therefore,  strictly  the  above  rule  as  to  symmetry. 

Ach  {AnncUen,  263, 46)  revives  the  name  pyridazine  for  substances 
containing  such  a  ring,  and  following  this  nomenclature,  the  derivative 
from  desylacetophenone  should  be  called  tetraphenylpyridagine.  It 
seems  better,  however,  to  make  use  at  once  of  the  system  of  tnumiTig 
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'nitrogen  rings  proposed  by  Widman  (/.  pr,  Chem.y  38,  185),  as 
it  expresses  the  constitation  of  each  compound  very  simply, 
and  I  understand  is  to  be  nsed  in  fntore  editions  of  Beilstein's 
'*  B!andbnGh  der  organischen  CKemie.'*  A  ring  containing  four  carbon- 
atoms,  and  two  nitrogen-atoms  in  the  ortho-position,  "united  by 
nine  bonds,"  he  calls  an  oiazine-derivatiye.  The  present  substance  is  a 
derivative  of  dihydro-oiaEine,  but  whether  the  formula  I  or  11  re- 
presents its  constitution  cannot  in  the  meantime  be  decided.  No.  I 
(1,  3,  5,  6)  seems  the  more  probable. 

H     CeH, 
H,  H,  \/ 

0  0  C 

HC/\CH  0,H,.0(j^CO,H,  H0|/\,0.C^5 


HO 


(1,«,6,6)  (1,8,4,6) 

Dihjdro-oiazine.  Tetraphenyl  dihjdro-oiazine. 

Tetraphenyldihydro-oiazine  is  soluble  in  boiling,  but  only  slightly 
soluble  in  cold,  alcohol.  It  is  very  soluble  in  hot  glacial  acetic  acid ; 
it  is  also  soluble  in  ether  and  in  benzene.  It  is  not  affected  by 
hydrochloric  acid  or  alkalis,  even  when  heated.  The  crystals,  when 
pure,  do  not  decompose  till  heated  above  230"*. 


Action  of  JExces8  of  Phenylhydrassine  on  Tetraphenyldihyd/ro-oiazine, 

Tetraphenyldihydro-oiazine  is,  as  has  been  shown,  a  tolerably  stable 
substance.  The  decomposition,  therefore,  which  it  easily  undergoes 
in  presence  of  excess  of  phenylhydrazine  is  all  the  more  interesting. 
Tetraphenylpyrroline,  identical  with  that  described  above,  seems  to  be 
the  chief  product.  An  atom  of  nitrogen  is  eliminated,  and  the  excess 
of  phenylhydrazine  acts  as  an  oxidising  agent  to  the  extent  of 
removing  one  atom  of  hydrogen  (just  as  it  does  in  the  case  of  phenyl- 
methylpyrazolone,  Knorr,  Annalen^  288,  168)  from  the  remainder. 

2C«;HaNa  -h  CeH.N,H,  =  2C»H2iN'  +  N,  +  NHs  +  CeH5-NHa. 

0 
0,H,o/\c.O,H*  OA-O CH 

CA-O         ^  ^""'^^  OA-O        ^.OeH,. 
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If  equal  weights  of  desylacetopbenone  and  phenylhydrazine  be  dis- 
solved in  glacial  acetic  acid,  and  the  mixture,  instead  of  being  merely 
warmed,  as  in  making  the  oiazine-derivative,  be  boiled  for  two  hoars, 
then,  on  cooling,  nothing  crystallises  from  the  now  dark,  reddish- 
brown  liquid.  If  before  it  cools,  however,  a  little  water  be  added, 
then  it  deposits  tetraphenylpyrroline  in  an  amorphous  form.  The 
quantity  is  extremely  small,  and  as  a  large  amount  of  tarry  matt-er  is 
formed  at  the  same  time,  it  was  foimd  extremely  difficult  to  purify  it. 
After  several  recrystallisations  from  alcohol,  which,  as  it  is  somewhat 
soluble  in  cold  alcohol,  greatly  diminished  the  quantity  available  for 
examination,  it  was  still  not  perfectly  pure.  Its  melting  point  was 
192 — 194°,  but  not  sharp,  that  of  tetraphenylpyrroline  being 
196 — 197* ;  and  a  small  portion,  recrystallised  once  more  from  glacial 
acetic  acid,  melted  at  196**  sharply.  It  exactly  resembled  that  substance 
in  appearance,  and  g^ve  the  pyrroline  reaction.  The  analysis  of  the 
specimen  melting  between  192°  and  194**,  although  the  substance  was 
not  yet  quite  pure,  served  to  confirm  the  theory. 

I.  02358  gram  substance  gave  07766  gram  GOs  and  0*1240  gram 

H,0. 
II.  0*2444  gram  substance  gave  0*8047  gram  CO,  and  0*1308  gram 
H,0. 
III.  0*2911  gram  substance   gave  10  o.c.  nitrogen  at  18**  G.  and 
763  bar. 

Found. 


c... 

f. 
. . .     89-81 

II. 
89-80 

IIl\ 

Oalculated  for 
C„H„N. 

90-56 

H 

. .       6-84 

5-94 

— . 

6-66 

N 

•  •              ~^ 

— 

4-05 

S-8 

Action  of  Hydroxylamine  on  Desylacetophenone. 

As  is  frequently  the  case  with  1  :  4-  diketones  (see  Y.  Meyer, 
Beriehtej  21, 1361),  the  action  of  hydroxylamine  is  not  so  simple  as  with 
ordinary  ketones.  Desylacetopbenone  seems  to  yield  three  different 
products  melting  respectively  at  151*^,  189^,  and  215°.  Of  these,  only 
the  first  and  last,  the  mono-  and  di-hydroximes,  could  be  prepared  in 
sufficient  quantities,  and  pure  enough  for  examination. 

The  Monhydroxime,  GnHnOa^ OH. 

One  mol.  of  desylacetopbenone,  3  mols.  of  hydroxylamine  hydro- 
chlorate,  and  3  mols.  of  sodium  hydrate  or  acetate  are  mixed  with 
glacial  acetic  acid,  the  last  two  having  been  previously  dissolved  in  a 
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little  water.  The  mixture,  after  being  warmed  geotlj  on  the  water- 
bath  till  the  whole  has  dissolved,  soon  begins  to  deposit  sodinm  chloride, 
and  in  a  few  minntes  some  of  the  hydrozime  also  separates  in  larger 
crystals.  The  warming  is  now  stopped,  and  the  contents  of  the  flask 
are  decanted  from  the  sodinm  chloride  and  allowed  to  cool,  when  a 
large  quantity  of  the  monhydrozime  crystallises  ont.  When  recrys- 
tallised  by  dissolving  in  warm  glacial  acetic  acid,  and  adding  a  little 
water,  it  melts  at  151^.  As  is  shown  by  the  analysis,  it  appears  to 
contain  a  small  proportion  of  the  dihydroxime,  &om  which  it  conld 
not  be  freed  by  recrystallisation.  The  only  other  possible  assumption, 
that  it  is  an  internal  anhydride,  formed  by  the  loss  of  an  extra  mole- 
cule of  water,  would  also  account  for  the  excess  of  nitrogen,  but  this 
would  demand,  on  the  other  hand,  a  higher  percentage  of  carbon, 
whereas  that  found  is  smaller. 
Analysis : — 

I.  0*2374  gram  substance  gave  0*6943  gram  CO,  and  0*1261  gram 

H,0. 
II.  0*4665  gram  substance  gave  19  c.c.  nitrogen  at  17°  and  758*5 
mm.  bar. 

Oaloolated. 

Found.  f * ^ 

/ * ^  Monoxime,     do.  —  HjO, 

I.  II.  CnHwOjN.     CnH,70N. 

C 79*76         —  80-24  8488 

H   5*90  —  5-77  5*46 

N —  4*79  4*25  4-5 

It  is  soluble  in  ether  and  alcohol,  very  soluble  in  hot  glacial  acetic 
acid,  insoluble  in  boiling  water,  and  insoluble  also  in  alkalis. 

TJie  Dihydrosimey  C,aH,e(NOH),. 

One  mol.  desylacetophenone  is  dissolved  in  alcohol,  and  2^  mols.  of 
hydroxylamine  hydrochloride  and  6  mols.  of  sodium  hydrate,  each 
dissolved  in  a  little  water,  are  added,  and  the  whole  boiled  for  four 
hours,  using  a  reflux  condenser.  The  alcohol  is  then  partly  distilled 
off,  and  the  mixture  poured  into  water.  A  copious,  curdy  precipitate, 
consisting  to  a  large  extent  of  the  monohydroxime  in  a  very  impure 
condition,  is  at  once  produced.  The  liquid  is  filtered,  and  the  filtrate 
acidified  with  hydrochloric  acid.  The  precipitate  which  now  appears 
is  chiefly  composed  of  the  dihydroxime.  It  is  collected  on  a  filter, 
washed  with  alcohol,  and  dried.  As  it  could  not  be  purified  by 
recrystallisation  in  the  ordinary  way,  it  was  dissolved  in  glacial  acetic 
acid,  and  a  little  water  and  alcohol  were  added  to  the  hot  solution.  A 
white  precipitate  of  irregularly  formed  crystals  gradually  separated. 
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It  melte  at  215°  ezactlj,  giving  off  bubbles  of  nitrogen.    It  is  inso- 
luble in  alkalis,  even  when  hot. 
Analysis : — 

0*1964  gram  substance  gave  138  c.c.  nitrogen  at  16^  C.  and  757  mm. 
bar. 

Calculated  for 
FomuL  Ca|HsoO,N^ 

N 8-3  81 

Further  applications  of  potassium  cyanide  under  conditions  similar 
to  the  above  are  at  present  being  investigated. 


XLVI. — Action  of  Ethyl  OxdlcLte  on  Camphor. 
By  J.  Bishop  Tingle,  Ph.D. 

It  has  been  shown  by  Glaisen  and  his  pupils  (Berichte^  20, 655,  2078, 
2188)  that  in  the  presence  of  sodium  ethylate  certain  acid  ethers  com- 
bine with  ketones  with  the  production  of  ethyl  salts  of  diketonic  acids, 
R*CO-CH,-C0-C0OC,H5,  According  to  Glaisen,  the  reaction  probably 
takes  place  in  two  stages.  An  ortho-compound  is  first  formed, 
thus  :-.R-CO-OaHa  +  CaHj-ONa  =  R-C(0Na)(0C,H5),.  This  then 
acts  upon  the  ketone,  alcohol  being  eliminated,  R*G(0Na)(0C«H5)t 
+  H,OH-CO-R  =  R-C(ONa):OH-CO-R  +  2C,H5-OH.  From  this,  on 
aoidifioation,  the  symmetrical  componnd  R*GO*CHa*GO-R  is  formed. 
This  reaction  has  been  proved  to  be  a  general  one  for  ketones  con* 
taining  the  groups  R-GO-GHj  or  R-GO-GH,R.  W.  Wislicenus  (-Aft- 
nalen^  246,  337,  339)  has  shown  that  the  same  applies  to  the  ethyl 
salts  of  the  fatty  acids.  Thns,  ethyl  oxalate  and  ethyl  butyrate 
readily  yield  ethyl  oxalobutyrate,  but  no  corresponding  compound 
with  ethjl  isobntyrate  has  been  obtained.  It  has  therefore  been  pro- 
posed to  apply  Glaisen's  reaction  to  ketones  of  unknown  oonstitu* 
tion  in  order  to  determine  whether  they  contain  a  GH^-  or  GHrgrroiip* 
Ordinary  camphor  must  be  regarded  as  a  ketone,  since  it  forms  a 
hydrozime  and  a  phenylhydrazone.  Its  constitution  is  usually  ex- 
pressed by  the  formula — 

CHCjH, 
HjO      CH, 
HC      CO 
C-CHa 
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This  wag  first  proposed  by  Kekul^  (Berichtey  6,  931),  who,  however, 
pointed  out  that  the  position  of  the  doable  bond  relative  to  the 
carbon}  1  oxygen  and  the  two  side  chains  was  not  oonclnsively  proved. 
By  the  action  of  ethyl  formate  npon  camphor  in  presence  of  me- 
tallic  sodiam.  Bishop  and  Glaisen  {Berichte^  22,  533)  obtained  a  com- 
pound of  the  composition  CuHisOs,  which  they  regarded  as  having  a 
constitution  expressed  by  one  or  other  of  the  following  f ormulsB : — 
CH-COH  C-COH 

With  the  hope  of  being  able  to  throw  some  light  upon  the  proper- 
ties of  camphor,  I  recently  undertook  the  study  of  its  action  upon 
ethyl  oxalate.  Being  compelled,  however  for  the  present,  to  suspend 
my  work  in  this  direction,  I  wish  to  place  on  record  the  results  of  my 
experiments  so  far,  reserving  a  fuller  investigation  for  a  later  period. 
I  have  already  shown  ("Inaug.  Diss.,"  Munich,  1889)  that  ethyl 
oxalate  combines  with  sodium  camphor  in  hot  toluene  solution,  the 
yield  of  double  ketone  being,  however,  very  small.  Much  better  re- 
sults have  been  obtained  by  the  use  of  sodium  wire  in  anhydrous 
ether.  Under  these  conditions  ethyl  oxalate  reacts  with  camphor 
according  to  the  following  equation : — 

CH^O-CO-COOCA  +  C8Hu<;  ^ 


CA<S 


o 

H-CO-OOOCH, 


+  CJEft-OH. 


Ethyl  camphor-oxalate  is  a  thick,  oily  liquid,  giving  an  intense 
dark-red  coloration  with  ferric  chloride.  On  distillation,  even  under 
reduced  pressure,  it  undergoes  decomposition,  so  that  no  constant 
boiling  point  can  be  observed.  The  yield  is  about  50  per  cent,  of 
the  ethyl  oxalate  employed,  but,  in  addition  to  this,  a  considerable 
quantity  of  camphor-oxalic  acid  may  be  obtained.  Methyl  oxalate 
gives  a  corresponding  compound ;  this,  like  the  ethyl  compound,  is  a 
thick,  viscid  liquid,  giving  a  ruby  colour  with  ferric  chloride  solution. 
The  sodium  salts  of  these  compounds  are  yellow  solids,  which  easily 
undergo  decomposition  in  the  air. 

CamfihoT'Oxalic  Acid. 

Is  obtained  by  treating  ethyl  camphor-oxalate  with  an  excess  of 
potassium  hydrate  solution  in  the  cold  for  two  to  three  days.  The 
solution  is  acidified  and  extracted  with  ether,  and,  on  evaporation  of 
the  ethereal  solution,  the  acid  crystallises  out  in  the  form  of  large, 
rhombic  plates.  The  compound  is  best  purified  by  recrystallisation 
from  light  petroleum ;  it  melts  at  88^,  is  sparingly  soluble  in  water  or 
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alcohol,  but  readily  dissolves   in  sodium   carbonate   solution,  from 
which  it  is  precipitated  unchanged  by  hydrochloric  acid.  The  analysis 

agrees  with  the  formula  CgHu^  i 

0*2944  gram   substance  gave  0'1918  gram  HsO  and  0*694  gram 
CO,. 

Calculated  for 
Found.  CuHie04. 

C   64-29  64-28 

H 7-24  7-14 

The  calciam,  barium,  and  zinc  salts  of  camphor-oxalic  acid  are  ob- 
tained as  amorphous  precipitates  on  adding  the  respective  chlorides  to 
a  neutral  solution  of  the  ammonium  salt.  The  zinc  salt  is  the  least 
soluble,  and  the  barium  salt  the  most  soluble,  in  water.  The  copper 
and  silver  salts  are  also  amorphous,  and  sparingly  soluble  in  water. 
The  colour  of  the  former  is  green,  that  of  the  latter  slightly  yellowish. 
The  silver  salt  rapidly  decomposes  on  exposure  to  air  and  light. 


Beduction  of  Oamphor-oxaUG  Acid, 

On  treating  camphor-oxalic  acid  with  excess  of  sodium  amalgam 
(3  per  cent,  of  sodium),  acidifying  the  solution,  extracting  it  with 
ether,  and  evaporating,  an  oily  residue  is  obtained.  This  is  purified 
by  dissolving  it  in  excess  of  warm  solution  of  barium  hydrate,  passing 
carbon  dioxide  until  no  further  precipitate  is  formed,  filtering  and 
acidifying  the  solution,  and  extracting  it  with  ether.  On  evaporation 
of  the  ether,  a  white,  amorphous  solid  remains,  which  melts  at 
75 — T&*^  is  very  soluble  in  benzene,  and  somewhat  greasy  to  the 
touch.     The  following  results  were  obtained  on  analysis : — 

0*2864  gram  substance  gave  0*7188  gram  CO,  and  0*2224  gram 
H,0. 


C  . 


Fonnd  p.  o. 
68-45 

Ckleulatedfor 
68-57 

8-63 

8-57 

From  its  properties  and  the  manner  in  which  it  is  obtained,  this 
compound  is  a  lactone ;  its  mode  of  formation  and  constitution  are 
shown  by  the  equation — 
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Monophenylhydrazone  Ethyl  Gamjphor -oxalate, 

A  slight  excess  of  phenjlhjdrazine  is  added  to  an  ethereal  sola- 
tion  of  ethyl  camphor-oxalate,  and  the  mixture  boiled  for  abont  three 
hours.  The  crystals  obtained  on  cooling  the  solution  are  washed  with 
ether  and  recrystallised  twice  from  toluene.  When  pure,  the  hydr- 
azone  consists  of  fine,  white,  needle-shaped  crystals  melting  at 
187 — 188®  with  evolution  of  gas.  The  compound  is  slightly  soluble 
in  alcohol  and  benzene,  and  insoluble  in  potassium  hydrate  solution ; 
it  gives  a  deep-blue  coloration  with  nitric  acid.     Analysis : — 

0-2069  gram  substance  gave  0*5286  gram  GO3  and  01443  gram 

H,0. 
0*2064  gram  substance  gave  15*575  c.c.  nitrogen  at  7*5*"  C.  and 

726  mm.  pressure. 


c 

Found. 
69-98 

Calculated  for 
7017 

H 

777 

7-60 

N 

8-61 

819 

Ethyl  Camphor-oxalate  and  Hydroxyloflmne. 

If  ethyl  camphor-oxalate  is  heated  on  the  water-bath  for  about  six 
hours  with  a  large  excess  of  hydroxylamine,  a  considerable  quantity 
of  a  white  substance  is  formed  which  crystallises  in  silky  needles 
melting  at  193^  with  decomposition.  The  compound  is  very  insoluble 
in  water,  but  soluble  in  benzene,  from  which  it  is  deposited  in  a  gela- 
tinous condition  on  cooling.  It  may  be  recrystallised  from  dilute 
alcohol.  In  spite  of  its  constant  melting  point,  the  substance  was 
probably  impure,  as  no  definite  results  were  obtained  on  analysis.  I 
propose  to  examine  this  compound  more  fully  at  a  later  period,  as 
well  as  the  derivatives  formed  by  the  action  of  ammonia. 

Ethyl  Camphor-oxalate  and  Aniline. 

Ethyl  camphor-oxalate  and  aniline  appear  to  react  in  the  cold^ 
though  only  to  a  slight  extent.  On  heating  to  165^  for  some  time, 
a  considerable  quantity  of  crystals  were  obtained  which,  after  purifi- 
cation, melted  at  241''.  This  compound  proved  to  be  oxanilide;  its 
formation  is  an  additional  support  to  the  formula  already  given  to 
ethyl  camphor-oxalate. 
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XLVII. — On  the  Molecular  Weights  of  MetaU  when  in,  Solution. 

By  0.  T.  Hetcogk,  M.A.,  and  F.  H.  Neyillb. 

Pabt  n. 

Section  0. — Thermometry. 

The  experiments  described  in  the  previous  paper,  this  vol.,  p.  393, 
were  all  made  with  meroarial  thermometers.  As  the  method  by  which 
the  fixed  points,  on  our  thermometers,  were  determined  to  a  great 
extent  eliminates  the  necessity  for  the  very  donbtfol  correction  of  the 
portion  of  column  immersed  and  nnimmersed,  we  think  it  may  be  of 
interest  to  chemists  generally.  The  mercury  thermometers  were 
made  for  us  by  Mr.  Hicks,  of  Hatton  Garden,  to  whom  we  are  much 
indebted  for  the  great  care  taken  in  their  manufacture.  These 
thermometers  were  15  in  number,  and  covered  a  range  from  0°  C. 
to  325''  C. ;  they  were  graduated  in  millimeters,  and  had'  an  expansion 
chamber  just  above  the  bulb,  and  a  safety  chamber  at  the  top  of  the 
stem.  Each  thermometer  covers  a  range  of  28^,  and  overlaps  the 
one  below  it  by  about  4°,  the  length  of  the  stem  being  about  2  feet. 
Each  millimeter  corresponded  to  about  0*05^,  and  as  the  readings 
were  always  taken  with  a  telescope  and  cross-wires,  a  fifth  of  this 
quantity,  or  0*01°,  could  be  read  with  considerable  ease  and  certainty. 
The  "zero"  of  each  thermometer  had  been  fixed  by  the  method 
patented  by  Mr.  Hicks,  of  heating  them  for  a  fortnight  in  boiling 
oil.  For  temperatures  below  250 '',  this  fixing  of  the  zero  is  nearly 
perfect.  Thus  thermometer  No.  10  (range  from  210 — 237*),  with 
which  most  of  the  experiments  described  in  this  paper  were  made, 
gave  the  following  values  for  the  freezing  point  of  tin : — 

August  8th,  1889 53895  mm. 

March  1st,  1890 5393*0    „ 

showing  a  total  rise  of  3*5  mm.  =  0*1 7^ 

Between  these  dates  the  thermometer  was  used  for  several  hundred 
experiments,  and  was  kept  nearly  daily  for  two  months  continuously 
plunged  in  molten  tin  for  seven  or  eight  hours,  a  treatment  which 
will  be  admitted  was  somewhat  severe.  It  is  worthy  of  note  that 
this  slight  rise  of  3*5  mm.  was  quite  gradual. 

The  calibration  of  the  thermometers  8,  9,  10  was  effected  by  the 
step-bjr-step  method,  and  curves  were  afterwards  plotted,  so  that  the 
temperatures  Centigrade  corresponding  to  the  millimeter  divisions 
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could  be  read  off  at  once.  Threads  of  mercury  of  suitable  length  for 
calibration  were  separated  by  the  method  recommended  in  the  Report 
of  the  British  Association  Committee  on  Thermometry  for  the 
Southampton  Meeting  in  1882.  This  method  consists  in  running 
mercury  from  the  bulb  into  the  stem,  and  then  heating  the  stem 
with  a  small  flame  about  the  size  of  a  hemp  seed ;  the  mercury  boiling 
at  this  point  separates  the  thread.  By  this  means,  threads  of 
almost  any  desired  length  can  be  easily  obtained,  although  at  first 
it  requires  a  certain  amount  of  courage  to  heat  the  fairly  thick  stem 
of  a  good  thermometer,  especially  where  the  lines  ara  engraved  upon 
it.     We  fortunately,  however,  met  with  no  accident  in  several  trials. 

The  fixed  points  on  the  thermometers  supplied  to  us  by 
Mr.  Hicks  were  determined  with  the  stem  completely  immersed, 
and  as  the  correction  for  the  immersed  and  unimmersed  portion  of 
the  column  is  by  all  admitted  to  be  subject  to  very  considerable 
errors,  it  became  necessary,  in  order  to  get  observations  which  should 
be  continuous  from  one  thermometer  to  another,  to  redetermine  the 
fixed  points  under  the  same  conditions  as  those  in  which  they  were 
to  be  used.  For  this  purpose,  we  used  a  platinum  thermometer,* 
which  was  a  much  modified  form  of  the  thermometer  used  by 
Callendar  (Phil.  Trans.^  1887)  in  his  comparison  of  the  air  and 
platinum  thermometers. 

Three  of  these  platinum  thermometers,  called  A,  B,  and  C,  were 
constructed  in  the  following  way : — A  piece  of  quill  tabiog,  about  a 
foot  in  length,  bad  a  slightly  larger  tube  welded  to  it ;  down  the 
axis  of  the  tube  passed  a  still  finer  tube,  in  which  were  several 
strands  of  stout  silver  wire,  whilst  in  tbe  annular  space  between  the 
two  tubes  more  strands  of  silver  were  passed;  these  silver  wires 
were  fastened  at  the  top  to  stout  binding  screws  insulated  on 
ebonite,  whilst  the  bottom  of  the  wires  were  soldered  to  the  two  ends 
of  a  thin  platinum  wire  2  or  3  feet  in  length.  This  platinum  wire 
was  covered  with  pieces  of  capillary  glass  tube,  each  about  an  inch 
long,  the  ends  of  the  glass  tubes  being  about  ^th  of  an  inch  apart 
from  each  other.  The  wire  was  then  folded  W-wise,  the  limbs  of 
the  W  being  insulated  from  each  other,  whilst  the  top  and  bottom 
of  the  arms  were  formed  by  the  uncovered  portions  of  the  wire. 

After  folding,  this  insulated  wire  was  tucked  into  the  larger 
glass  tube,  round  the  central  axial  tube,  forming  a  single  layer 
around  it.     The  larger  tube  was  then   sealed  off,  and  the  thermo- 

*  We  must  here  express  our  best  thanks  to  our  friend  Mr.  S.  H.  Chriffiths,.  of 
Sidney  College,  for  deyiaing  and  making  a  special  form  of  platinum  thermometer, 
and  for  determining  its  fixed  points.  The  confidence  we  feel  in  giring  actual  tem- 
peratures, instead  of  mere  difibrenoes,  is  entirely  owing  to  the  great  care  he  took  in 
the  determinations. 
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meter  was  complete.*  In  size  tbe  *^  bulb"  was  almost  exactly  the  same 
diameter  as  the  mercnr  j  thermometer  we  have  described,  and  of  abont 
the  same  length. 

The  resistances  were  determined  bj  means  of  a  large  box  specially 
ooBStriicted  by  Messrs.  Elliott,  the  reduction  valnes  for  each  coil  in 
the  box  having  been  determined  for  changes  in  temperature.  The 
temperature  of  the  coils  was  afterwards  kept  almost  stationary  at 
16"  by  means  of  a  copper  water-bath  holding  four  or  five  gallons, 
the  temperature  of  which  was  controlled  by  a  gas  regulator. 

The  galvanometer  had  a  resistance  of  about  8,000  ohms ;  hence  the 
thermoelectric  effects  were  rendered  unimportant. 

One  Leclanch6  cell  was  used  to  ftimish  the  current,  as  it  was  found 
that  with  two  or  three  cells  an  appreciable  increase  of  resistance 
could  be  observed  owing  to  the  heating  of  the  wire. 

Determination  of  Fixed  Points  on  the  Platinum  Thermometers. 

The  zero  point  was  determined  by  leaving  the  thermometers  in 
thoroughly  washed  ice,  using  the  precautions  mentioned  by  Guillanme 
('*  Trait6  pratique  de  la  thermom6trie  de  precision,'*  1889). 

The  boiling  point  of  water  was  determined  in  a  large  copper 
hypsometer  of  the  usual  form,  provided  with  a  manometer. 

The  remaining  boiling  points  were  all  determined  in  fractionating 
round-bottomed  glass  vessels  with  long  necks.  For  sulphur, 
aniline,  naphthalene,  and  mercury,  these  flasks  have  a  capacity  of 
nearly  2  litres ;  for  the  other  substances  rather  smaller  flasks  were 
used. 

The  bulb  of  the  thermometer  when  the  distillation  commenced  was 
always  somewhat  above  the  surface  of  the  liquid.  The  mouth  of  the 
flask  was  generally  closed  with  cotton  wool  or  asbestos  cloth. 

At  first  great  difficulty,  even  with  these  large  flasks,  was  expe- 
rienced from  superheating,  especially  in  the  case  of  the  monatomic 
mercury  vapour.  We  think  that  we  finally  overcame  this  difficulty 
by  setting  the  boiling  flask  on  a  plate  of  asbestos  card-board  about 
18  inches  square,  in  the  centre  of  which  a  circular  hole  was  cut  so 
that  the  flame  of  the  lamp  only  played  on  a  few  inches  of  the  bottom 
of  the  flask,  the  surface  of  the  liquid  being  always  well  above  the 
asbestos.  The  upper  part  of  the  flask  was  wrapped  in  asbestos  cloth. 
In  consequence  of  these  precautions,  the  temperature  was  proved  to 
be  independent  of  the  size  of  the  flame  used  for  heating. 

*  Since  these  thermometers  were  made,  Mr.  Griffiths  has  made  others  entiivlj 
with  platinum  wires,  to  avoid  thermoelectric  effects.  An  account  of  theee  new 
thermometers  was  read  before  the  Boyal  Sodetj  on  June  19th,  1890,  as  pari  of  • 
paper  on  the  determination  of  some  melting  pomts  by  E.  H.  Griffiths,  M.A. 
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The  substances  used  were  the  purest  that  could  be  obtained  from 
Messrs.  Hopkin  and  Williams,  and  Harringtons,  and  Kaulbaum. 

The  naphthalene,  aniline,  and  benzophenone  were  distilled  between 
20  and  30  times ;  not  only  were  the  final  boiling  points  the  same  as 
the  earlier  ones,  but  these  substances  were  individually  fractionated 
in  the  natural  course  of  each  experiment  without  producing  the 
slightest  change. 

We  were  not  able,  however,  to  attach  the  same  value  to  methyl 
salicylate  that  Professor  Bamsay  does,  as  it  generally  showed 
a  slight  rise  during  the  expenments,  probably  owing  to  saponification 
from  traces  of  water  vapour.  About  three-fourths  of  a  litre  of 
aniline,  liqaid  naphthalene,  and  sulphur  were  used  in  each  experi- 
ment, and  about  300  c.c.  of  redbtilled  mercury. 

The  quantities  of  benzophenone  and  methyl  salicylate  were 
smaller,  but  the  same  precautions  to  avoid  superheating  were  used. 

In  the  case  of  water,  mercury,  and  sulphur,  there  was  no  difficulty 
in  reducing  the  temperatures  of  the  boiling  point  to  the  standard 
pressure  of  760  by  the  aid  of  Begnault's  tables.  In  the  case  of 
naphthalene  and  benzophenone,  we  used  the  formulee  given  by 
Guillaume  (loc.  dt,  p.  272),  deduced  from  Craft's  values  (Bull.  Soc 
Ghim.,  1883,  39,  277). 

That  is,  for  naphthalene,    b.  p.  =  218-06  +  ^  ""  J^^ , 

„    benzophenone,  b.  p.  =  30608  +  — ^^—- —  . 

Crafts,  p.  231  of  the  Bull.  8oc.  Chim.y  points  out  that  the  advan- 
tages of  benzophenene  and  naphthalene  are  that  whilst  their  melting 
points  can  be  readily  deteiTnined,  impurities  affect  the  melting  point 
of  these  substances  much  more  than  the  boiling  point.  We  deter- 
mined the  melting  points  of  these  bodies  as  used  by  us  by  means  of 
a  thermometer  constructed  by  Greissler  and  graduated  in  fifths,  and 
found — 

M.  p.  benzophenone,  47*8— 47*9,  before  being  used. 

„  „  47*8,  after  all  the  determinations  had 

been  made. 
.    „     naphthalene     79*7,  before  being  used. 

„  „  79*6,  after  using. 

Crafts  gives  as  the  true  valnes  for  GioHs,  79*6^79*9° ;  and  for 
CsHs'COCeHs,  477 — 48° ;  hence  it  will  be  seen  that  oar  samples  were 
perfectly  pure. 

Having  determined  the  resistances  of  the  platinum  thermometers 
for  the  above  five  points,  a  curve  was  constructed  to  enable  us  to 
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determine  intermediate  temperatures.  We  followed  the  very  conve- 
nient plan  adopted  by  Callendar.     Tliis  consists  in  first  calculating 

the  quantity     -^ ^  x  100,  and  calling  this  the  Pt  temperature. 

In  this  formula  R^  =  observed  resistance  at  Centigrade  temperature  t^ 
Ro  d*nd  Bioo  being  resistance  in  ice  and  steam  respectively.  If  the 
I'esistance  change  of  a  wire  was  directly  proportional  to  the  change 
of  temperature,  this  formula  would  give  the  temperature  at  once. 

This  Callendar  calls  the  platinum  temperature,  which,  for  con- 
venience, may  be  called  Pt.  For  temperatures  above  100**,  Pt  was 
considerably  le^8  than  the  temperature  given  by  the  air  thermometer, 
as  the  following  table  will  show  for  the  thermometer  A : — 


Besis.  of 
coil  in 
ohms. 

Pttemp. 

Temp.  C.** 

Temp.  C.  — 
temp.  Pt, 
oaUedD. 

loe  

14-068 
18-601 
23-720 
27-389 
32-916 

0 
100 
312-88 
293  -81 
415-68 

0 

100 

218-06 

806-08 

448-88 

0 

Bteam 

0 

Naphthalene,  b.  p 

Benzophenone,  b.  p 

Sulplmr.  b.T>.  ••....■••«.« 

5-18 
12-27 
82*70 

Each  of  the  Pt  temperatures  in  the  above  table  is  the  mean  of  a 
great  number  of  concordant  experimente  taken  on  different  days. 

Then,  following  Callendar*s  method,  a  curve  was  plotted,  having 
Pt  for  abscissa  and  D  for  ordinate,  and  passing  through  the  five 
points  given  by  the  above  table.  The  scale  that  had  to  be  adopted 
to  read  to  y^^  C.  is  too  large  to  be  reproduced.  But  an  equation  of 
the  form  y  =  ax  +  hx^  +  ca^  -{•  dx^  was  assumed,  the  constants 
determined,  and  the  curve  used  to  determine  the  b.  p.  of  aniline, 
methyl  salicylate,  and  mercury,  and  the  results  were  found  to  be 
identical  with  those  given  by  the  chart. 

In  order  to  check  the  trustworthiness  of  these  thermometers,  we 
have  used  the  experiments  on  the  boiling  points  of  aniline,  methyl 
salicylate,  and  mercury.  Although  in  determinations  of  our  thermo- 
meters, the  platinum  thermometer  A  alone  was  used,  we  give  some 
results  of  boiling  points  with  B  and  C  as  determined  from  their 
curves,  and  include  in  the  same  table  the  standard  boiling  points. 
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Aniline. 

Methyl  saUcylate. 

Mercury. 

A. 

B. 

C. 

A. 

B. 

0. 

A. 

B. 

C. 

184*32 

184 '27 

184-29 

223  08 

228  12 

228  16 

857-61 

357-59 

367-65 

184-29 

228  12 

367  -62 

Aniline 183  7  Thorpe .• 

„     184*4  Ramsay. 

Methyl  talioylate 2229  Bamtay. 

Mercuiy 357*25  Begnault. 

„         358-2  Bamaay. 

It  will  be  seen  that  the  nnmbei-s  given  by  the  platinum  thermo- 
meter lie  in  each  case  between  the  values  given  by  the  above-named 
observers. 

We  felt  justified  from  this  in  concluding  that  the  platinum  thermo- 
meter A  could  be  used  with  confidence  for  determining  temperatures 
up  to  the  boiling  point  of  sulphur  with  a  probability  of  a  very  small 
error,  and  that  for  the  particular  purpose  which  we  needed,  that  is, 
that  of  determining  the  range  of  temperature  of  a  thermometer 
covenng  only  about  25",  the  error  would  be  exceedingly  small. 
In  other  words,  that  the  value  of  each  mm.  of  our  mercury  ther- 
mometer scales  would  be  satisfactorily  determined. 

Gomparieon  of  the  Mercury  with  the  PlatUvum  Thermometers. 

For  the  purpose  of  comparison,  the  mercury  thermometers  were 
placed  alongside  the  platinum  thermometer  and  immersed  to  the 
usual  depth  in  the  axis  of  one  of  the  iron  blocks  in  a  bath  of  melted 
metal  kept  stirred,  as  before  described  for  tin.  The  fixed  points 
were  thus  determined  under  exactly  the  working  conditions,  and  the 
error  on  account  of  the  unimmersed  part  of  the  mercury  was  practically 
eliminated,  except  for  the  slight  variations  of  temperature  of  the 
room.  In  thermometers  in  which  so  small  a  fraction  of  the  total 
weight  of  the  mercury  is  in  the  stem,  this  slight  change  of  tempe- 
rature may  be  neglected.  The  fixed  points  once  determined,  care  was 
taken  to  calibrate  the  thermometer  by  the  step-by- step  method,  and 
careful  charts  of  the  bores  were  made. 

In  spite  of  the  precautions,  we  think  now,  however,  that  greater 
accuracy  might  be  obtained  by  means  of  the  platinum  thermometers, 
although  we  believe  that  the  accuracy  of  our  results  is  sufficiently 
great  to  give  confidence  in  the  table  of  atomic  falls. 

*  There  is  some  doubt  as  to  the  conditions  under  which  this  point  was  deter- 
mined hy  Thorpe. 

VOL.  LVII.  2  T 

Digitized  by  VjOOQIC 


662 


XL VIII. — »p-Dtbenzoylcinn(Mnene  and  the  GonsHtution  of  ZinirCs 
Lepiden  and  its  BerwaMves. 

By  Francis  R.  Japp,  F.R.S.,  and  Felix  Klingema»n,  Ph.D. 

a^-Dibenzoylcinnamene  (anhjdracetopbenonebenzil)  was  obtained 
by  Japp  and  Miller  (Trans.,  1885,  35)  by  the  condensation  of  benzll 
"with  acetopbenone  nnder  the  influence  of  caastic  potash : — 

^•^'•9°  4.  CH-CO-CH  -  C.H..9:CH.C0-C.H. 

The  reactions  of  this  compound  with  hydriodic  acid,  with  hydro- 
chloric acid,  and  with  phenylhydrazine  have  been  partly  studied, 
without,  however,  any  conclusion  being  arrived  at  as  to  the  con- 
stitution of  the  compounds  formed  (Japp  and  Burton,  Trans.,  1887, 
430;  Japp  and  Huntly,  ibid.,  1888,  184). 

The  important  results  obtained  by  Faal  and  others  in  inyestigatin^ 
the  reactions  of  saturated  7-diketones  suggested  to  us  that  a  study  of 
an  unsaturated  7-diketone — to  which  class  dibenzoylcinnamene 
belongs — might  yield  results  of  interest,  and  we  were  the  more 
induced  to  attack  this  problem  by  the  fact  that,  by  a  slight  modifica- 
tion of  the  method  employed  by  Japp  and  Miller,  dibenzoylcinnamene 
can  be  readily  prepared  in  any  desired  quantity. 

Oui*  work  has  thrown  unexpected  light  on  the  constitution  of 
Ziniu's  lepiden  and  its  derivatives.  Ab  we  regard  this  as  its  most 
important  outcome,  we  shall  arrange  our  results  so  as  to  exhibit  their 
relation  to  those  obtained  by  Zinin.  Many  of  the  reactions  here 
described  were  suggested  by  the  analogy  of  Zinin's  work. 


Paet  I.    Theoretical. 

In  a  preliminary  note  (Ber,,  21,  2933),  we  pointed  out  that  the 
compounds  C2sHieO  and  C32Hi5G10,  obtained  by  the  action  of 
hydriodic  acid  and  hydrochloric  acid  on  a/S-dibenzoylcinnamene 
(Trans.,  1887,  430),  might  be  regarded  as  furfuran-derivatives — 
namely,  as  triphenylfur/uran  and  triphenylchlorofurfuran.  In  the 
formation  of  the  first  of  these,  the  final  result  of  the  reaction  is  the 
removal  of  an  atom  of  oxygen  from  dibenzoylcinnamene.  It  is 
probable,  however,  that  under  the  reducing  influence  of  the  hydriodic 
acid  a  saturated  7-diketone  is  first  formed,  which  then  changes  into 
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tbe  tautomeric  form,  and  finally  parts  witli  water,  as  in  the  well- 
known  reactions  described  by  Paal : — 

C.H5-C0  C0-C.H5  +  ^»  -  C.H5-C0     COCHi 

OH  OH  V" 

^phenylfurfuran. 

In  tbe  reaction  with  hydrochloric  acid  the  formation  of  an'  intei*- 
mediate  additive  compound  is  also  asstimed : — 


H— CHCl 
CO-CH. 


CeH5-C=CH  ^  CeH^CH-^ 

CH^-CO  CO-aHj  "^  C.H,-CO     ^ 

=  C.H.-C    C-CeH,  -  C.H..C    C-CH.  +  ^'^' 
OH  OH  Y 

Triphenylchlorofurfnran. 

The  chlorine-titom  in  this  compound  is  very  firmly  attached  ;  but 
by  heating  the  substance  in  alcoholic  solution  with  sodium  amalgam 
for  several  days,  we  succeeded  in  converting  it  into  the  foregoing 
triphenylfurfuran. 

By  the  action  of  sodium  and  boiling  amyl  alcohol  on  ttiphenyl- 
furfnran  an  oil  was  obtained,  which  was  probably  a  tetrahydro^ 
compound,  GuHmO.  The  analytical  figures  wonld,  however,  also 
agree  with  the  composition  of  a  hexahydro-cdmpound! 

The  compound  CitHijO,  obtained  by  Japp  and  Miller  by  the 
reduction  of  acetonephenanthraquinone  with  zinc-dust  and  acetic 
acid  (Trans.,  1885,  18),  may,  as  we  pointed  out,  be  regarded  as 
diplienylenemethylfurfuran.  Omitting  the  intermisdiate  stage,  which; 
as  in  the  foregoing  cases,  would  consist  in  the  formation  of  a 
saturated  7-diketone,  the  inaction  may  be  expressed  as  follows : — 

C.H..60       C0-CH.  +  ^'-6.H,.G    iJ.CH,  +  2^'°- 

0 

Piphenylenemetlijli^irfuran. 

The  foregoing  method  gives  a  very  poor  yield ;  but  we  find  that 
when  acetonephenanthraquinone  is  warmed  for  a  few  minutes  with 
fuming  hydriodic  acid,   it  is   converted  almost  quantitatively  into 

2  r  2 
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diphenylenemethylfurfuran.  The  better  yield  thus  obtained  enabled 
ns  to  purify  the  oompound  thoroughly,  and  the  melting  point  wan 
found  at  123 — 124"*,  instead  of  at  121°  as  given  bj  Japp  and 
Miller. 

C  H  'C — C'C  IB. 
An  attempt  to  prepare  dibenzoylstilbene,     xr*.  X^TArk  ri  tt  » ^^  order 

to  convert  it  bj  the  action  of  hydriodic  acid  into  tetraphenylfurfuran 
failed;  but  we  pointed  out  (Ber,,  21,  2934,  foot-note)  that  possibly 
Zinin's  lepiden,  CnHaoO,  melting  at  175°  {BeUstei'fCs  Handbuch,  2nd 
ed.,  3,  112)  was  the  desired  tetraphenylfurfuran.  In  making  this 
suggestion,  it  had  escaped  our  notice  that  a  similar  idea  had  been  put 
forward  by  Dom  as  early  as  1870  (Annalen,  153,  358).  Dom  calls 
lepiden  "  ozyphenyltetrol,"  and  ascribes  to  it  the  formula 

Y 

wh'ch  would  represent  it  as  a  tetraphenylfurfuran  with  tke  f nrfuran 
nucleus  proposed  by  H.^chifE  in  1877  (Ber.,  10,  1193). 

Magnanini  and  Angeli  (B^r.,  2S,  853)  have  since  found  that  Zinin's 
by dro-oxy lepiden  is  identical  with  Knoevagel's  bidesyl^ 


C.H5-X30     C0-C,H5 


(Ber.f  21,  1355)  ;  and  b^  the  dehydrating  action  of  hydrochloric  acid 
they  have  converted  bidesyl  into  tetraphenylfurfuran,  identical  with 
lepiden.  They  regard  ^inin^s  oxylepiden,  CmH^O,  (m.p.  220**),  as 
baving  the  formula  of  the  before-mentioned  dibenzoylstilbene,  which 
we  failed  in  preparing. 

Magnanini  and  Angeli's  view  would  make  oxylepiden  a  strict 
analogue  of  «)3-dibenxoylcinnamene :  oxylepiden  would  be  phenyldi- 
bonzoylcinnamene : — 

C.H5-CZICH  (iH5-C=(p-C.Hs 

CeHftAo  COCeH/  C.H5CO  CO-CeH, ' 

A^-Dibenxoyloinnamene.  Dibenzojlstilbene 

{Oxylepiden,  m.  p.  220"^. 

In  support  of  this  view^  we  find  that  there  is  an  almost  perfect 
parallelism  in  behavioar  between  dibenzoylcinnamene  and  oxylepiden. 
The  various  compounds  which  we  have  obtained  from  dibenzoyl- 
cinnamene Btaad  to  the  corresponding  compounds  of  the  lepiden 
series  in  the  relation  of  triphenyl-derivatives  to  tetraphenyl- 
derivativeSy  a  relation  which  is  exhibited|  in  the  first  place,  in  the 
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case  of  dibenzoylcinnamene  and  oxjlepiden  themselves.  It  iff 
necessaiy,  however,  to  point  out  tbeft,  of  the  three  "  oxylepidens  ** 
prepared  by  Zimti,  the  analogue  of  dibenzojlcinnamene  is  "  acicnlar 
oxjlepiden'*  (m.  p.  220°). 

By  heating  "acicnlar  oxylepiden"  with  hydriodic  acid,  Berlin 
(Annalen,  163, 131)  converted  it  into  lepiden  (tetraphenylfnrfuran). 
As  already  mentioned,  we  have  shown  that  dibenzoylcinnamene, 
when  subjected  to  the  same  treatment,  yields  triphenylfurf uran. 

Zinin  has  shown  (Beilstein's  Randhuchy  2nd  ed.,  3,  113)  that  by 
treatment  with  nitric  acid  lepiden  is  oxidised  to  "  acicnlar  oxy lepiden." 
We  find  that  by  the  same  treatment  triphenylfurfuran  yields 
a/3-dibenzoylcinnamene,  which  is,  however,  convarled  iiL  the  process 
into  its  mononitro-derivative. 

By  heating  "acicnlar  oxylepiden,"  Zinin  obtained,  two  isomeric 
" oxylepidens : "  as  chief  product  "tabular  oxylepiden"  (m.  p.  136**), 
and  in  small  quantity  "  octahedral  oxylepiden  "  (m.  p.  232°)  (BeiUtein's 
Handhuchy  loc.  cit).  In  like  manner,  hy  heating  dibenzoylcinnamene, 
we  have  succeeded  in  converting  it  into  two  isomerides :  a  compound 
formed  in  large  quantity,  melting  at  117 — 118-°,  oorresponding  with 
"  tabular  oxylepiden ; "  and  a  compound  formed  only  in  veiy  small 
qnantity,  melting  at  197 — 198°,  corresponding  with  "  octahedral 
oxylepiden."  We  regard  the  compoumd  melting  at  117 — 118*  a» 
triphenylcrotolactoney  and  "tabular  oxylepiden"  as  tetraphenylcroto- 
lactone : — 

(C.HO*C — CH  (C,H.),C— C-CeH. 

00   0-0,H,'  CO    C-CHs"^ 

Y  Y 

Triphenylcrotolactone  TetraphenylcTotolactone' 

(m.  pw  117—118°).  ("  tabalaar  oxykpicten  ")• 

By  oxidation  with  excess  of  chromic  anhydride,  tripftenylcroto- 
lactone  yields  benzophenone  and  benzoic  acid.  Zinin  does  not  appear 
to  have  oxidised  **  tabular  oxylepiden,**  but  he  obtained  benzophenone 
by  the  oxidation  of  the  so-called  isolepiden  (v.  infra)  which  is  formed 
from  •*  tabular  oxylepiden  "  by  distillation. 

Caustic  potash  in  alcoholic  solution  converts  triphenylcrotolactone 
into  a  salt  of  a-diphenyUp-henzoylpropionio  acid.  Zinin  has  shown 
that  "tabular  oxylepidene"  yields,  by  the  same  treatment, 
oxylepidenic  acid,  Cjs^aOs.  We  assign  to  these  acids  the  following 
formulflo : — 

(CA).C CH.  (C.H.).9 CH-C.H. 

COOH  CO-CJE*'  COOH  COC.H,* 

o-Diphenyl-jS-benzoy]  propionic  Oxylepidenic  acid, 

acid  (m.  p.  182— 183°). 
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Diphenjlbenzojlpropionic  acid  displays  the  behaviour  of  hevulic 
acid  and  other  7-ketonic  acids.  Thus,  when  heated  with  phenyl- 
hydrazine  at  150°,  it  reacts,  eliminating  two  mols.  of  water,  and 
yielding  the  compound  CnHnNjO  (m.  p.  186"),  which  would  corre- 
spond with  the  anhydride  of  phenylhydrazoneladyalic  acid.  E.  Fischer, 
however  (Amuden^  236,  148),  assigns  to  the  latter  compound  the 
formula— 


whereas  ^he  behaviour  of  the  compound  from  diphenylbenzoyl- 
propionic  acid  is  better  accounted  for  by  the  formula 

.(C.H5),C— CH 

00   C-CH*; 

N-NH-OA 

thus,  when  reduced  with  sodium  in  boiling  amyl-alcoholic  solution, 
it  eliminates  the  anilido-gronp,  yielding  S-diphenyl-b-phenylpt/rrho- 
Udone, 

CO   CH-CeH, 

(m.  f).:20l°),  the  constitution  of  which  will  be  proved  later  on  by 
its  preparation  by  a  different  method  (v.  infra). 

Racine  has  shown  (Anruden,  239,  86)  that  phthalaldehydio  acid, 
when  treated  with  phenylhydrazine,  parts  with  2  mols.  of  water, 
yielding  a  compound  CuHwNjO ;  but  when  this  compound  is  reduced 
(with  tin  and  hydrochloric  acid),  it  eliminates,  not  the  anilido-group, 
but  ammonia,  forming  phenylphthalimidine,  C14H11NO. 

It  is  evident,  therefore,  that  there  is  more  than  one  way  in  which 
acids  containing  a  carbonyl-group  in  the  7-po8ition  to  carboxyl  can 
react  with  1  mol.  of  phenylhydrazine  eliminating  2  mols.  of  water; 
.and  the  question  of  constitution  can  only  be  settled  by  the  study  of 
each  compound  separately.  It  is  to  be  noted,  however,  that  phthal- 
aldehydio acid  is  not  strictly  pomparable  with  diphenylbenioyl- 
propionic  acid,  as  it  cannot  form  a  hydroxylated  labile  modification, 
from  which  alone  a  phenylhydrazine-derivative  of  the  foregoing 
anilido-pyrrholone  constitution  could  be  derived.  Lasvulic  acid,  on 
the  other  hand,  is  in  this  respect  analogous  to  diphenylbenzoyl- 
propionic  ac{id ;  bat,  nevertheless,  Fischer's  formula  for  the  anhydride 
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of  phenjlhydrazonelievulic  acid  must  be  accepted,  as  it  is  indepen- 
dently confirmed  by  work  published  later  by  Ach  (Annalen,  263,  44). 

Diphenylbenzoylpropionic  acid  reacts  with  hydroxylamine  hydro- 
chloride  at  100"*,  eliminating  two  mols.  of  water,  and  yielding  a  com- 
pound  of  the  formula  CaHi7N02 — ^a  reaction  whieh  recalls  that  of 
benzallsBTalic  acid  with  hydroxylamine  dMuribed  by  H.  Erdmann 
(Annalen,  254,  184).  If,  on  the  otiber  band,  diphenylbenzoylpropionic 
acid  is.  heated  with  aa  exoem  of  hydroxylamine  hydrochloride  at  150"*, 
M  fgoooMi  of  deoxidation  accompanies  the  introduction  of  the 
hydroxylamine  residue,  and  a  compound  GnHnNO  is  formed,  isomeric 
with  3-dipheny]-5-phenylpyrrholone  (v.  infra).  The  constitution  of 
these  compounds  has  yet  to  be  ascertained. 

Sodium  amalgam  reduces  diphenylbenzoylpropionic  acid  to  a  salt 
of  triphenyU'^-hydroxybutyric  acid.  This  acid,  when  liberated  from 
its  salts,  speedily  parts  with  water,  yielding  triphenyUnUyrolaGtone 
(m.  p.  166^)  :— 

(C,H.),C CH,  ^  (aH,).C— CH, 

COOH   CH(0H)-C,H5  00    CH-0.H5 

O 

This  lactone  may  also  be  obtained  directly  from  triphenylcrotolactone 
by  boiling  it  with  hydriodic  acid. 

When  heated  aboTe  its  melting  point,  diphenylbenzoylpropionic 
acid  is  reconverted  with  loss  of  water  into  triphenylcrotolactone,  a 
process  which  corresponds  with  the  formation  of  the  anhydrides  of 
lasvulic  acid  described  by  Wolff  (Annaleny  229,  249).  Zinin  has 
shown  that  ozylepidenic  acid  can  be  reconyerted  by  the  dehydrating 
action  of  heat  into  ''tabular  oxylepiden." 

Zinin's  '*  octahedral  oxylepiden  '*  and  the  corresponding  compound 
melting  at  197 — 198^,  obtained  from  dibenzoylcinnamene,  are  difficult 
to  prepare  in  quantity.  The  latter  compound,  in  particular,  has  been 
only  yery  cursorily  examined.  We  incline  to  the  view  that  these 
compounds  are  stereometric  isomerides  of  '*  acicular  oxylepiden"  and 
a/3- dibenzoylcinnamene  respectively,  and  would  classify  them  as 
follows : — 

MaleoTd  form.  FumaroTd  form. 

Cja.-0-C0-C,H5  0,H»-(]-CO0.H, 

CHeC-CO-CHs'  CeH^-COO-OeH.        ' 

"  Adcnlar  oxylepiden "         "  Octahedral  oxylepiden" 
(m.  p.  mr)-  (m-  p-  232°). 

CJB[»-CCO-Cja,  C.H.-CCO'C.H, 

HCCO-CH,*  OA-COOH 

a/3-DibenzoTlcinnamene  Iflo-a/S-dibenzoylcinnamene 

(m.  p.  129°).  (m.  p.  197—198°). 
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Tbe  nialeoid  constitution  has  in  each  case  been  assigned  to  the 
Gompoand  which  has  the  lower  melting  point  and  the  greater 
solubility,  and  which  is  converted  by  protracted  heating  into  the 
isomeride  of  higher  melting  point  and  more  sparing  solubility. 

Zinin  also  converts  "  acicular  oxylepiden  **  into  "  octahedral 
ozylepiden"  by  heating  it  with  caustic  alkalis.  This  corresponds 
with  the  conversion  of  the  maleo'id  ooumarinic  acid  into  the  fnmaroid 
orthocoumaric  acid  by  the  some  treatment.  This  method  cannot  be 
employed  in  preparing  isodibensoylcinnamene,  as  dibenzoylcinnamene 
is  resinised  by  heating  with  alkalis ;  but  when  dibenzoylcinnamene  is 
heaied  with  some  of  the  primary  alkylamines,  a  portion  of  it  is 
converted  into  the  iso-compound,  the  greater  part,  however,  yielding 
nitrogenous  derivatives  (v,  infra).  This  conversion  takes  place  at  a 
much  lower  temperature  than  when  dibenzoylcinnamene  is  heated 
alone. 

Again,  it  is  characteristic  of  isomerism  of  the  maleic-fumaric 
type  that  both  modifications  yield  on  reduction  the  same  saturated 
compound.  Zinin  has  shown  that  both  '*  acicular  ozylepiden  ^  and 
**  octahedral  oxylepiden  '*  unite  with  nascent  hydrogen  to  form  the 

same  hydro-oxylepiden  (bidesyl),  />  g'.QH.cO-C  H  *  ^^^^  ^^  ^^ 
hydration  is  converted  into  tetraphenylfurfuran*  We  have  not  been 
able  to  obtain  isodibenzoylcinnamiene  in  sufficient  quantity  to  study 
its  behaviour  towards  reduoing^  agents — to  ascertain,  for  example, 
whether  on  boiling  with  hydriodie  Bcid  it  is  converted,  like  dibenzoyl- 
cinnamene, into  triphenylfurfuran.  The  foregoing  constitution  is 
therefore  assigned  to  it  solely  on  the  strength  of  its  analogy  in  mode 
of  formation  and  general  physical  properties  to  ''octahedral 
oxylepiden.'* 

By  distilling  *'  acicular  oxylepidene  **  (the  other  two  oxylepidena: 
yield  the  same  product),.  Zinin  obtained  from  it  a  compound  which  he 
called  isolepiden  (m.  p.  150*'),  assigning  to  it  the  formula  CyiHaoOy 
whilst  from  the  mother  Kquors  from  this  substance  he  obtained  by 
the  action  of  caustic  potash  an  acid  of  the  formula  GwHisOs,  to  whicb 
he  ^ave  the  name  igoxylepidenio  acid.  Following  this  analogy,  we 
distilled  dibenzoylcinnamene,  expecting  to  obtain  from  it  isomerides 
of  triphenylfurfuran  and  diphenylbenzoylpropionic  acid  respectively, 
but  found  that  dibenzoylcinnamene  was  converted,  with  evolution  of 
carbon  monoxide,  into  a  compound  of  the  formula  GmHisO  (m.  p. 
92— 93*)  :— 

CnK„0,  =  GnHi.0  -h  CO; 

whilst  by  the  action  of  potash  on  the  mother  liquors  from  this 
compound  only  ordinary  diphenylbenzoylpropionic  add  was  obtained. 
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As  these  results  were  in  contradiction  to  the  strict  analogy  else- 
where observable  in  the  two  sets  of  compounds,  w©  repeated  Zioin's 
experimoDt  on  the  distillation  of  ozjlepiden,  and  found  that  the 
so-called  isolepiden  is  formed,  not  by  a  process  of  deoxidation,  as 
represented  by  Zinin,  but  with  elimination  of  carbon  monoxide : — 

CaeSaoO,  =    CrzHwO   +    CO, 

So-called  isolepiden. 

and  is,  therefore,  not  an  isomeride  of  lepiden  at  all.  Tbe  formuleB  of 
the  various  hydro-*'  isolepidens  "  and  oxy-**  isolepidens  "  described  by 
Zinin  must  also,  therefore,  be  correspondingly  modified,  thus:  — 

Dibydro-"  isolepiden  '* CnH«0 

Tetrahydro-**  isolepiden  " CjiH^O 

Oxy-"  isolepiden  "  (3  isomerides) CavHaaOg. 

Prom  the  mother  liquors  from  the  compound  C27H20O,  we  obtained 
the  so-called  "  isoxylepideoie  acid,"  which  proved,  however,  to  be  not 
isomeric,  as  stated  by  Zinin,  but  identical  with  oxylepidenic  acid. 
The  "acicular  oxylepiden^  ia  converted,  during  the  heating,  into 
"  tabular  oxy  lepiden,"  the  greater  part  of  which  parts  with  carbon 
monoxide,  forming  "  isolepiden,'*  but  a  small  portion  distils  unchanged 
and  is  hydrolysed  in  tbe  subsequent  treatment  with  alkali,  yielding 
oxylepidenic  acid. 

The  analogy  between  a/S-dibenzoylcinnamene  and  *'  acicular  oxy- 
lepiden  "  is  therefore  preserved  also  in  this  case. 

The  remaining  reactions  of  dibenzojlctiinamene  described  in  this 
paper  have  not  been  studied  by  Zinin  in  the  lepiden-series. 

By  acting  on  dibenzoyloinnamene  with  ammonia,  we  obtained 
(Ber.^  21,  2936)  two  compounds  of  the  formula  CaaHnNO,  formed 
aceordiilg  to  the  equation : — 

CaiHieO,  -h  NHs  =  CaaHnNO  +  HaO. 

The  first  of  these,  melting  at  180^,  is  prepared  by  mixing  a  warm 
alcoholic  solution  of  dibenzoylcinnanMne  with  alcoholic  ammonia; 
the  second,  melting  at  221^,  is  formed  from  the  first  by  long  boiling 
of  its  solutions,  or  by  heating  it  alone  to  a  temperature  above  its 
melting  point. 

Priinary  aJkylamines  also  react  with  dibenzoyloinnamene  with 
elimination  of  water :  thus,  in  the  case  of  methylamine^ 

C,.Hx,Oa  -I-  CHyNH^r  =  CaaH,^CH,)NO  ; 

but  only  one  compound  is  formed  in  this  case,  although,  owing  to  the 
fact  that  these  alkylamioe-derivatives  exhibit  dimorphism,  we  were, 
At  first,  disposed  to  assame  the  existence  of  isomerides.    Thia  methyl- 
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amine-deriTatiyo,  whicli  melts  at  138**  or  143^,  according  to  tlie 
crystalline  form,  corresponds  with  tlie  ammonia-derivative  melting  at 
221^.  The  constitation  of  these  two  compounds,  as  we  shall  show 
presently,  may  be  represented  by  the  formnlaa 

(C^O^C— fjH  (CeHO^C— CH 

CO   C-CH,,  CO   CCA, 

\/  \/ 

NH  If-CH, 

Ammonia-deriTatiye  MetihTlBniiie-damalm 

(m.  p.  22r).  (m.  ps.  188^  and  148°). 

leaving  ont  of  consideration  the  possibility  that  the  ammonia- 
derivatiye  may  be  a  lactim,  instead  of,  as  here  represented,  a  lactam. 
We  have  been  unable  to  decide  this  latter  point,  as  an  attempt  to 
methylato  the  ammonia-derivative  gave  no  result. 

We  propose  to  adopt  for  these  compounds  a  nomenclature  based  on 
that  suggested  by  Tafel  (^Ber.,  22,  1861).  Tafel  calls  the  saturated 
ring 

3Hj — CHj 
30      Cfl, 

Yh 


g 


pyrrJuilidone,*    In  like  manner,  we  term  the  unsaturated  ring 

aCHa— CH4 
200      cIh6 

Yh 


pyrroholone — **  pyrrholone '*  being  equivalent  to  "  ketopyrrholine," 
using  "pyrrholine"  in  the  generally  accepted  sense  of  "dihydro- 
pyrrhole."t  ^be  position  of  the  substituting  groups  is  indicated, 
following  Tafel's  practice,  by  the  numerals  attached  to  the  foregoing 
formula,  beginning  with  the  imido-group,  and  counting  towards  the 
carbonyl-group.  Thus  the  ammonia-derivative  (m.  p.  221"*)  would 
be  S-diphenyUb'phenylpyrrholonSf  and  the  methylamine*derivative 
l-meihyl-S'dtphenyl'b'phenylpyrrholone. 

The  constitution  of  these  compounds  is  proved  by  the  fact  that 
they  can  be  obtained  by  the  action  of  ammonia  and  methylamine 
respectively  on  triphenylcrotolaotone.  Thus,  in  the  case  of  the 
ammonia  compound, 

*  Pyirholidone  itself  has  since  been  prepared  by  Gabriel  (Ber.,  88,  8888). 

t  In  this  paper  "pyrrhole  "  is  used  as  synonymous  with  **pynoline"  or  *'pyrroL" 
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(0A),9— JJH  .    „„  _  (CA),C— CH       +  HO 

CO   iJ-CH.   +  ^^'  -  60    (i-CH.  ' 

V  \/ 

0  NH 

With  methylamine,  the  reaction  takes  place  in  two  stages.  In  the 
first  of  these,  the  methylamide  of  diphenylbenzoylpropionic  acid  is 
formed : — 

(C.H.),C— CH        ^  ^„  ^„       (C^.),C- 


60   8.C.H.  -^  ^^*^^'  =  io-N H-CH.  6o.CJI.* 

Y 

which,  on  heating,  paaH»  with  water,  yielding  l-methyl-S-diphenyl- 
5-phenylp7rrholone : — 

(CeHO.C CH,  __  (CHOaC— CH 

CO-NH-CH,  CO-CeHs  "  CO    C-CH,  "*"     * 

\/ 
N-CH, 

On  reduction  with  sodium  and  boiling  amyl  alcohol,  these 
pyrrholones  yield  the  oorreaxmnding  dihydro-oomponnds  or  pyrrhoU 
idones — deriyatiyes  of  tetrahydropyrrhole — 

(CJE5)»C— CH,  (C.H5),C — CH, 

CO   CH-C,H*'  CO   CH-CH.' 

NH  VcH, 

8-DipheDyl-6-phenyl-  l-Methyl-S-diphenyl-S-phenjl- 

pyirhohdone  (m.  p.  201°).  pynrholidone  (m.  p.  163*6°). 

The  pyrrholones  also  yield  characteristic  oxidation-products  and 
bromiDe-derivatiyes,  which  haye  been  analysed.  The  constitution  of 
the  oxidation- products  haa  still  to  be  determined. 

By  the  action  of  phenylhydrazine  on  dibenzoylcinnamene,  Japp  and 
Hnntly  obtained  (Trans.,  1888,  184)  a  compound  of  the  formula 
CsHttN,.  We  r^ard  this  compound  as  most  probably  an  anilido- 
triphenylpyrrhole  of  the  constitution 

O.H.-C-CH 

CeHo'C     C'CfHs 

\/ 

N-NH-CHb 

a  yiew  corresponding  with  that  adopted  by  Knorr  in  the  case  of  the 
compound  prepared  by  him  from  phenylhydrazine  and  ethylic  diaoeto- 
succinate  {Annaiw,  236,  295). 
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From  the  prodnct  of  this  reaction  of  dibenzoylcinnameae  with 
phenjlhydrazine,  we  succeeded  in  isolating  two  farther  componnds :  a 
compound  of  the  formula  C28Ha2N20,  apparently  a  monhjdrazone  of 
dibenzoylcinnamene ;  and  a  compound  C2iHi6Na,  probably  a  triphenyl- 
pyrazole.  The  latter  compound  is  formed  from  od-dibenzoyloinnamene 
with  elimination  of  a  benzoyl-group.  According  as  the  beneoyU 
group  is  removed  from  the  m-  or  from  the  /3-carbon-atom,  a/S-dibenjsoyl* 
cinnamene  will  yield  either  dibenzoylmethane  or  phenylbenzoylacet- 
aldehyde : — 

C.H..CO   CO-C^.  +  ^'^  -  60.C.H.  +  C.H.-CHO. 

Both  then  compounds  woxrld  react  with  phenylhydrazine,  elimi- 
nating 2  mols.  of  water,  and  yielding  triphenylpyrazoles.  The 
1-3-5-triphenylpyrazole,  from  dibenzoylmethane  and  phenylhydrazine, 
has  been  prepared  by  Knorr  and  Laubmami  (Ber.,  21,  1206),  and  is 
quite  distinct  from  our  compound,  which  is,  therefore,  probably 
derived  from  phenylbenzoylacetaldehyde,  and  would  eoosequently  be 
either  1-3-4-  or  l-4-5-tripbezky}p(yrazole. 

a/S-Dibenzoylcinnamene  ako  reacts  with  bydrozylamine  hydro- 
chloride with  elimination  of  a  benzoyl-group.  The  resulting 
compound,  CwHnN'O  (m.  p.  73 — ZS**)  itf,  aa  Dr.  Claisen  has  kindly 
informed  us,  distinct  from  a  diphenylisoxazol  which  he  has  prepared 
from  dibenzoylmethane  and  hydroxylamine.  It  is,  therefore,  like  the 
phenylhydrazine  compound^  probably  derived  from  pheuyVbenzoyl- 
acetaldehyde,  and  wotild  be  either  a  diphenylisoxazol  isomeric  with 

Dr.  Claisen's  compound,  or  a  nitrile  of  the  formula  I 

These  phenylhydrazine*  and  hydioxylamine-deriva4ives  require 
farther  investigation. 

Part  II.    BxpisBiMisirrAL. 

Prepctratian  of  mfif-Dibenzoylcinrwinene^ 

The  method  employed,  by  Japp  and  Miller  (he  cit.)  in  preparing  ~ 
dibenzoylcinnamene,  of  gently  warming  a  mixture  of  benzil  and 
acetophenone  with  aqueous  caustic  potash,  gives  ft  very  unsatisfactory 
yield.  We  find,  however,  that,  by  employing  an  alcoholic  solution  of 
potash,  the  yield  may  be  raised  to  80  per  cent,  of  the  theoretical 
amount  The  following  mode  of  conducting  the  reaction  gave  the 
best  result : — 
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105  grame  of  benzil  and  70  grams  of  acetophenone  are  intro- 
duced into  a  flask  and  dissolved,  with  the  aid  of  heat,  in  a  small 
qaantitj  of  aloohol,  after  which  the  flask  is  oooled  with  watery 
shaking  it  all  the  time  to  prevent  the  formation  of  large  crystals  of 
benzil.  To  the  magma  of  benzil  crystals  thus  obtained,  a  solution  of 
20  grams  of  canstic  potash,  dissolved  in  300  grams  of  alcohol  diluted 
with  30  g^ms  of  water,  is  added.  The  reaction  begins  at  once, 
but  it  is  necessary  to  warm  the  mixture  gently  on  the  water-bath  in 
order  to  get  all  the  benzil  into  solution.  As  soon  as  this  point  is 
reached,  the  flask  is  removed  from  the  water-bath,  and  aJlowed  to 
stand ;  in  an  hour  or  two  the  separation  is  complete.  The  crystalline 
substance  is  transferred  to  a  funnel,  washed  with  a  little  alcohol,  with 
the  aid  of  the  filter-pump,  until  free  from  the  dark-coloured  mother 
liquor,  and  recrystallised  once  from  boiling  alcohol.  It  is  then 
pure.* 

•  We  take  thia  oppoitnnity  of  recording  an  o^seiration  wkicli  we  haw  made  re- 
garding the  preparation  of  another  of  the  eondensaticm-oompoonde  of  diketoiies 
with  ketones — acetonebenxil,  CuHieOj. 

In  the  original  description  of  the  preparation  of  this  compound  hy  the  action  of 
a  small  quantity  of  caustic  potash  solution  oa  a  mixture  of  benzil  and  acetone 
(Japp  and  Miller,  Trans.,  1886, 21),  it  was  stated  that  the  use  of  an  acetone  purified 
by  means  of  the  bisulphite  eompoond  was  iadispensable  ia  order  to  obtain  any 
acetonebenzil  at  alL 

Having  occasion  to  prepare  this  substance,  we  purified  some  aoetooe  by  the  abore 
method  and  mixed  the  acetone,  benzil,  and  aqueouscaustio  potash  in  the  prescribed 
proportions,  but  were  astonished  to  find  that  no  action  took  place,  eyen  on  long 
shaking ;  the  benzil  would  not  dissolye.  A  second  quantity  of  potash  was  added, 
and  then  a  third ;  but  still  there  was  no  action.  At  last  an  incautious  addition 
of  potash  caused  a  reaction  to  tako  place ;  but  the  process  had  gone  too  far,  and 
amAy«Iracetonebenril,  C17H14O2,  was  formed. 

We  then  started  a  fresh  experiment,  using,  as  before,  the  prescribed  proportions. 
Again  no  reaction  occurred.  We  then  added  to  the  mixture  two  or  three  drops  of 
alcohol.  The  benzil  at  once  began  to  dissolve,  as  in  the  experiments  of  Japp  and 
Miller,  and  after  standing  for  two  or  three  days,  the  solution  had  deposited  large 
crystals  of  acetonebenzil. 

Acetone  can,  therefore,  be  prepared  so  pure  as  not  to  react  with  benzil  under  the 
eonditions  described  by  Japp  and  Miller,  and  their  statements  as  to  the  necessity  of 
employing  absolutely  pure  acetone  require  qualification. 

A  specimen  of  "  acetone  from  the  bisulphite-compound  "  purchased  from  Kahl- 
baum  gave  a  good  yield  of  aoeu>xMbenzil  when  treated  with  benzil  and  potash, 
without  any  addition  of  alcohol. 

It  is  to  be  borne  in  mind  that  alcoholic  potash  in  larger  quantity  conyerts  acetone- 
benzil into  anhydracetonedibenzil,  C,iHs404  {ibid.,  p.  26). 

[I  venture  to  suggest  the  following  explanation  of  these  discrepant  observations 
on  the  formation  of  aoetonebenzil : — 

The  acetone-bisulphite  compound  which  I  prepared  along  with  Dr.  Miller  in  the 
course  of  our  joint  work  was  washed  with  commercial  ether,  in  order  to  free  it  from 
the  last  traces  of  impurities  from  the  crude  acetone,  and  was  then  dried  by  exposure 
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The  melting  point  was  fonnd  at  129^,  as  giTon  is  the  first  paper. 

A  specimen,  deposited  hj  spontaneous  evaporation  from  a  mixture 
of  chloroform  and  carbon  bisulphide,  was  fonnd  bj  Mr.  Tntton,  who 
has  had  the  kindness  to  examine  crystallographicaDj  several  of  the 
compounds  described  in  this  paper,  to  consist  of  SQiall>  rhombic 
prisms.  Mr.  Tntton  will  publish  his  measurements  separately  (see 
next  paper). 

Molecular  Weight  of  ap-IXhemoylcinnanuBne, — ^We  determined  the 
molecular  weight  of  the  substance  by  Raoult's  method,  using 
acetic  acid  as  a  solvent.  The  results  are  too  high,  bnt  leave  no  doubt 
that  the  compound  has  the  molecular  weight  corresponding  with  the 
formula,  GsaHaeOa: — 

Mol.  wt. 

Wt.Bubtt.xlOO 
Wt.  subrt.  Wt.  aolv.       Wt.  boIf.      DepreBsion. 
I.  0-623      31-118  2-002  022'' 

II.  0-217      21-535  1-008  Oil 

III.  0-6126    24-504  2500  0-283 

The  molecular  depression  of  acetic  acid  wa£  taken  as  39. 

Triphenylfurfkiran  and  Triphenylchlorofarfttran. 

As  already  mentioned,  the  compound  CssHieO  (m.  p.  92 — 93°), 
obtained  by  boiling  a/9-dibenzoylcinnamene  with  hydriodic  acid  is  to 
be  regarded  as  triphenylfurfuran,  and  the  compound  CnHi»C10  (m.  p. 
115°),  from  «/9-dibenzoylcinnamene  and  alcoholic  hydrochloric  acid,  as 
tri  pheny  Ichlorof nrf  uran. 

In  accordance  with  this  constitution,  we  find  that  these  substances 
react  neither  with  phenyldrazine  nor  with  acetic  anhydride. 

Beduction  of  Triphenylchlorofarfuran  toith  Sodium  Amalgam, — An 
alcoholic  solution  of  this  compound  was  heated  with  sodium  amalgam 
on  the  water-bath  for  four  days,  renewing  the  sodium  amalgam  from 
time  to  time.  Analysis  of  the  substance  thus  obtained  showed  that 
the  reduction  was  not  complete.  The  treatment  with  sodium  amal- 
gam was,  therefore,  continued  for  two  days  longer.  The  substance 
now  crystallised  in  tufts  of  slender,  colourless  needles,  indis- 
tinguishable from  those  of  triphenylfurfuran,  melting  at  95 — 9&*. 
This  melting  point  is  slightly  higher  than  that  previously  observed 
for  this  compound.  Analysis  nhowed  that  it  was  pure  triphenyl- 
furfuran: 

to  the  air  before  dietilliiig  it  with  todium  carbonate.  It  ia  conoeiTable  that  the 
crystals  were  incompletely  dried,  and  that  thej  retained  a  trace  of  alcohol  from  the 
commercial  ether,  which  alcohol  then  passed  over  into  the  purified  acetone,  aiding 
the  reaction  in  the  manner  above  described. — F.  B.  J.]. 
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C.  H. 

Calculated  for  CaHi,0 89-19        540  per  cent. 

Found 88-91        6-53 

Seduction  of  Triphenylfurfuran  with  Sodium  and  Amyl  Alcohol, — 
Thirteen  grama  of  triphenylfnrftiran  were  dissolved  in  amyl  alcohol, 
and  the  boiling  solution  was  poured  upon  11  grams  of  sodium.  The 
liquid  was  kept  boiling  until  all  the  sodium  had  disappeared,  after 
which  it  was  twice  washed  with  water,  separated,  and  distilled. 
After  the  amyl  alcohol  had  been  driven  off,  the  distillation  was  con- 
tinued under  reduced  pressure.  A  pale-yellow  liquid  passed  over  at 
290 — 300**  under  a  pressure  of  75  mm. ;  the  pressure  was  not  quite 
constant  owing  to  a  slight  evolution  of  gas.  The  compound  is 
probably  a  tetrahydride, 

GeMft'C  H— C  Mj 
C,H.-6h  CH-C.H,' 

Y 

but  the  analytical  figures  would  also  agree  with  those  required  by  a 
hezahydride : 

Substance.  CO3.  HsO. 

1 0-2972     0-9536     01921 

n 0  2661     0-8536     01732 

Found. 

Calculated  for    Calculated  for  , * ^ 

GaH»0.  CaHaO.  I.  II. 

C 88-00  87-42  87*50        87-48 

H 6-67  7-28  718  7-23 

O 5-33  5-30  —  — 

100-00  100-00 

Oxidation  of  Triphenylfurfuran  with  Nitric  Add, — Zinin  oxidised 
lepiden  to  "  acicular  oxylepiden,"  by  heating  it  with  a  mixture  of 
acetic  acid  and  nitric  acid.  We,  therefore,  subjected  triphenylfur- 
furan to  the  same  treatment,  hoping  to  reconvert  it  into  ajS-dibenzoyl- 
cinnamene,  but  obtained  instead  the  mononitro-derivative  of  the  latter 
compound. 

One  part  of  triphenylfurfuran  was  dissolved  in  10  parts  of  boiling 
glacial  acetic  acid,  and  a  mixture  of  3  parts  of  concentrated  nitric 
acid  with  1  part  of  acetic  acid  was  gradually  added.  The  reaction 
was  at  first  very  violent,  and  red  fumes  were  given  off  in  great 
quantity.  On  pouring  the  product  into  water,  the  substance  separated 
as  an  oil,  which  speedily  solidified.     It  was  purified   by  recrystal- 


Digitized  by  VjOOQIC 


676        JAPP  AND  KUNGEMANN:   a^S-DlBENZOYLCINNAMENE 

lisation  from  alcohol,  a  process  which  coald  only  be  repeated  three 
times  (although  a  constant  melting  point  had  apparently  not  been 
reached),  as  a  considerable  part  of  the  substance  had  been  lost 
through  an  accident.  It  formed  pale-jellow  thin  plat.es,  softening 
about  140**,  and  melting  at  145—147'*.  Analysis  showed  that  it  was 
a  moruynitrodibenzoylcinnameney  CwHi60j(N0a)  (v.  infra). 

Dibenzoylcinnameue  treated  in  the  same  way  with  a  mixture  of 
nitric  acid  and  acetic  acid  is  quite  unaltered ;  but  when  gently 
warmed  with  excess  of  concentrated  nitric  acid,  it  is  converted  into 
the  foregoing  mononitro-compound.  The  colour  and  crystalline  form 
of  the  two  preparations  were  identical ;  but  the  substance  prepared 
from  dibenzoylcinnameue  melted  somewhat  higher  than  the  other — 
namely  at  155°,  with  previous  softening  at  150° — ^and  was  obviously 
purer. 

Substance.  OOf  H,0. 

I 0'2334  0-6314  00885 

II 0-2053  0-5570  0*0848 

III 0-2500  0-6753  00991 


Substance.  v.  i,                  p, 

NO  9-02  c.c.  26-6**  397  mm. 

...  902    „  26-5  389    „ 

v....     01710    dryN 902    „  245  503 

VI             0-1701/'^''^^  "^^^  ^'^    "  ^^'^  ^^^ 


IV....     0-14^8{^^^J  + 


fdryN  + 


9-02    „      23-5      466 


Calculated  for  Found. 

CaH^NO^.  r 


I.  II.  III.        IV.        V.        VI. 


C„..  264  73-95  73*77  7399  7366  —  —  _ 

Hjft..  15  3-92           4-21  458  440  —  —  — 

N...  14  4-20           _  _  —  379  4-02  3-86 

O4...  64  17-93            —  —  _  —  —  _ 


357    10000 

Analyses  I,  II,  IV,  and  V  were  made  with  the  preparation  from 
triphenylfurfuran ;  III  and  VI  with  that  from  dibenzoylcinnamene. 

The  reaction  of  triphenylfurfuran  with  nitric  acid,  therefore,  re- 
sembles that  of  lepiden,  in  so  far  as  the  furfuran- derivative  is  oxi- 
dised to  an  unsaturated  7-diketone,  but  differs  from  it  inasmuch  as 
the  resulting  compound  undergoes  nitration  in  the  process. 

Molecular  Weight  of  Triphenylfurfuran. — We  determined  the  mole- 
cular weight  of  this  compound  by  Baoult's  method,  using  benzene  as 
a  solvent  2 — 
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Mol.  wt. 

Wt.  sttbet.  X 100  Cftlc.  for 

Wt.BabBt.         Wt.  solv.        Wt.  sol?.     'Depresnon.    Found.  CuHmO. 

I.  0-2913        16-205  1797  0-335'*        263  296 

XL  0-5114.        12-678  4033  0753  263 

(Molecular  depreflsion  of  benzene  »  49.) 

Action  of  Heat  on  afi'Dihenzoylcinnamene, 

DibeDzojlcinaamene  yields  different  oomponnds  according  to  the 
temperatare  to  which  it  is  heated.  One  of  these  may  be  readily 
prepared  by  the  following  process. 

150  grams  of  dibenzoylcinnamene  were  heated,  in  portions  of 
50  grams  at  a  time,  at  a  temperatare  of  310°  (in  diphenylamine 
Taponr).  The  substance  was  contained  in  a  thin- walled  boiling-tnbe, 
which  was  snrronnded  by  another  larger  boiling-tnbe  in  wLich  was 
the  diphenylamine,  care  being  taken  that  the  level  of  the  hot  yaponr 
outside  was  well  above  that  of  the  substance  inside.  The  heating 
was  continued  for  half -an -hour.  During  the  process,  gas  was 
evolved  from  the  melted  substance ;  this  is  due  to  a  secondary  reac- 
tion which  will  be  considered  later  on.  The  contents  of  the  tube 
were  poared  while  still  liquid  into  a  flask,  and  the  united  product 
from  three  such  tubes  was  treated  first  with  ether,  which  dissolved  a 
dark  colouring  matter,  but  along  with  it  some  of  the  new  substance ; 
then  it  was  extracted  with  a  small  quantity  of  boiling  alcohol,  after 
which  the  remainder  was  dissolved  in  boiling  alcohol.  The  substance 
deposited  from  tliis  last  solution  was  practically  pure,  but  was 
recrystallised  from  alcohol  for  analysis  ;  the  substance  from  the  first 
two  extracts — together  about  a  sixth  of  the  whole — was  impure  and 
had  to  be  recrystallised.  The  total  yield  of  pure  substance  was 
70  per  cent,  of  the  weight  of  the  dibenzoylcinnamene. 

The  new  compound  crystallises  from  alcohol  in  long,  lustrous 
needles,  or  monoclinic  prisms,  starting  from  one  point,  melting  with- 
out decomposition  at  117 — 118°.  Analysis  showed  that  it  was  iso- 
meric with  dibenzoylcinnamene. 

Substance.  CO,.  HjO. 

1 0-2108     0-6525     01011 

II 0-1998     0-6177     00952 

Calculated  for                              Found. 
CaUi«0,.  , * ^ 

, " s  I.  n. 

Ca  264        84-62  8441  8431 

H,. 16          5-13  5-32  529 

O, 32        10-25  —  — 

312      100-00 

TOL.  LTtl.  2   Z 
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The  anklyses  were  made  witli  two  different  preparations. 

The  componnd  is,  as  we  shall  presently  show,  triphenylcrotolacUme^ 

(CA).C— fJH 

CO   O'CH^ 

Y 

Phenjlhydrazine  in  alcoholic  solution  does  not  react  with  it,  either 
at  100°  oi^  at  150^.     Acetic  anhydride  is  without  action  even  at 

On  one  occasion  in  purifying  iriphenylcrotolactone,  we  isolated  a 
small  quantity  of  a  sparingly  soluble  substance  crystallising  in 
minute,  white  needles.  By  means  of  the  melting  point  (197 — 198**) 
and  the  characteristic  colour  reaction  with  concentrated  sulphuric 
acid,  we  identified  this  substance  with  iso-«/3-dibenfloylcinnameiie. 
This  compound  is  more  readily  obtained  in  the  reactions  of  «/3-di- 
benzoylcinnamene  with  some  of  the  primary  alkylamines  (9.  infra). 
Attempts  to  prepare  it  in  larger  quantity  by  heating  «/9-dibeBzoyl* 
cinnamene  alone  at  various  temperatures  failed. 

Molecular'  Weight  of  Triphenylcrotolactone. — The  molecular  weight 
WBfl  determined  by  Baoult's  method  in  acetic  acid  solution : — 

Mol.  wt. 


Wt.  wibet.  xlOO  Oalo.  for 

Wt.  MiMt.       Wt.  soIt.         Wt.  tfolt.     '    Depresftioh.     Found.     CbHi«0^ 
I.  0-328  15-211  2156  0-26**  836  312 

II.  0-384  16-020  2-567  031  322 

(Moleoukr  deptfeBiion  of  aoetie  add  «  89.) 

Actian  of  Bromine  on  Triphenylcrotolactone, — ^The  substance  was 
dissolved  in  chloroform  and  treated  with  two  atomic  proportions  of 
bromine  in  the  hope  of  obtaining  an  additive  compound ;  but  the  ad- 
dition of  the  bromine  at  once  produced  a  strong  evolution  of  hydric 
bromide.  After  getting  rid  of  the  chloroform  in  a  vacuum- desic- 
cator over  solid  paraffin  and  soda-lime,  there  remained  an  oil  which 
solidified  on  exposure  to  air.  As  the  compound  had  evidently  been 
formed  by  substitution,  it  was  recrystallised  from  boiling  alcohol, 
from  which  it  was  deposited  in  broad,  colourless  needles  melting 
constantly  at  109°.  A  bromine  determination  (Garius)  gave  a  result 
agreeing  with  the  formula  C»HtsBrOs  :-^ 

0*3957  griEim  substance  gave  0*1887  gram  AgBr. 

GalcuUited  for 
CasHuBrOt.  Found. 

fir  in  100  parts 20*46  20*2: 
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The  compound  probably  has  the  constitution 

(C,H.),C CBr 

CO    CCHfc 

Y 

but  was  not  fnrtber  fftndied. 

Oxidation  of  Triphenylcrofolactone. — 10  grams  of  the  substance 
were  dissolved  in  glacial  acetic  acid  and  oxidised  with  20  grams  of 
chromic  anhydride,  finishing  the  reaction  on  the  water-bath.  Water 
was  then  added  and  the  oxidation-product,  which  was  thus  partly 
precipitated,  was  extracted  with  ether.  The  ethereal  solution  was 
shaken  with  sodium  carbonate,  which  removed  acetic  and  benzoic 
acids.  After  boihng  oft  the  ether  on  the  water-bath,  the  residual 
yellow  oil  was  distilled ;  it  passed  over  between  295**  and  300®  (b.  p. 
of  beuEophenone  296 — ^297^'),  and  on  adding  a  minute  fragment  of  a 
benzophenone  crystal  solidified  almost  completely.  A  small  quantity 
of  adhering  oil  was  removed  by  absorption  on  a  porous  tile,  after 
which  the  substance  was  redistilled  under  reduced  pressure.  It  now 
solidified  completely  on  touching  it  with  a  crystal  of  beuEophenone. 
Thns  purified,  it  showed  the  melting  point  of  benzophenone  (48**)  and 
gave  on  analysis  C,  85*36,  H,  5*69  per  cent.  (Calculated  for  CisHioQ^ 
C,  8572,  H,  5-60  per  cent.). 

Beduetion  of  Trtphenylcrololncione. — The  substance  was  boiled  for 
some  minutes  with  fuming  hydriodic  acid  in  an  open  flask,  then 
treated  with  water  to  remove  hydriodic  acid,  boiled  with  dilute- 
hydrogen  sodium  sulphite  to  get  rid  of  iodine,  again  washed  with 
water,  and  finally  recrystalHsed  from  boiling  alcohol,  fronr  which  ifc 
was  deposited  in  small,  colourless  needles  melting  constantly  at  153^.. 
Analysis  gave  figures  agreeing  with  the  formula  of  a  dihydro-com> 
pound,  Cj^HmO,  : — 

Substance.  COj.  HjO. 

I 0-2162  0-6635        0^1143 

II 0-2341  07179        0-1286 


Calculated  for  Found. 

CaHwO,.  . -^ , 

, ^ ,  I.  II. 

Ca 264        84-0&  a3-67        83-63 

H„ 18  6-73  5S7  586 

O, 32        1019  —  — 

314      10000 

The  molecular  weight  was  determined  by  Baoult*s  method,  using 
bensene  as  a  solvent : — 

2  z  2 
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MoL  wt. 


Wt.  sttbBt.  X  100  Calc.  for 

Wt.  «ubst.      Wt.  solv.           Wt.  soIt.      •  Depression.    Foand.  CuHigO^ 

07331        21476            3-413             0-548**        305  314 
(Molecular  depresiion  of  benzene  »  49.) 

The  compound  is  to  be  regarded  as  triphenylbutyrolactone^ 

(CeH,),C Cfl, 

CO    CH-C,H/ 

\/ 
O 

It  is  insoluble  in  aqneons  potash,  but  dissolves  in  alcoholic  potash, 
and  after  evaporating  off  the  alcohol,  a  salt  remains  which  is  soluble 
in  water.  The  solution  of  this  salt  gives  with  mineral  acids  a  white 
precipitate  which  doubtless  consists  of  tHphenyl-^hydroxyJndyrio  add^ 

(CeHs)  jC '^  Hj 

COOH    CH(0H)-C.H/ 

When  freshly  precipitated,  the  acid  readily  dissolves  in  alkaline  car- 
'bonates,  but  on  drying,  or  even  on  standing  under  the  solution,  it 
loses  this  property  and  is  found  to  have  been  re-£onverted  into  the 
lactone.  Triphenylbutyrolactone  is  not  altered  by  heating  it  with 
-alcoholic  ammonia  to  150*",  or  by  fusing  it  with  ammonium  acetate. 

Triphenylcrotolactone  was  also  reduced  by  heating  it  with  hjdr- 
iodic  acid  and  amorphous  phosphorus  at  150°.  The  product  was  an 
oil  which  was  not  homogeneous.  After  distilling  it  under  reduced 
pressure,  a  few  crystals  separated  from  the  oily  distillate  ;  these  were 
recrystallised  from  alcohol  and  were  then  found  to  melt  at  146 — 147" ; 
but  the  quantity  was  too  small  for  examination,  and  the  investigation 
of  this  product  was  therefore  abandoned. 

We  also  reduced  triphenylcrotolactone  by  acting  on  its  solution  in 
boiling  alcohol  with  metallic  sodium.  The  solution  thus  obtained 
gave  no  precipitate  on  dilution  with  water;  it  contained  the  sodium 
salt  of  triphenyU7-hydroxy butyric  acid.  This  acid,  when  liberated 
from  the  salt  by  the  addition  of  a  mineral  acid,  behaved  as  already 
described  and  was  identified  in  the  form  of  its  lactone. 

Action  of  Potash  on  Triphenylcrotolactone. — The  substance  was 
heated  with  alcoholic  potash  on  the  water-bath  until  a  sample  of  the 
liquid,  on  evaporating  off  the  alcohol  and  adding  water,  gave  no 
turbidity.  The  alcohol  was  then  expelled  from  the  remainder,  and 
the  product  was  dissolved  in  water.  Hydrochloric  acid  precipitated 
from  the  alkaline  solution  a  colourless  acid,  which  was  purified  by 
^  "ecrystallisation  fi-om  a  small  bulk  of  methyl  alcohol,  from  which  it 
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is  deposited  in  transparent,  colonrlesR,  rectangnlar  plates.  It  melts 
at  182 — 183*  without  decomposition;  between  22(y*  and  230°  it  gives 
o:ff  gas  (aqneons  vapour),  and  at  aboat  260^  this  evolution  is  rapid. 
Analysis  of  the  acid  dried  at  100''  showed  that  it  had  been  formed 
from  triphenjlcrotolactoiie  by  the  addition  of  a  molecule  of  water : — 

Substance.  CO,«  HjO. 

1 0-2712  0-7896  01354 

II 0-1919  0-5607  0-0975 

Calculated  for  Found.- 

CajHijOj.  f * ^ 

f ,  I.                II. 

C„ 264          8000  79-40        79-68 

H„ 18            5-45  6-54          564 

O, 48          14-55  —             — 

33a        10000 

The  silver  salt,  prepared  by  precipitating  the  ammonium  salt  with 
silver  nitrate,  and  dried  over  sulphuric  acid,  was  of  a  greyish-white 
colour,  and  did  not  appear  to  be  pure.  It  gave  on  analysis  too  low  a 
result  for  carbon,  and  too  high  a  result  for  silver.  The  value  for  the 
iiKtal,  however,  shows  beyond  all  doubt  that  the  acid  is  mono- 
basic:— 

Oaloulated  for 
CsHjyOsAg.         Found. 

AginlOOparts 2472  2528 

The  acid  is  m^diphenylrff-benzaylpropiontc  acid,  formed  according  to 
the  equation — 

(C,H.)aC— CH         ,  „  p.  .  (C.H.),C CH,       , 

CO   CC.H5  "^     '     "  COOH  C0-C.H5 

O 

Redwition  of  Dlphenylbenzoylpropionic  Acid, — A  small  quantity  of 
the  acid  was  boiled  with  fuming  hydriodic  acid,  and  the  product  freed 
from  iodine  by  boiling  with  hydrogen  sodium  sulphate.  It  crystallised 
from  alcohol  in  small,  colourless  needles  melting  at  154°,  and  was 
identical  with  the  triphenylbutyrolactone  already  described. 

A  solution  of  the  acid  in  aqueous  caustic  soda  was  treated  on  the 
water-bath  for  two  days  with  a  large  excess  of  sodium  amalgam. 
Hydrochloric  acid  precipitated  from  the  solution  triphenyl-7- 
hydroxybutyric  acid,  which  on  drying  and  recrystallising  from 
alcohol,  was  converted  into  triphenylbutyrolactone  (v,  supra). 
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Action  of  Phenylhydrcuine  on  Diphenylbengoylpropionic  Acid, — The 
acid  was  heated  with  2  molecular  proportions  of  phenylhjdrazine  in 
alcoholic  solution  for  a  short  time  at  100**.  On  cooling,  a  quantity  of 
unchanged  substance  was  deposited,  along  with  a  red  oil.  The 
mixture  was  therefore  heated  for  an  hour  at  150°.  This  time  the 
liquid  in  the  tube  was  filled  with  colourless  needles  melting  at  185°. 
This  substance  was  recrystallised  from  boiling  alcohol,  in  which  it  is 
only  sparingly  soluble;  it  was  deposited  in  well -shaped  crystals, 
melting  as  before  at  185°.    Analysis  showed  that  it  had  the  formula 

c»H«isr,o  :— 

BubstaMoe.  CO,.  H,0. 

1 0-1910     0-5840     0-0960 

II 0-2161     0-6607     01071 

Subfltanoe.  v.  i.  p. 

NO    13-5  c.c.      28-5**      580  mm. 


.fdiyN  +  N 


^" '-'''' ^         -  135,,        23-5        513 

Calculated  for  Found. 

, ^ ^  I.  IL  III. 

C» 336          83-58  83-38  *  8338  — 

H„ 22           5-47  6-68  5*50  — 

Na 28           6-97  —  —  7-01     . 

0 16           3-98  —  —  _ 

402        100-00 

The  compound  is  formed  accenting  to  the  equation — 

C„H,A  +  C.H5-NH-NH,  =  C«HmN,0  +  2ftO. 

5  grams  of  this  compound  were  reduced  with  5  grams  of  sodium 
in  boiling  amyl  alcohol.  The  solution  was  shaken  with  water,  and 
the  greater  part  of  the  amyl  alcohol  was  distilled  off  nnder  reduced 
pressure  on  the  water-bath.  From  the  concentrated  solution  a  sub- 
stance separated  which,  after  recrystallisation  from  boiling  alcohol, 
in  which  it  is  only  sparingly  soluble,  formed  colourless,  slender 
needles  melting  at  201^.  Analysis  showed  that  it  had  the  formula 
CaHiJiO:— 

Substanoe.  CO3.  H|0. 

1 01862     0-5739     01022 

n 01907     0-5880     01067 

Substance.  v,  4.  p. 

Ill 0-0969    dry  N 902  c.e.  19''  8U  rom. 

IV  01217/   »    N  +  NO  902  „  19  402    „ 

^^ ^^^"1  .    N 902  „  19  883    „ 
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0>loalated  for 
C|,H„NO. 

Found. 

l'. 

II.                     III. 

17. 

Cn.--- 

264 

84-85 

84^0$ 

8409        — 

— 

H„.... 

19 

607 

6-09 

6-21        — 

— 

N 

14 

4-47 

— 

—        4-63 

4-49 

0...   . 

16 

511 

— 

—         — 

r— 

3  3        10000 

This  compoand  is  identical  with  S-diphenyl-b-phenylpyrrholidone 
(v.  infra)  y  and  its  formation  is  t>est  acooonted  for  on  thjB  assamptioD 
that  the  phenjlhydrazine-derivaiiye  of  diphenjlbenzojlpropipnic  apid 
is  I'CmilidO'S'diphenyl'S'phenylpyrrTiolone : — 


(C  A),0— OH  (CH.)^— OH, 

•NHCJEU  NH 


Vn 


Tl^e  aniline  was  not  looked  for,  as  the  amyl  alcoholic  i^tiother 
liqnor  and  distillate,  which  T^opld  hare  contained  it,  -^ere  nnfor- 
tauately  t^rowi^  ^^J  before  the  nfitore  of  the  reactioiiL  was 
ascerteuned. 

Action  of  Hydroxylamine  on  Diphenylheyizoylpropionio  Acid. — 
5  grams  of  the  acid  were  dissolved  in  alcohol  with  3  grams  of 
hydroxylamine  hydrochloride,  and  heated  in  a  sealed  tnbe  at  100°  for 
half  an  honr.  Addition  of  water  precipitated  a  bulky  snbstance, 
which  dissolved  readily  in  boiling  alcohol,  and  separated  in  small, 
transparent  crystals ;  these,  after  a  further  recrystallisaiion  from  the 
same  solvent,  melted  constantly,  with  a  slight  evolution  of  gas, 
at  150 — 152°.  We  afterwards  found  that  it  could  be  more  readily 
purified  by  reorystallisation  from  light  petroleum.  Analysis  led  to 
the  formula  C^HurNGs : — 

Substance.  OOj.  HsO. 

1 0-2474  07294  0*1160 

II 0-2398  0-7084  01134 

Substance.  «.  t  p. 

Trr               A.i^i  / dry  N  +  NO    902  fe.c.        20°        472  mm. 
^" °^^H   „    N 9-02   „  20         457    „ 
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Calculated  for 
CmH„NO^ 

. .     264         8073 

Found. 

c„  .... 

80-40 

II. 

80-56 

in. 

H„  .... 

...       17            5-20 

5-20 

6-25 

— 

N 

, . .       14           4-28 

— 

— 

403* 

0, 

. .       82            9-79 

" 

^"~ 

— 

327        10000 

The  componnd  is  formed  according  to  tlie  equation 

CjjHwOs  +  NHa-OH  =  C«H,7N0a  +  2H,0. 

An  attempt  was  then  made  to  obtain  a  better  yield  of  this  com- 
ponnd by  heating  diphenylbenzojlpropionic  acid  with  a  large  excess 
of  hydroxylamine  hydrochloride  in  dilute  alcohol  at  180°  for  two 
hours.  There  was  a  strong  pressure  in  the  tube  on  opening  it.  The 
alcohol  was  expelled  on  the  water-bath,  and  water  was  added ;  the 
oily  product  was  digested  with  sodium  carbonate,  washed,  dissolyed 
in  hot  alcohol,  from  which  it  separated  in  a  crystalline  form,  and 
peveral  times  recrystallised  from  the  same  solvent.  It  formed  long, 
flat,  colourless  needles  melting  at  142 — 143^.  It  is  quite  unacted 
upon  by  alcoholic  potash.  It  has  the  formula  CaHnNO,  and  has, 
therefore,  been  formed  from  the  foregoing  compound  by  the 
abstraction  of  an  atom  of  oxygen.  It  is  isomeric  with  triphenji- 
pyrrholone  (v,  infra).     The  yield  is  not  good. 

Subfltance.  CO^  H,0. 

1 01955  0-6052  0-1023 


II 0-2801  0-8661  0-1452 

III....     01008   |dryN  + 


Hubstance.  e.  i.  p. 

NO  902O.C.  IS-S"  392  mm. 

...  9-02   „  16  346    „ 

IV....     01042        „    N 902   „  17-5  374    „ 


Oalcnlated  tor  Foand. 

C»H„NO. 


r 


I.  II.  III. 


1^. 


Ca....     264  84-89  8442        8433        —         — 

H„....       17  5-47  6-81  575        —         — 

N 14  4-50  —  —         5-15      502 


16  5-14 


311        100-00 

We  are  unable  to  account  for  the  excess  of  nitrogen  found  in  both 
determinations. 

*  Determined  by  Dr.  J.  B.  Tingle. 
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These  two  componnds  are  to  be  further  studied. 

Action  of  Heat  on  Diphenylbenzoylpropiontc  Acid. — A  small  quantity 
of  the  acid  was  heated  at  310®  (in  diphenjlamine  vapour)  until  gas 
had  almost  ceased  to  be  evolved  from  the  melted  substance,  a  process 
which  required  about  ten  minutes.  Drops  of  water  collected  in  the 
upper  part  of  the  test-tube  containing  the  substance.  The  product 
was  warmed  with  sodium  carbonate  solution  and  then  recrjstallised 
from  alcohol,  from  which  it  was  deposited  in  the  characteristic 
needles  of  triphenylcrotolactone,  melting  at  117**.  It  is  formed  from 
the  acid  with  the  loss  of  a  molecule  of  water,  the  process  resembling, 
as  already  pointed  out,  the  formation  of  the  anhydrides  of  IsBvulic 
acid. 

Action  of  Acetic  Anhydride  on  Diphenylbenzoylpropionie  Acid, — 
When  the  acid  is  heated  with  acetic  anhydride  at  150°,  it  parts  with 
water,  yielding  triphenylcrotolactone,  as  in  the  foregoing  reaction. 

Distillation  of  aP-DihenzoylcinnaTnene  and  "  Acicular  OxyUpiden.'* 

The  evolution  of  gas  described  as  occurring  when  dibenzoyl- 
cinnamene  is  heated  in  the  preparation  of  triphenylcrotolactone  is 
due  to  the  decomposition  of  a  portion  of  the  latter  substance.  In 
order  to  study  this  reaction,  and  to  obtain  the  compound  formed,  it  is 
not  necessary  to  prepare  and  isolate  triphenylcrotolactone;  it  is 
sufficient  to  distil  dibenzoylcinnamene :  the  transformation  of  this 
compound  into  the  lactone  and  the  decomposition  of  the  latter  take 
place  in  one  operation,  whilst  the  new  compound  passes  over,  and 
may  be  collected. 

20  grams  of  dibenzoylcinnamene  were  distilled  under  reduced 
pressure,  using  an  Anschiitz  flask,*  and  heating  with  a  free  flame. 
At  first,  gas  was  given  off  in  such  quantity  that  the  pump  was 
unable  to  keep  pace  with  it,  so  that  the  manometer  fell,  and  the 
operation  had  to  be  interrupted  from  time  to  time  in  order  that  the 
vacuum  might  be  re-established.  Later  on,  this  evolution  of  gas 
slackened,  and  a  yellow  liquid  passed  over,  solidifying  in  the  receiver. 
The  product  was  dissolved  in  ether.  The  solution,  on  standing, 
deposited  large,  transparent,  yellow  crystals,  together  with  a  brown 
oil;  the  latter  could  be  removed  by  washing  with  ether.  The 
crystals  were  heated  with  alcoholic  potash,  which  removes  any  tri- 
phenylcrotolactone which  they  may  contain ;  the  substance  was  then 
reprecipitated  with  water  and  recrystallised,  twice  from  alcohol  and 
once  from  ether.     It  forms  large,  yellow,  monoclinic  prisms  with  the 

*  In  thi«  flask  the  receiyer  is  fused  on  to  the  tubulure.  This  anrangement  is 
especially  adyantageous  in  distilling  substances  of  high  melting  point,  as,  in  the 
eyent  of  a  stoppage,  the  tubulure  can  be  heated  throughout. 
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basal  plane  frequently  so  dominazit  as  to  render  the  crystals  tabular. 
It  melts  at  92 — 93**,  and  dissolyes  in  concentrated  solphurio  acid  with 
a  bright  yellow  colour. 
Analysis  agreed  with  the  formula  CsiHuQ : — 

Substance.  00,.  H,0. 

1 0-2126  0-6898  0-1082 

II 0-2374  0-7703  01198 

Calculatod  for  Fooii^. 

, ' ,  1  if. 

0,1 252  88*74  88*48  68-49 

Hi 16  6-63  6-65  6-60 

0 16  5-68  —  — 

284        100*00 

It  is  formed  from  dibensoylcinnamene,  or  rather  from  the  isomeric 
triphenylcrotolactone,  by  the  elimination  of  carbon  monoxide : — 

C22H„Oa  +  C«Hi.O  +  GO. 

The  mother  liquor  obtained  in  thue  treatment  of  the  cmde  distillate 
with  ether  was  /evaporated  to  dryness,  and  the  residue  heated  with 
alcoholic  potash.  From  the  potash  solution,  hydrochloric  acid  preci- 
pitated an  acid  which,  after  purification  by  redissolving  in  sodium 
carbonate,  reprecipitating,  apd  recrystallising  from  alcohol,  melted  at 
182— 183%  gave  off  water  at  220— 230%  and  was  identical  with 
diphenylbenzoylpropionic  acid.  As  a  further  proof,  it  was  heated  in 
phenauthrene  vapour,  and  the  product  was  dissolved  in  alcohol.  The 
solution  deposited  pure  triphenylcrotoiactone  melting  at  117^. 

It  was  evident,  therefore,  that  a  portion  of  the  triphenylcroto- 
iactone into  which  the  dibenzoylcinnfuuene  was  converted  had 
diatilled  over  undecomposed,  and  had  yielded  with  the  potnah 
diphenylbensoylpropionio  acid. 

In  order  to  ascertain  whether  the  gas  evolved  in  the  reaction  was, 
as  required  by  the  foregoing  equation,  carbon  monoxide,  a  fresh 
quantity  of  dibenzoylcinnamene  was  heated,  and  the  gas  collected. 
The  exact  procedure  employed  will  be  described  later  in  the  case  of 
the  corresponding  experiment  with  "  acicular  oxylepiden.*' 

The  volume  of  gas  obtained  was  only  about  three-fourths  of  thM^ 
required  by  the  equation,  but  probably  t^he  decomposition  was  not 
oomplete,  as  the  experiment  with  oxylepiden  gave  an  almost 
theoretical  result.  A  portion  of  the  gas  was  analysed  in  a  Frankland 
and  Ward's  apparatus.  It  gave  no  contraction  with  pyrogallate, 
showing  that  no  air  was  mixed  with  the  gas.    Fuming  sulphuric 
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acid  absorbed  3  per  cent.,  and  the  remainder,  as  the  following  figures 
show,  consisted  of  practicalij  pore  carbon  monoxide : — 

ToLai 
OP  and  760  mm. 
Gbs  taken  (after  treatment  with  HiS^O?)  •  •       873  c.c. 

AfteraddingO 19'47    „ 

After  explosion 14*92    „ 

Af  tor  absorption  with  KOH 6*24    „ 

O.        Oontraotion.      OO^ 

Required  for  1  vol.  CO 05  05  1 

Found 0-52  062  0*99 

A  constitution  which  might  be  ascribed  to  a  compound  formed  from 
triphenjlcrotolactone  bj  the  elimination  of  carbon  monoxide  is 

(C.H5),C^CH 

^CCJBU 

This  formula  is  in  keeping  with  the  fkct  that  the  compound  is 
unacted  on  either  bj  phenjlhjdrazine  or  bj  acetic  anhydride.  On 
the  other  hand,  we  find  that  a  chloroform  solution  of  the  substance 
does  not  decolorise  bromine,  as  an  unsaturated  compound  like  the 
foregoing  might  be  expected  to  do.  An  attempt  to  oxidise  it  with 
chromic  anhydride  in  acetic  acid  solution,  so  as  to  obtain  a  compound 
corresponding  with  Zinin's  **  oxyisolepiden,"  gave  no  result. 

B^d^iction  of  the  Compound  CaiHieO. — Four  grams  of  the  compound 
were  reduced,  in  boiling  idcoholic  solution,  with  8  grams  of  sodium. 
Water  precipitated  a  thick,  colourless  oil,  which  could  not  be  obtained 
in  a  crystalline  form  either  by  treatment  with  solvents  or  on  long 
standing.  It  was  therefore  distilled  under  reduced  pressure.  It 
boiled  at  about  270*"  under  30  mm.  pressure ;  the  boiling  point  was 
not  very  constant.  The  product,  a  thick,  colourless  oil,  solidified  on 
standing.  By  recrystallisation  from  light  petroleum  it  was  obtained 
in  small,  colourless  needles  melting  not  very  sharply  at  86 — 92^. 
Analysis  showed  that  it  was  a  hydrocarbon ;  the  figures  would  agree 
with  the  formula  C«iHi8 : — 

Substance.  00,.  H,0. 

0-2036  0-6927  0-1235 

Calcmlatadfor 

^ A ^       Found. 

C« 252     93-33      92-78 

Hw 18      6-67       6-74 

270    100-00      99-^2 
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Such  a  hydrocarbon  might  either  be  a  triphenylpropylene  or  a 
triphenyltrimethylene.  The  formation  of  the  former  of  these  might 
be  accounted  for  on  the  supposition  that  in  the  reduction  a  tri phenyl- 
propyl  alcohol  is  first  formed,  which  in  the  subsequent  distillation 
breaks  off  water,  yielding  triphenylpropylene.  In  the  latter  case  it 
might  be  necessary  to  assume  the  existence  of  the  trimethylene  ring 
in  the  compound  CjiHieO. 

An  attempt  was  made  to  prepare  a  further  quantity  of  the  hydro- 
carbon, but  this  time  the  substance  did  not  solidify,  even  after  repeated 
distillation  in  a  yacuum  or  on  adding  a  crystal  of  the  solid  compound, 
so  the  investigation  of  the  reaction  was  abandoned. 

DisfUlation  of  "  Acicular  Oxylepiden.'* — The  results  obtained  in  the 
distillation  of  dibenzoylcinnamene  do  not,  as  was  pointed  out  in  the 
introductory  part  of  this  paper,  preserve  the  analogy  with  Zinin's 
work.  Following  this  analogy,  we  oaght  to  have  obtained,  instead  of 
the  compound  C2iHi60,  an  isomeride  of  triphenylfurfuran,  and  instead 
oC  diphenylbenzoylpropionic  acid,  an  isomeride  of  this  acid.  We 
therefore  determined  to  repeat  Zinin's  work  on  the  distillation  of 
"acicular  oxylepiden,"  in  order  to  prepare  and  examine  his  "iso- 
lepiden  "  and  "  isoxylepidenic  acid." 

Lepiden  was  first  prepared  by  Zinin's  method,  by  heating  bensoin 
with  fuming  hydrochloric  acid  (saturated  at  8**)  at  130°  during  eight 
hours.  The  yield  was  only  one-tenth  of  the  weight  of  benzoin 
employed ;  but  we  found  that,  by  heating  to  140^  during  the  same 
period,  this  yield  could  be  doubled.  The  lepiden  was  oxidised  to 
*'  acicular  oxy lepiden  "  by  treatment  with  nitric  acid  in  acetic  acid 
solution.  We  could  not,  by  any  process  of  recrystallisation,  succeed 
in  raising  the  melting  point  of  this  oxylepiden  above  210 — 211^, 
whereas  Zinin  gives  220°  as  the  melting  point. 

The  following  colour  reactions  of  lepiden  and  "acicular  oxylepiden" 
are  not  described  by  Zinin.  Lepiden  dissolves  in  concentrated  sal- 
phurio  acid  with  a  green  colour ;  oxylepiden  with  a  yellow  colour, 
which  almost  instantly  changes  to  a  beautiful  green. 

13'4  grams  of  this  oxylepiden  were  distilled  from  a  weighed 
Anschiitz  flask  under  reduced  pressure,  heating  with  a  free  flame. 
There  was,  just  as  in  the  distillation  of  the  dibenzoylcinnamene,  a 
copious  evolution  of  gas,  which  ceased  towards  the  end  of  the  opera- 
tion. The  distillate,  poured  out  of  the  receiver,  weighed  10  grams. 
The  residue,  partly  remaining  in  the  distilling  flask,  partly  adhering 
to  the  attached  receiver,  weighed  2*4  grams.  The  loss  was,  therefore, 
1  gram,  whereas,  accoi*ding  to  the  equation  CasHsoOs  s=  CtyHnO  +  CO, 
the  loss  from  evolution  of  carbon  monoxide  should  have  been,  for  the 
foregoing  quantity  of  oxylepiden,  0*96  gram — a  sufficiently  close 
approximation  for  an  experiment  of  this  character. 
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The  distillate,  whicli  when  cold  formed  a  yellow,  tiscoiis  mass,  was 
treated  with  boiling  ether,  which  caused  it  to  become  crystalline. 
The  concentrated  ethereal  solntion  was  poured  ofE  from  the  crystals, 
which  were  recrystallised,  first  from  boiling  alcohol,  then,  following 
Zinin*s  directions,  from  alcoholic  potash,  and  then  again  from  alcohol. 
This  portion  was  employed  for  Analyses  I  and  II.  Part  was  re- 
crystallised  once  more  from  ether  and  used  for  Analyses  III  and  lY. 
The  compound  forms  yellow  crystals  melting  at  151**  (160°,  Zinin). 
We  find  that  concentrated  sulphuric  acid  dissolves  it  with  a  bright- 
red  colour. 

Analysis  agreed  with  the  formula  Ca7HaoO  : — 

SubBtance.  QO,.  HjO. 

I 0-2190  0-7202  01113 

II 0-2600  0-8509  013 13 

III 0-2000  0-6597  0-0986 

IV 01004  0-3306  0-0504 

Calculated  for  Found. 

C^H„0.  , -^ , 

t • ^  I.  II.  III.         IV. 

C«  ....  324   9000  89-67  89-25  8987  8980 
H»,  ....   20    6-65    6-64   5-61   5-47   6-67 

0 16    4-45     —    —    —    _ 


360  100-00 

Zinin's  formula,  CasHwO,  requires  C,  90*32,  and  H,  5*38  per  cent., 
so  that  the  analyses  alone  are  hardly  competent  to  decide  between  the 
two  formulflB,  although,  so  far  as  they  go,  they  spealt  in  favour  of  the 
formula  adopted  by  us.  Taken  in  conjunction,  however,  with  the 
foregoing  experiment  on  the  loss  of  weight  during  distillation,  and 
with  another  experiment,  to  be  described  presently,  on  the  volume 
and  nature  of  the  gas  evolved,  they  leave  no  doubt  that  the  substance 
has  the  formula  C27H20O,  and  that  it  is  formed  with  elimination  of  a 
molecule  of  carbon  monoxide,  instead  of  being,  as  Zinin  imagined,  a 
product  of  deoxidation. 

The  ethereal  extract  from  the  distillate  was  treated,  according  to 
Zinin's  directions,  with  alcoholic  potash,  in  order  to  obtain  the 
^^  isoxylepidenic  acid."  From  the  alkaline  solution  an  acid  was  pre- 
cipitaied,  which,  after  recrystallisation  from  alcohol,  melted  at  174°, 
and  was  indistinguishable  from  ordinary  oxylepidenic  acid  prepartd 
by  the  action  of  caustic  potash  on  ^^  tabular  ozylepiden."*  Zinin 
gives  166*"  as  the  melting  point  of  his  **  isoxylepidenic  acid." 

*  The  specimen  of  oxylepidenic  acid  with  which  we  compared  it,  and  which  was 
meatured  by  Mr.  Tutlon,  melted  at  176°.    Zinin  gives  the  melting  poinl  of  das 
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Mr.  Tntton  Lad  the  kindness  to  make  a  crystallograpliical  com- 
parison of  the  acids  from  the  two  soarces — t.d.,  from  the  distillate  and 
from  "  tabular  oxylepiden  " — ^and  has  fully  established  their  identity 
(see  following  paper). 

As  an  additional  proof,  we  heated  some  of  our  "  isoxylepidenio 
acid*'  in  a  test-tnbe  in  phenanthrene  vapour.  It  behared  exactlj 
like  oxylepidenic  acid,  splitting  off  water  and  yielding  "  tabular  oxy- 
lepiden," which,  after  recrystallisation  from  alcohol,  showed  the 
correct  melting  point  of  ISG**. 

We  are  therefore  constrained  to  regard  Zinin's  supposed  '*  isoxy- 
lepidenio  acid"  as  nothing  more  than  impure  oxylepidenic  acid. 
Under  the  influence  of  heat,  the  "  acicular  oxylepiden  ''  is  converted 
into  "tabular  oxylepiden,"  of  which  the  greater  part  is  decomposed, 
yielding  *'  isolepiden,"  CrHaoO,  but  a  small  quantity  is  carried  over 
unchanged,  and  is  converted  into  oxylepidenic  acid  in  the  subsequent 
treatment  with  caustic  potash. 

A  small  weighed  quantity  of  '*  acicular  oxylepiden  "  was  then  intro- 
duced into  a  tubulated  distilling  flask,  the  flask  was  exhausted  with 
the  Sprengel  mercury  pump,  and  then  heated  in  a  bath  of  powdered 
graphite.  We  were  astonished  to  find,  however,  that  under  these 
circumstances  no  gas  was  evolved.  A  substance  distilled  and  solidi- 
fied in  the  upper  part  of  the  flask.  After  recrystallising  this  from 
alcohol,  it  melted  at  210°,  and  gave  with  ooncentrated  sulphuric  add 
the  colour  reaction  of  "  acicular  oxylepiden.'*  This  substance,  there- 
fore, provided  local  superheating  is  avoided,  distils  in  the  Sprengel 
vacuum  unchanged,  and  is  not  even  transformed  into  the  tabular 
modification. 

We  therefore  repeated  the  experiment,  inserting  through  the  india- 
rubber  stopper  of  the  distilling  flask  the  neck  of  a  bulb  containing 
sodium  bicarbonate.  The  tubulure  of  the  flask  was  connected  with 
the  pump  as  before.  After  exhausting  the  air,  the  bicarbonate  was 
gently  heated,  and  as  soon  as  the  mercury  in  the  fall-tube  of  the 
pump  showed  that  atmospheric  pressure  had  been  re-established 
inside  the  flask,  heat  was  applied  to  the  graphite  bath.  This  time 
gas  was  readily  given  off  from  the  substance  and  was  collected  over 
caustic  potash  at  the  bottom  of  the  fall-tube.  When  the  evolution 
had  ceased,  the  remainder  of  the  gas  in  the  apparatus  was  pumpod 
out.  ^ 

acid  at  196°.  Onr  specimens,  both  of  this  aoid  and  of  the  "  isoxylepidenio'*  add, 
although  beautifully  oiystallieed,  were  oolonred  and  etidently  not  quite  pufe.  A 
further  recrystalUBation  of  the  oxylepidenic  add  from  bensene  ndaed  the  melting 
point  to  180° ;  but  here  we  were  obliged  to  Btop  for  want  of  substance ;  and  for  the 
same  reason  we  were  imable  further  to  purify  the  "  isozylepidenie "  arid.  The 
melting  point  of  the  substance  is  greatly  lowered  by  a  rery  sli^t  trace  of  impurity. 
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Tbe  same  method  was  employed,  as  already  mentioned,  in  the 
experiment  with  dibenzoylcinnamene.  It  has,  of  conrse,  the  dis- 
advantage that  if  carbon  dioxide  were  given  off  in  the  reaction  it 
would  be  overlooked.  We  convinced  ourselves,  however,  by  a  sepa- 
rate experiment  in  the  case  of  dibenzoylcinnamene,  that,  with  this 
substance  at  least,  only  the  merest  trace  of  carbon  dioxide  is  formed. 

In  the  present  experiment,  0'2650  gram  of  dibenzoylcinnamene 
yielded  14' 72  c.c.  of  gas  at  0®  and  760  mm.  (The  reaction  C»HmOs 
=  CtHjoO  +  CO  requires  16'30  c.c.)  Fuming  sulphuric  acid 
absorbed  2*4  per  cent.,  and  the  remainder  gave,  on  analysis,  figures 
which  showed  that  it  consisted  of  nearly  pure  carbon  monoxide  : — 

Vol.  at 
(f  and  760  mm. 

Gas  taken  (after  treatment  with  HsSsO?)  ....  7'85  c.c. 

After  adding  O  2648    „^^,g^ 

After  explosion 2261    „  ^ 

After  absorption  with  KOU 15*14    „ 

O.        ContTaction.         GOj. 

Required  for  1  vol.  CO OS  0*6  I'O 

Found 0-54  0-53  102 

Beductton  of  "  Isolepiden,** — The  substance  was  reduced  in  boiling 
amyl-alcoholic  solution  with  excess  of  sodium,  and  the  product  was 
distilled  under  a  pressure  of  30  mm.,  in  the  hope  of  obtaining  a  hydro- 
carbon CS7H22,  which  would  be  the  phenyl-derivative  of  the  hydro- 
carbon C21H18  already  described ;  but  the  only  substance  formed  was 
Zinin's  tetrahydro'*' isolepiden  "  (m.  p.  132^*). 

Action  of  Ammonia  and  Amines  on  afi-Bihenzoylcinnam^ene  and 
Triphenylcrotolactone. 

DibenBoylcinnamene  is  dissolved  in  hot  alcohol  and  an  excess  of 
strong  alcoholic  ammonia  is  added  to  the  hot  solution.  On  standing, 
the  liquid  deposits  well-shaped,  colourless,  rhombic  crystals,  tabular 
in  habit,  often  forming  thin  plates.  It  melts  at  about  180^,  but 
solidifies  again  almost  immediately,  and  then  does  not  melt  again 
until  the  temperature  has  been  raised  to  about  220°.  This  solidifica- 
tion corresponds  with  the  conversion  of  the  compound  into  an 
isomeride  of  higher  melting  point  (9.  infra). 

The  quantity  of  pure  substance  which  had  separated  from  the  fore- 
going ammoniacal  solution  after  standing  over  night  was  between  70 
and  80  per  cent,  of  the  weight  of  dibenzoylcinnamene  employed.  An 
impure  product  was  obtained  from  the  mother  liquor. 

Analysis  of  the  substance,  dried  at  ordinary  temperature,  led  to  the 
formula  CtfinNO. 
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SubBtanoe.  CO,.  H,0. 

I 0-2171        0*6780        01144 

II 01979        0-6182        01068 

Substance.  «.  t.  p. 

TTT   A.iiAi    fdrvN  +  NO      902  c.c.        19**        376mm. 
III.  01101   1^^ ^.^2    „  19         360    „ 

TV   01754   /dryN  +  NO    13-6      „  20  403     „ 

iv.ui/o^   I   „   N 13-6     „         20-6      390    „ 

Calculated  for  FonncL 

CbH,7N0. 


r 


II.  III.         IV. 


Ca  264      84-89  85-17      85-19       —         — 

H„ 17        5-47  5-86        594       —         — 

N 14        4-50  —  —        4-65       4*69 


^• 


16        614 


311    100-00 


The  oompound  is  formed  from  dibenzoylcinnamene  according  to  the 
equation 

CnHieO,  +  NH,  =  CttHnNO  +  HaO. 

We  have  not  yet  been  able  to  ascertain  its  constitution,  and  propose 
provisionally  to  name  it  dtbenzoylcinnamenimide. 

The  molecular  weight  was  determiued  by  Baoult's  method,  using  as 
a  solvent  glacial  acetic  acid,  in  which  the  substance  is  soluble  in  the 
cold  without  decomposition,  althongh  on  heating  with  this  solvent  it 
undergoes  a  change  (see  following  paragraph)  : — 

Mol.  wt. 


Wt.  Bubst.  X  100  Calc.  for 

Wt.  8ub8t.  Wt  boIt.  Wt.  soW.       'DepreMion.   Found.  CuHirNO. 

I  . .     0-322      13-888  2*318  0-27°  335        311 

II..     0-724      16-297  4-733  0-48  384 

III..     0-4484    21-230  2112  0-253  326 

(Molecular  depreeBion  of  aoetio  acid  »  39.) 

It  is  chiefly  remarkable  for  the  ease  with  which  it  is  converted  into 
an  isomeric  compound  melting  at  221''.  This  new  compound  is,  as 
we  shall  show  presently,  a  triphenylpyrrholone.  The  change  takes 
place,  as  already  mentioned,  on  heating  the  substance  to  its  melting 
point ;  further,  on  boiling  it  with  acetic  acid,  or  aoetio  anhydride,  or 
a  mixture  of  equal  volumes  of  sulphuric  acid  and  water,  or  on  heating 
it  with  an  alcoholic  solution  of  phenyl  hydrazine  at  100**.  Boiling 
with  alcohol  also  effects  the  change,  although  the  substance  may  be 
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recrjstallised  from  alcohol,  provided  that  too  protracted  boiling  is 
avoided. 

From  the  foregoing  it  is  evident  that  only  those  reactions  which  do 
not  involve  heating  or  rise  of  temperatnre  can  be  trusted  to  throw 
light  on  the  constitution  of  this  compound,  as  otherwise  the  com- 
pounds  obtained  may  be  merely  derivatives  of  triphenylpyrrholone. 
Thus,  in  reducing  the  compound  in  boiling  alcoholio  solution  with 
metallic  sodium,  we  obtained  triphenylpyrrholidone,  the  dihydro- 
derivative  of  triphenylpyrrholone. 

Action  of  Bromine  on  Bihentoylcinnamenimide, — The  compound  was 
dissolved  in  chloroform,  and  a  solution  of  bromine  iu  the  same 
menstruum  was  added.  A  yellow  precipitate  speedily  separated, 
which  was  thoroughly  washed  with  chloroform.  It  formed  minute, 
yellow  needles  melting  with  strong  decomposition  at  199**.  For 
analysis  it  was  dried,  first  by  brief  exposure  to  the  air,  to  get  rid  of 
the  chloroform,  and  then  over  sulphuric  acid.  In  the  carbon  and 
hydrogen  determinations  of  this  compound,  as  of  the  other  bromine 
compounds  mentioned  in  this  paper,  a  silver  spiral  was  employed  to 
absorb  the  bromine. 

Analysis  agreed  with  the  formula  GnHnNOBri,  showing  that  an 
additive  compound  had  been  formed : — 

Sabstanoe.  CO^  HsO. 

1 0-2386  0-4879  0-0870 

11 0-2732  0-6573  0  0942 

III.  0-2690  gram  gave  0*2125  gram  AgBr  (Carius). 

Calculated  for  Found. 

CmHuNOBf^ 

f ' s 


I.  II.  III. 


Ca 264  56-05  5576  55-63  — 

H„ 17  3-61              4-05  3-83  — 

N 14  2-97               _             _  _ 

0 16  8-40               _             —  _ 

Br, 160  33-97               —  —  83-61 


471     100-00 

Action  of  Alcoholic  Potash  on  BihenzoyUinnamenimide  JDihromide. — 
Alcoholic  potash  readily  dissolves  the  dibromide  on  boiling,  the 
yellow  colour  of  the  compound  disappearing  before  it  goes  into 
solution.  On  adding  water,  a  substance  was  precipitated  which, 
after  recrystallisation  from  alcohol,  melted  at  221^,  and  had  all  the 
properties  of  triphenylpyrrholone.  The  identity  was  further  con- 
firmed by  analysis :  Calculated  for  C^HnNO,  C,  84-89,  H,  547 ; 
found,  C,  84-76,  H,  5-70. 
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The  alcoholic  potash  had  therefore  removed  bromiDeand  converted 
the  resulting  dibenzoylcinnamenimide  into  triphenylpyirholone. 

Action  of  Heat  on  Dibenzoylcinnamenimide:  Formation  of  TriphenyU 
pyn'holone, — A  quantity  of  dibenzoylcinnamenimide  was  heated  in  a 
test-tnbe  until  it  melted,  re-solidified,  and  again  melted  at  a  higher 
temperature.  In  order  to  disintegrate  it,  it  was  poured,  while  still 
liquid,  into  a  flask  of  alcohol,  with  which  it  was  then  boiled.  The  solu- 
tion, which  was  filtered  hot,  deposited,  on  cooling,  slender,  white  needles 
melting  at  221°.  The  new  compound  is  sparingly  soluble  even  in 
boiling  alcohol,  more  readily  soluble  in  boiling  amyl  alcohol  or  glacial 
acetic  acid.  By  spontaneous  evaporation  of  its  ethereal  solution,  it 
was  obtained  in  slender,  triclinic  prisms.  Analysis  showed  that  it 
had  the  same  composition  as  dibenzoylcinnamenimide. 

Substauoe.  CO9.  H]0. 

1 0-2560  07966  0-1284 

n 0-2946  0-9170  01435 


Sabfltance.  «.  i,  p. 

ni.  01240  (^^^^  + 

NO    902    „  22  876 


NO    902  CO.  22**  416  mm, 

902    „  22  406    „ 


IV.  0-1097 


fdryN  + 
I   „   N... 


902    „  22-5        857 


Calculated  far  Found. 

CnHiyNO. 


I.  II.  III.         IV. 


r " \ 

C„    264      84-89  8486  8489  —  — 

H„ 17        6-47  5-67  5-41  —  — 

N 14        4-50  —  —  4-56  460 

0 16        514  _  _  _  _ 


311     10000 

This  compound  is  in  reality  derived  from  triphenylcrotolactone,  as 
the  following  experiment  shows : — Equal  weights  of  dibenzoyl- 
cinnamene  and  triphenylcrotolactone  were  heated  with  the  same 
volume  of  alcoholic  ammonia  in  sealed  tubes  for  10  minutes  at  100*, 
after  which  the  tubes  were  quickly  cooled.  The  dibenzoylcinnamene 
yielded  only  dibenzoylcinnamenimide  ;  the  triphenylcrotolactone  was 
totally  converted  into  the  foregoing  compound  CnHnNO  melting  at 
221°,  which  is  therefore  formed  according  to  the  equation, 

(CAW— CH        .  „„  _  (0^,),0— OH 


Y 


Yh 
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and  wonld  receive  the  name  triphenylpyrrholone,  or,  more  precisely, 
S-diphenyUb'phenylpyrrhoUme. 

The  identity  of  the  triphenylpyrrholone  tlius  obtained  was  con- 
firmed by  analysis:  Calcnlated  for  CaH„NO,  C,  8489,  H,  547, 
N,  4-50;  found,  C,  8480,  H,  6-57,  N,  464  percent. 

The  following  experiment  was  made  in  order  to  ascertain  whether  the 
transformation  of  dibenzoylcinnamenimide  into  triphenylpyrrholone 
was  attended  by  any  change  of  weigbt : — 2*830  grams  of  dibenzoyl- 
cinnamenide  were  heated  at  240*",  in  a  test-tube  placed  in  a  sulphuric 
acid  bath,  until  the  whole  substance  had  melted  to  a  clear  liquid. 
Loss :  0'0120  gram  (about  0'5  per  cent.). 

Triphenylpyrrholone  does  not  react  with  acetic  anhydride  at  140®, 
or  with  phenylhydrazine  in  alcoholic  solution  at  ]  00®.  With  bromine 
in  chloroform  solution  it  appears  to  form  a  very  unstable  additive 
compound  wbich  parts  with  its  bromine  on  the  evaporation  of  the 
solution  at  ordinary  temperatures,  leaving  only  the  original  substance 
in  an  impure  state. 

Molecular  Weight  of  Ttip'henylpyrrholone. — The  molecular  weight 
was  determined  by  Baoult's  method,  using  acetic  acid  as  a 
solvent: — 

Mol.  wt. 


Wt.  rabBt.  X  100 

Calo.  for  ^ 

Wt.  miha.. 

Wt.  m>1t.         Wt.  sqIt.       '  Depremion.    Found. 

OaH„NO. 

I.    01932 

27-173         0  711             0087°       819 

311 

n.    0-3690 

23190          1-591              0194         320 
(Molecnlw  depresnon  of  aoetie  aoid  >>  89.) 

311 

These  results  leave  no  doubt  that  triphenylpyrrholone,  like  di- 
benzoylcinnamenimide, has  the  simple  molecular  weight. 

deduction  of  Triphenylpyrrholone. — 7*5  grams  of  the  compound 
were  dissolved  in  boiling  amyl  alcohol,  and  reduced  with  4  grams  of 
sodium.  After  shaking  the  amyl  alcohol  with  water  to  remove  the 
alkali,  the  reduction-product  separated  in  crystals,  and  after  re- 
crystallisation  from  boiling  alcohol,  was  obtained  in  a  state  of  purity. 
It  formed  slender,  colourless  needles  melting  constantly  at  201®. 
Analysis  showed  that  it  had  the  formula  C23H19NO  : — 

Substance.  OO3.  H^. 

1 0-2272  0-7014  01252 

II 0-2001  0-6191  01097 


Substance.  «.  t  p. 

IIL...      01717 


f  dry  N  +  NO     135  o.c.        215®       389  mm. 
I    „   N 13-5  „  22  375    „ 


3  A  2 
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Calculated  for 
CaH„NO. 

Foiuid* 

< 

i. 
8419 

n. 

84-38 

III! 

Gjs  • .  • . 

..      264 

84-35 

H|,. . . . 

..       19 

607 

612 

6-09 

— 

N 

0 

. .       14 
..       16 

4-47 
611 

— 

— 

4-59 

313  10000 

The  compound  is  therefore  formed  from  triphenylpjrrholoDe  by 
the  addition  of  two  atoms  of  hydrogen.  It  would  thus  be  a  iripKenyl^ 
pyrrhoUdone — S-diphenyUb-phsnylpyrrhoUdone ;— 

CO    CH-CeH/ 


An  attempt  was  made  to  prepare  it  by  heating  triphenylbntyro- 
lactone  with  alcoholic  ammonia;  but,  as  already  mentioned,  no 
reaction  took  place  even  at  a  temperature  of  150 — 160°. 

The  molecular  weight  was  determined  by  Baoult's  method,  in 
acetic  acid  solution : — 


Mol.  wt. 


Wt.  gqbgt.  X  ino  Calc.  for 

Wt.  subst.     Wt.  Bolr.          Wt.  boW.     •  Depreasion.   Found.  GsHisNO. 

0-264        18-882            1-398            0-178°        306  313 
(Molecular  depression  of  aoetic  acid  «-  89.) 

Triphenylpyrrholidone  was  heated  with  acetic  anhydride  for  one 
hour  at  150** ;  but,  altbough  some  action  had  taken  place,  we  did  not 
succeed  in  obtaining  a  pure  product.  However,  by  heating  the  com- 
pound with  acetic  anhydride  and  fused  potassium  acetate  (1  part  of 
triphenylpyrrholidone,  1  part  of  fused  acetate,  and  4  parts  of  acetic 
anhydride)  for  two  hours  at  180**,  an  acetyl-deriyative  was  prepared. 
There  is  considerable  pressure  in  the  tube  on  opening.  The  com- 
pound was  precipitated  with  water  and  recrystallised  from  light 
petroleum,  in  which  it  is  readily  soluble.  It  was  deposited  in  well- 
formed  crystals,  embedded  in  a  little  oily  matter,  from  which  thej 
were  separated  by  recrystallisation  from  the  same  solvent;  they 
were  then  colourless,  and  melted  at  lOd"*.  From  a  concentrated 
solution  it  separates  in  nodules. 

Analysis  showed  that  a  monacetyl-derivative  had  been  formed  : — 

Substance.  00^.  H,0. 

1 0-2192  0-6526  0-1186 

II 0-2090  0-6244  0-1149 
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Gftlculated  for  Tound. 


i:        1? 


Cu   288  81-13  8119  81-47 

Hti 21  5-92  6-01  610 

N 14  3-94  —  — 

0, 32  901  —  — 


356  100-00 

The  compound  has  the  consfcitution 

CO    CH'CsHj. 
N-C,H,0 

Action  of  MethylanUne  on  aP-Dibonzoj/ldnnamene, — ^Dibenzoylcin- 
namene  was  dissolved  in  alcohol,  and  an  alcoholic  solution  of  methyl- 
amine  was  added  to  the  hot  solution.  The  liquid,  on  cooling, 
deposited  lustrous,  colourless,  triclinic  prisms,  melting  at  143^, 
whilst  a  further  small  quantity  was  obtained  on  concentrating  the 
mother  liquor.  Analysis  showed  that  the  compound  had  the  formula 
CjbHwNO  :— 


ni 


Sabctance. 

CO^ 

H,0. 

L. 

0-2154 

0-6680 

01162 

II.. 

0-2646 

0-8223 

0-1424 

SnbstMioe. 

•• 

f. 

P- 

I.... 

Olfifil     / 

dty  N  +  NO 

9-02  CO. 

16° 

623  mm. 

I 

,,  N 

902  ce. 

17 

613    „ 

CUoolstedfor 

Fonnd. 

84-57 

> 

II 

IIL 

c,.. 

•  •  •  • 

276 

84-92 

84-75 

H,... 

•  •  •  • 

19 

6-85 

6-99 

5-97 

— 

N  .. 

•  •  •  • 

14 

4-31 

— 

— 

4-38 

0  .. 

•  •  •  • 

16 

4-92 

— 

— 

— 

326  10000 

The  compound  is  formed  according  to  the  equation 

CH,A  +  NHa'CH,  =  CJEuNO  +  HjO. 

The  yield  was  96  per  cent,  of  the  theory. 
This  compound  is  also  formed  by  the  abstraction  of  a  molecule 
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of  water  from  the  methylamide  of   diphenylbenzoylpropionio  acid 
(v.  infra).    It  is  therefore  l-methyl-S'dd^phenyUb-phenyl^fnfrrholonej 

(C.H5),C— CH 

00   C'CJEU 

N-CH, 

As  this  would  make  the  compound  an  analogue  of  triphenyU 
pyrrholone,  which  is  formed  from  dibenzoylcinnamenimide  under  the 
influence  of  heat,  we  thought  that  it  might  have  been  formed  by  the 
transformation  of  a  methyl  analogue  of  dibenzoylcinnamenimide,  and 
endeavoured  to  obtain  this  compound  by  conducting  the  reaction  at  a 
lower  temperature.  A  very  dilute  solution  of  dibenzoylcinnamene  was 
cooled  to  40"*  (below  this  temperatare  the  substance  separated)  and 
an  excess  of  an  alcoholic  solution  of  methylamine  was  added.  After 
standing  for  ttbout  a  week,  crystals  began  to  be  deposited ;  after 
another  week,  the  quantity  did  not  appear  to  increase.  The  crystals 
were  examined  crystallographically  by  Mr.  Tutton,  who  found  that 
they  were  of  two  kinds  :  (1)  in  small  quantity,  large  crystals  of  the 
foregoing  triclinic  methyltriphenylpyrrholone ;  and  (2),  as  chief 
product,  colourless,  tabular,  rhombohedral-hexagonal  crystals.  Deter- 
minations of  the  melting  points  of  the  two  kinds,  made  simultane- 
ously with  the  same  thermometer,  showed  that  the  rhombohedral- 
hexagonal  form  melted  sharply  at  138°,  the  triclinic  form  less  sharply 
at  141— 142^ 

We,  at  first,  thought  that  this  rhombohedral-hexagonal  form  was 
the  expected  analogue  of  dibenzoylcinnamenimide,  and  that  in  the 
first  reaction  it  had  been  changed  at  the  temperature  of  the  reaction 
into  methyltriphenylpyrrholone;  but  the  following  experiment 
showed  tbat  this  view  was  untenable. 

Triclinic  triphenylpyrrholone  was  distilled  under  a  pressure  of 
30  mm.  without  showing  the  slightest  decomposition.*  The  distil- 
late was  recrystallised  from  alcohol.  The  crystals  melted  at  ^28^  and 
showed,  according  to  Mr.  Tutton,  the  optical  properties  of  the 
rhombohedral-hexagonal  substance.  It  was,  therefore,  highly  improb- 
able that  a  compound  which  had  thus  been  formed  from  tbe  triclinic 
substance  at  the  high  temperatare  of  the  distillation  could  have  been 
conyerted  into  the  same  triclinic  substance  at  the  temperature  of 
boiling  alcohol. 

Analysis  showed  that  the  rhombohedral-hexagonal  compound  had, 

*  The  boiling  point  was  not  obserred,  as  the  end  of  the  merourial  thread  was 
concealed  by  tbe  cork,  and  we  did  not  think  it  necessary  on  this  account  to  repeat 
the  experiment,  which  was  made  with  the  totally  diiferent  object  of  ascertauiing 
'wlsether  the  substance  would  be  changed  into  another  modiOcation. 
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like  tbe  triclinic  compound,  the  formula  GaHisNO.  Calculated, 
C,  84-92,  H,  5-85,  N,  4-31 ;  found,  C,  8460,  H,  586,  N,  4- 15. 

We  regard  these  two  substances  as  dimorphic  modifications  of  the 
same  compound.  Thus,  they  both  yield  with  bromine  at  ordinary 
temperatures  the  same  monobromo-deriyative  (v,  infra).  Further- 
more, in  the  case  of  the  corresponding  ethyltriphenylpyrrholone,  we 
have  obtained  two  similar  modifications  which  we  have  succeeded  in 
changing  backwards  and  forwards,  the  one  into  the  other,  under  cir- 
cumstances which  exclude  the  possibility  of  isomeric  change  in  two 
opposite  directions. 

Tne  molecular  weight  of  the  two  crystalline  modifications  of 
methyltriphenylpyrrholone  was  determined  by  Baoult's  method. 
Different  solvents  were  employed : — 

a.  In  Acetic  Acid  Solution, 

Mol.  wt. 


Wt.  subrt.  X  100 

...  _       _, 
Calc.  for 

Wt.«ub8t. 

WtBOlT. 

WUsoIt.       -  DepreaMOD.  Found. 

CaH„NO. 

I.. 

0-367 

20-0 

1-786              0-21°        331 

326 

II.. 

0-4835 

17-739 

2-725              0-81         343 

>» 

III.. 

0-2696 

16-787 

1-605              0-20         813 

yy 

(Molecular  deprenion  of  acetic  acid  «■  89.) 

5.  In  Benzene  Solution. 

IV..     0-2166      24-728  08719  0147       291 

v..     0-3878      20-646  1-878  0-303       304 

(Molecular  depresaion  of  beniene  ^  49.) 

c.  In  Nitrobenzene  Solution, 

VI..     0-6330      25-415  2-490  0593       307 

(Molecular  depreBsion  of  nitrobenzene  «  73.) 

Determination  I  was  made  with  the  triclinic,  the  remainder  with 
the  rhombohedral-hezagonal  modification. 

Methyltriphenylphyrrholone  is  unacted  on  by  acetic  anhydride  at 
160',  or  by  phenylhydrasine  at  150°. 

Action  of  Bromine  on  Methyltriphenylpyrrholone. — When  a  solution 
of  bromine  in  chloroform  was  added  to  a  chloroform  solution  of 
triclinic  methyltriphenylpyrrholone,  the  colour  of  the  bromine  disap- 
peared until  nearly  one  molecular  proportion  of  bromine  had  been 
added.  The  solution  was  allowed  to  evaporate  to  dryness  in  a  vacuum- 
desiccator  over  soda- lime  and  solid  paraffin.  A  hard,  crystalline  mnss 
remained,  which  was  dissolved  in  carbon  bisulphide ;    it  separated 
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from  the  solution,  on  spontaneous  evaporation,  in  large,  Instrona, 
yellow,  monoolinic  prisms,  some  of  which  were  as  mach  as  an  inch 
long  and  one-third  of  an  inch  thick,  melting  constantly  at  150°. 
Beery stallisation  from  alcohol  removed  the  yellow  colour,  and  the 
substanoe  was  deposited  from  this  solvent  in  acicular  prisms,  very 
much  striated,  also  melting  at  153^.  The  yield  is  very  good: 
10  grams  of  methyltriphenylpyrrholone  gave  11  grams  of  pure 
recrystallised  substance. 

Analysis     showed     that     a    monobromoHSubstitution    compound, 
CnHiaBrNO,  had  been  formed  : — 

Substance.  GO^  H,0. 

I 0-2240  0-6599  00946 

II 0-2401  0-6974  00995 

TIL  0-2899  gram  gave  0-1366  gram  AgBr  (Ctrius). 
IV.  0-3961  „         0-1857 


Oalculated  for 

Fount 

1. 

Cj,H„BrNO. 

( 

iV. 

r                              ^ 

I. 

II. 

HI. 

c„.... 

276         68-32 

68-17 

67-85 

— 

— 

H,,.... 

18           4-46 

4-69 

4-60 

— 

— 

Br.... 

80          19-80 

— 

— 

2004 

19-94 

N 

14           3-46 

— 

— 

— 

— 

0 

16           3-96 

"~" 

" 

~~~ 

— 

404        100-00 

The  same  experiment  was  then  made  with  rhombohedral-hexagonal 
methyltriphenylpyrrholone.  The  bromine-derivative  obtained  was 
absolutely  identical  in  appearance  and  melting  point  with  the  fore- 
going. The  identity  was  completely  established  by  a  crystallo* 
graphical  comparison  of  the  crystals  from  the  two  sources  by 
Mr.  TuttoD. 

Methyltriphenylmonobromopyrrholone  underwent  no  change  when 
heated  with  alcoholic  potash  or  alcoholic  ammonia  for  one  hour  at 
150— 160^ 

R^iduciion  of  MelhyltHphenylpyrrholovi.e. — 3'2  grams  of  methyltri- 
phenylpyrrholone were  reduced  in  boiling  amyl-alcoholic  solution 
with  1-4  gram  of  metallic  sodium.  The  resulting  solution  was 
diluted  with  ether,  shaken  with  water,  separated,  and  distilled  until 
all  the  ether  and  a  considerable  quantity  of  the  amyl  alcohol  had 
passed  over.  The  new  compound  separated  in  slender  colourless 
needles,  which  were  recrystallised  from  alcohol.  They  now  melted 
constantly  at  153-o''. 
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AnalyBis  showed  that  a  dihydro-derivative  had  been  formed : — 


III. 


Sobrtanoe. 

1 01982 

II 0-2288 

Bubetenoe. 
...     0-14^4    {^J  +  f^° 

Calculated  for 
CaH„NO. 

Cm 276          84-41 

H« 21            6-42 

N 14           4-28 

0   16           4-89 

CO.. 
0-6115 
0-7072 

«. 
9-02  O.C. 
9-02   „ 

H,0. 
01180 
0-1384 

t. 
24-5"" 
24-5 

Found. 

P- 
454  mn 

419    ,. 

8414 
6-61 

II. 

84-29 
6-72 

Ill 
419 

327        10000 

The  componnd  is  l-methyl'S-dipJienyl'S^henylpyrrholidoney 

(aH,),C— <5H,        . 
CO    CflC^H, 

N-CH, 

The  molecular  weight  was  determined  by  Raonlt's  method,  nsing 
acetic  acid  as  a  solvent : — 

WtBubflt.  X  100  Oalc.  for 

Wt.  8ub«t.    Wt.  iolT.  Wt.  8o1t.       •   Deprenion.    Found.   CjjHnNO- 

I..     0-366        21-02  1-741  0-205*        331        327 

n..     0-725        26-247  2871  0*33  339 

(Molecular  depreieion  of  acetic  acid  »  89.) 

Oxidation  of  Methyltriphenylpyrrholone, — Ten  grams  of  methyltri- 
phenylpyrrholone  were  dissolved  in  warm  acetic  acid,  and  a  saturated 
aqneoos  solution  of  20  grams  of  chromium  trioxide  was  gradually 
added.  The  temperature  rose  to  the  boiling  point  of  the  mixture, 
and  a  precipitate  which  was  at  first  formed  disappeared  after  all 
the  chromium  trioxide  had  been  added.  On  adding  water  a  yellowish 
oil  was  precipitated,  which  was  extracted  with  ether.  The  ethereal 
solution  was  shaken  with  sodium  carbonate  solution,  which  removed 
some  benzoic  acid.  After  evaporating  off  the  ether,  an  oil  was  left, 
which  began  to  solidify.  It  was  heated  with  acetic  acid,  but  so  as 
to  leave  a  portion  of  the  crystals  undissolved ;  on  standing,  a  crystal- 
line substance  was  deposited.     This  was  reorystallised  from  dilute 
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alcohol,  from  which  it  separated  in  small,  colourless,  six-sided  plates, 
melting  without  decomposition  at  167**. 
Analysis  gave  figures  agreeing  with  the  formula  GssHmNOi  : — 


III. 


Substance, 

CO^ 

HjO. 

I 

>  •  •  • 

0-2386 

0-6746 

0-1171 

II 

... 

0-2517 

0-7101 

0-1233 

SubBtance. 

0. 

t. 

P- 

•  •  • 

0-1788 

1     fdryN+NO 
L   »  PI...... 

Calculated  for 
0^„N0,. 

9-02  C.C. 
9-02  „ 

25-5" 
26-5 

Found. 

552  mm. 
491    „ 

r~ 

11. 

Ili. 

Ca. 

276 

77-31 

7710 

76-94 



H... 

19 

6-32 

5-45 

5-44 



N  . 

'••••• 

14 

3-92 

— 

— 

3-98* 

0,. 

>••••• 

48 
357 

13-45 

~ 

— 

100-00 

This  compound  is  to  be  further  studied. 

Action  of  Methylamine  on  Triphenylcrotolactone. — ^A  strong  alcoholic 
solution  of  methylamine  dissolved  triphenylcrotolactone  with  rise  of 
temperature.  In  order  to  finish  the  reaction,  the  mixture  was  heated 
for  half-an-hour  at  100*',  after  which  it  was  poured  into  water. 
Some  diflBculty  was  experienced  in  purifying  the  precipitated 
substauce;  but  recrystallisation  from  ether  was  found  to  give  the 
best  results,  and  by  this  means  it  was  ultimately  obtained  in  small, 
colourless  plates  melting  constantly  at  156**. 

Analysis  gave  numbers  pointing  to  a  compound  CaHaiNOj,  formed 
by  the  direct  union  of  triphenylcrotolactone  and  methylamine.  The 
percentage  of  carbon  found  is  somewhat  too  high ;  but  the  behaviour 
of  the  compound  on  heating  (y.  infra)  leaves  no  doubt  as  to  its  com- 
position and  nature : — 

Subfltftnce.  CO^  H,0. 

1 0-2796  0-8278  01581 

II 0-2244  0-6673  0*1284 

Substance.  «.  i,  p. 

TTT            A.ifior;     fdryN  +  NO    902  c.c.        20**        611mm. 
III....     01635     I     y     ^.^2   „  20         465    „ 


*  Determined  by  Dr.  Tingle. 
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Calculated  for 
CaH„NO,. 

Co 276         80-47 

Found. 

i. 
8074 

n. 

8110 

Ill) 

H„ 21 

612 

6-28 

6-35 

— 

N 14 

4-08 

— 

— 

4.14* 

0, 32 

9-33 

^- 

— 

— 

703 


343        100-00 


CO-NH-CH,  CO-C 


TKe  componnd  is  the  Tnethylamide  of  diphenylbenzoylproptomc 
dcidy 

(C»H,),C- 

When  it  is  heated  in  diphenylamine  Taponr  it  gives  ofF  ga8(aqneon8 
vapour),  and  is  converted  into  methyltriphenylpyirholone.  The  pro- 
duct, softer  recrystallising  twice  from  alcohol,  melted  at  138°,  and  gave 
on  analysis  C,  8434,  H,  582.  Calculated  for  CfflH„NO :  C,  8492, 
H,  5*85  per  cent.  The  modification  was  the  triclinic,  although  the 
melting  point  is  that  of  the  rhombohedral-hexagonal  variety  ;  possibly 
the  lowering  of  the  melting  point  by  5**  was  due  to  imperfect  purifica- 
tion. 

Action  of  Ethylamine  on  dtfi-Dibenzoylcinnamene. — A  hot  saturated 
alcoholic  solution  of  dibenzoylcinnamene  was  mixed  with  an  alcoholic 
bolution  of  ethylamine.  On  cooling,  well-shaped  triclinic  prisms, 
isomorphous  or  morphotropic  with  triclinic  methyltriphenyl- 
pyrrholone,  were  deposited.  They  had  a  faint  yellowish  tinge,  which 
the  purified  compound  does  not  display,  and  melted  at  122 — 123°. 
Analysis,  which  was  made  without  further  recrystallising  the  sub- 
stance, so  as  to  avoid  a  possible  change  into  another  modification, 
gave  figures  agreeing  with  the  expected  formula  GuHsiNO  : — 

Substance.  CO,.  HjO. 

1 0-2601  0-8032  01435 


Substance.  «.  t  p. 

II....     01596     JdryN-hNO     9-02  c.c.  20«        508  mm. 

I    „  N 9-02    „  20         457    „ 

Calculated  for  Found. 


r" 


I.  II. 


C« 288  84-96  84-21  — 

H21 21  619  613  — 

N 14  4-13  —  4-20 

0 86  4-72  —  — 


339        100-00 
•  Detennined  by  Dr.  Tingle. 
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Under  a  pressure  of  38  mm.,  the  substance  boils  at  312 — 314^ 
without  decomposition. 

Another  mode  of  formation  from  the  ethjlamide  of  diphenyl- 
benzoylpropionic  acid,  to  be  described  later,  shows  that  the  compound 
has  the  constitution 

(aH.),C— CJH 

00   OCJI^ 

\/ 

and  is  therefore  an  ethyltriphenylpyrrholone. 

On  repeating  the  experiment  on  the  action  of  ethjlamine  on  di- 
benzojlcinnamene,  but  employing  a  more  dilute  solution  and  a  lower 
temperature,  a  compound  of  the  same  composition  as  the  above,  but 
crystallising  in  monoclinic  prisms  and  melting  at  129^,  was  obtained. 
We  at  first  regarded  this  compound  as  an  isomeride  of  the  triclinio 
compound ;  but  the  following  experiments  show  that  the  two 
substances  are  merely  dimorphic  modifications  of  the  same 
compound : — 

1.  A  quantity  of  the  monoclinic  compound  was  heated  in  dipbenyl- 
amine  vapour  for  15  minutes.  The  solution  in  hot  alcohol  deposited 
tricUnic  crystals. 

2.  The  tridinic  compound  was  heated  in  diphenylamine  vapour 
for  half-an-hour.  On  recrystallisfing  the  product  from  alcohol,  a 
mixture  of  monoclinic  crystals  with  small  crystals  which  appeared  to 
be  unchanged  triclinic  modification  was  obtained. 

The  heating  has  therefore,,  in  all  probability,  nothing  to  do  with 
the  change,  and  the  production  of  the  one  or  the  other  modification 
depends  on  unascertained  conditions  of  concentration  and  tempera- 
ture prevailing  during  the  recrystallisation. 

Of  the  following  determinations  of  the  molecular  weight  by  Raoult's 
method,  employing  acetic  acid  as  a  solvent,  Nos.  I  and  TI  were  made 
with  the  triclinic,  III  and  lY  with  the  monoclinic  variety : — 

Mol.wt. 


Wt.inbBt.xlO0 

Oalcfor 

Wt.  nibrt. 

Wt.  tolr. 

Wt.  aolT. 

Depresdon. 

Found. 

C«H«NO. 

L. 

0-.S413 

1905 

1-791 

0-211' 

331 

339 

II.. 

0-4660 

22-748 

2-044 

0-243 

328 

)l 

III.. 

0-4240 

22-091 

1-919 

0-209 

358 

9} 

IV.. 

0-5280 

21-873 

2-414 

0-266 

354 

f1 

(Moleoular  depression  of  acetic  acid  »  89.) 

These  figores  leave  no  doubt  that  both  varieties  have  the  simple 
molecular  formula. 
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AeUon  of  Bromine  on  EthyUriphenyJ^rrhoUme, — ^The  triclinic 
variety  was  nsed  for  this  reaction,  and  the  operation  was  conducted 
exactly  as  in  the  case  of  the  methyl -compound.  The  bromine- 
denvative  was  recrystallised  from  carbon  bisulphide,  from  which 
solution  it  was  deposited  in  yellow,  monoclinic  prisms,  which  became 
opaque  on  keeping.  For  analysis  it  was  recrystallised  from  alcohol, 
from  which  it  separated  in  coloarless,  thick  needles  melting  at  142^, 
which  was  also  the  melting  point  of  the  yellow  prisms.  It  has  the 
formula  Cji4H«BrN0  :— 

Substance.  CO,.  Hfi. 

I 01920  0-4872  0-0866 

II.  0-2792  gram  gave  0*1252  AgBr  (Carius). 

Calculated  for  Found. 

CttHsoBrNO.  , « . 

, ^ ^  I.              II. 

Cu 288        68-90  6920          — 

Ha 20          4-78  6-01          — 

Br 80        19-14  —          1905 

N 14          3-35  —            — 

O 16          3-83  —           — 

418      10000 

The  compound  is  ethylinphenylmonohromopyrrholone. 
Action  of  Ethylamine  on  Triphenylcrotolactone. — The  two  substances 
were  heated  together  in  alcoholic  solution  in  a  sealed  tube  for  half- 
an-hour  at  100 ''.  On  adding  water,  an  oil  was  precipitated,  which 
was  extracted  with  ether.  By  spontaneous  evaporation,  the  ethereal 
solution  deposited  the  new  compound  in  silky  needles ;  these,  after 
further  recrystallisation  from  ether,  melted  at  128 — 130®.  At  240°,  the 
compound  gives  off  water. 

Analysis  showed  that  it  had  the  formula  GuHn^Oi,  having  been 
formed  by  the  direct  union  of  triphenylcrotolactone  and  ethyl- 
amine : — 

Substaaoe.  00^  H,0. 

I 0-2351     0-6937     0-1336 

II 0-2074     0-6110     0-1191 

Calculated  for  Found. 

C«HaNO^  , ^ , 

/ ^ .  I.                 II. 

Cu 288        80-67  80-47        8034 

Ha 23          6-44  6-31          638 

N 14         8-97  —             — 

0, 32          3-92  —             — 

357       100-00 
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The  compound  is  tho  ethylanUde  of  diphenylbenzaylpropiomc  acid, 

(C6H8)2C CHj 

CONH-CH*  CO-CHa' 

On  heating  it  in  pbenanthrene  Taponr  (340°),  it  gave  off  water. 
The  heating  was  continued  for  15  minutes,  and  the  product  was 
twice  recrystallised  from  alcohol.  The  solution  deposited  triclinic 
crystals  of  ethyl triphenylpyrrholone  melting  at  123®,  which  had  thus 
been  formed  from  the  ethylamide  with  elimination  of  wat^r. 

Action  of  Propylamine  on  Dibenzoylcinnamene. — Propylamine  does 
not  react  with  dibenzoylcinnamene  so  readily  as  methylamine  and 
ethylamine,  so  that  it  was  found  necessary  to  heat  the  two  substances 
together  in  alcoholic  solution  at  100®  in  order  that  the  reaction  might 
take  place.  The  propyUriphenylpyrrholone,  CmHmNO,  is  deposited 
from  its  hot  alcoholic  solution  in  colourless,  rhombic  prisms  melting 
at  104 — 105®.  On  one  occasion,  it  was  obtained  by  spontaneous 
evaporation  in  monoclinic  prisms  melting  at  95 — 98^,  isomorphous 
with  the  monoclinic  form  of  ethyltriphenylpyrrholone ;  but  we  were 
unable  to  prepare  this  modification  a  second  time. 

Analysis  of  the  rhombic  crystals  gave  figures  pointing  to  the 
formula  C26H23NO : — 

Substuice.  OOj.  H,0. 

I 0-2355  0-7282  0-1360 

Substance.  «.  t  p, 

TT   A.1.COQ    /dryN  +  NO    9-02  c.c.        23®  454  mm. 

n.  01528    ^   ^^   ^ ^.^2    „         23-5  436    „ 

Calculated  for  Found. 

C»HaNO.  f ^ ^ 

r- 1  I.             II. 

C« 300        84-99  84-33         — 

H„ 23          6-51  6-41         — 

N 14          3-97  —         3-99 

O    16          4-53  —           — 

353      100-00 

On  one  occasion,  when  a  saturated  alcoholic  solution  of  dibenzoyl- 
cinnamene was  heated  with  excess  of  propylamine  for  half  an  hour 
at  100*^,  the  liquid  deposited,  on  standing,  a  substance  crystallising  in 
minute  needles.  The  mother  liquor,  poured  off  from  these  needles, 
at  once  deposited  crystals  of  rhombic  propyltriphenylpyrrholone. 
The  needles,  after  recrystallisation  from  boiling  alcohol,  in  which 
they  are  only  sparingly  soluble,  were  again  deposited  in  the  same 
acioular  form,  and  melted  constantly  at  197 — 198''.    Thej  give  a  vezy 
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characteristic  reaction  with  concentrated  sulphuric  acid,  dissolving 
with  a  jellowish-green  colour  which  changes  to  brown  and  finally  to 
a  beautiful  red ;  this  reaction  is  best  seen  with  a  small  quantity  of 
the  substance. 

This  compound,  which  does  not  contain  nitrogen,  gave  on  analysis 
figures  agreeing  with  the  formula  CasHieOs : — 

Substance.  COj.  H3O. 

I 01221  0-3795  00598 

n 01004  0-3115  0-0463 

Calculated  for  Found. 

CaHieOj.  f * ^ 

, V  I.                 11. 

Ca 264        84-62  8477        84-61 

Hie 16          5-13  5-44          512 

Oa 32        10-25  —             — 

312      100-00 

It  is,  therefore,  isomeric  with  oi/S-dibenzoylcinnamene.  We  have 
already  mentioned  that  we  regard  it  as  probably  the  analogue  of 
Zinin's  "  octahedral  oxylepiden  "  and  as  the  fumarold  modification  of 
dibenzoylcinnamene.     We  propose  to  name  it  isodibenzoylcinnamene. 

It  was  also  obtained,  along  with  ethyltriphenylpyrrholone,  by 
heating  dibenzoylcinnamene  with  ethylamine  in  alcoholic  solution, 
and  in  very  small  quantity  in  the  preparation  of  triphenylcroto- 
lactone  by  heating  dibenzoylcinnamene  alone  (v.  supra).  In  both 
cases,  it  was  identified  by  its  melting  point,  and  by  the  characteristic 
colour  test  with  sulphuric  acid. 

Action  of  Allylamine  on  Dibenzoylcinnamene, — Dibenzoylcinnamene 
readily  reacts  with  allylamine  when  the  two  substances  are  heated 
together  in  alcoholic  solution  for  a  short  time  at  100°  in  a  sealed  tube, 
yielding  allyltriphenylpyrrholoney  C»HaiNO,  which  crystallises  from 
alcohol  in  monoclinic  prisms  melting  at  110 — 112°  and  closely 
resembling  in  their  crystallographical  characters  the  monoclinic  ethyl 
and  propyl  compounds. 

Substance.  CO].  HjO. 

I 0-2178  0-6802  01183 

II 0-2517  0-7861  01321 

«•  t  p. 

TTT   n.TyriO   /<^^ +  N0    902C.C.  18°         507mm. 

111.01759   I   ^^    j^ ^.^2    „  18  487     „ 
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Calculated  for 

Fonod. 

CjjHjiNO. 

r                  .     .    ^ 

i 

II. 

id. 

Ojs  •  •  •  • 

300       8547 

8517 

8517 

""■ 

Hji  .... 

21          5-98 

603 

605 



N 

14          8-99 

— 

— 

8-95 

0 

16          4-66 

— 

— 

^■~ 

351      10000 


Action  of  Phenylhydrazine  on  Dihenzoylcinnamene. 

This  reaction  was  first  stndied  by  Japp  and  Huntlj  (Trans.,  1888, 
184),  who  obtained  a  compound  of  the  formula  C88H8aN3,*  which  we 
regard  as  an  anilidodtriphenylpyrrhole  (t;.  supra).  As  the  yield  of 
this  compound  is  small,  and  a  large  quantity  of  oily  matter  is  formed 
at  the  same  time,  we  resolved  to  study  the  reaction  more  thoronghly. 

Dibenzoylcinnamene  and  phenylhydrazine,  in  the  proportion  of 
1  mol.  of  the  former  to  2  mols.  of  the  latter,  were  heated  in  alcoholic 
solution  in  sealed  tubes  for  one  hour  at  100^.  Gas  escaped  from  the 
tubes  on  opening,  and  a  quantity  of  the  yellow  insoluble  anilidotri- 
phenylpyrrhole  had  separated.  The  mother  liquor  was  concentrated 
by  boiling,  and  filtered  from  a  further  quantity  of  the  yellow 
compound  which  had  been  formed  during  this  process.  The  concen- 
trated liquor  deposited,  on  cooling,  a  yellow  oil,  which  did  not  solidify 
even  on  long  standing.  The  supernatant  alcoholic  solution  (a)  was 
therefore  poured  off  from  the  oil  (6). 

*  Oonceming  this  compound,  Japp  and  Huntl^  {loo.  cit.)  state :  "  It  melted, 
with  blackening  and  decomposition,  at  281 — 232°."  A  further  examination  has 
shown  us  that  practically  any  melting  point  between  220**  and  255°  can  be  obtained, 
according  as  the  temperature  is  raised  slowly  or  rapidly. 

[While  on  the  subject  of  melting  points,  I  take  the  opportunity  of  oorreoting 
the  melting  points  of  three  compounds  described  in  a  paper,  *'  Action  of  Nitriles  on 
Benzil"  (Japp  and  Tresidder,  Ser,,  16,  2652;  also  Abstr.,  1884,  818).  These 
melting  points  are  all  given  too  low,  and  as  the  fresh  determinations  hare  been 
made  with  the  original  specimens  of  substance,  I  can  only  surmise  that  the  mistake 
was  due  to  an  unnoticed  defect  in  the  thermometer  employed.  This  thermometer 
has,  in  the  meantime,  unfortunately  been  broken. 

The  new  melting  points  are : — 

1.  Compound  C^^tiSiOi  (from  propionitrile  and  benzil)  ;  m.  p.  207*  (instead  of 
197°). 

2.  Compound  C^'BJSfig  (from  bensonitrile  and  benxil :  sol.  alcohol)  ;  m.  p.  176° 
(instead  of  168°). 

8.  Compound  C^'EnT^O^  (from  benxonitrile  and  benzU ;  inaol.  alcohol)  ;  m.  p. 
237°  (instead  of  226°). 

The  regular  increase  in  the  amount  of  error  with  the  rise  in  temperature  suggests 
that  the  thermometer  had  a  conical  bore. — ^F.  B.  J.] 
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The  oil  (&)  was  treated  with  ether,  whicli  dissolved  most  of  it, 
leaving  a  yellow  crystalline  substance.  The  ethereal  extract  left,  on 
spontaneous  evaporation,  more  of  the  crystalline  substance  embedded 
in  oil ;  this  latter  was  again  removed  with  ether,  and  the  ethereal 
solution  of  the  oil  allowed  to  stand,  when  it  yielded  a  further 
quantity  of  the  crystalline  substance.  The  united  crystalline  sub- 
stance was  then  recrystallised,  first,  several  times  from  boiling 
alcohol,  in  which  it  is  only  sparingly  soluble,  afterwards  from  boiling 
glacial  acetic  acid,  in  which  it  dissolves  more  readily.  It  formed 
slender,  yellow  needles  melting  at  173 — 174°. 

Analysis  showed  that  it  had  the  composition  of  a  monohydraaone  of 
dihenzoylcinnameney  CMHieO(N2H*CeH5) : — 


III. 


Substance. 

CO^ 

H^. 

I 

•   •  • 

0-2140 

0-6544 

0-1117 

II 

•   .  • 

01932 

0-5907 

0-0983 

SobstanM 

). 

V, 

*. 

P> 

01433 

{■ 

IryN  +  NO 

13-6  CO. 

22-5° 

528  mm. 

..  N 

13-5   „ 

22-5 

521     „ 

Calculated  for 

Found. 

Cs,H,..N,0. 

t 

1 

II. 

III. 

Cn 

336 

83-56 

83-39 

83-38 

— 

H„ 

22 

6-47 

6-79 

5-65 

— - 

N. 

28 

6-97 

— 

— 

7-54 

0. 



16 

402 

3-98 

~ 

~ 

— 

10000 

The  alcoholic  solution  (a),  poured  off  from  the  yellow  oil,  was 
concentrated,  and  allowed  to  stand  for  some  days.  It  deposited  a 
yellow  crystalline  substance,  which,  after  recrystallfeing  twice  from 
hot  alcohol,  formed  stellate  groups  of  colourless,  slender  needles 
melting  constantly  at  206°. 

Analy^  of  the  compound  dried  at  100^  gave  figures  agreeing  with 
the  formula  CaiHi^Ng : — 


Sub«tanoe. 
L. 0-2254 

0-7005 

H,0. 
01115 

Subct&iic6« 
III....     0-1433     jdryN  +  NO 

V, 

13-5  C.C. 
13-5    „ 

t.          .    p. 
23^        445  mm. 
23         421  .  „ 

TOL.  Lvn. 

- 

3   B 
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Calculated  for  Found. 

CnHieN,.  f * ^ 

, * ,  I.                II. 

Cai 262          85-13  84-75         — 

H,6 16            6-41  5-49         — 

Na 28           9-46  —         9-93 

296        10000 

We  have  aJreadj  given  reasons  for  regarding  this  compound  as 
either  1-3-4-  or  l-Ai-b-triphenylpyrazole  (v.  supra).  Ignoring  inter- 
mediate  stages,  the  reaction  may  be  expressed  hj  the  equation 

CaHieO,  +  CsHs-NH-NHa  =  CaiHuN,  +  CeH^-CHO  +  H,0. 

Action  of  Hydroxylamine  on  Bibenzoylcinnamene. 

Equal  weights  of  dibenzoylcinnamene  and  hjdroxjlamine  hydro- 
chloride were  heated  in  alcoholic  solution  in  a  sealed  tube  at  150°  for 
about  six  hours.  There  was  pressure  in  the  tube,  and  a  gas  was  given 
off  which  burned  with  a  green-edged  flame  (ethyl  chloride).  Water 
precipitated  an  oil,  which  partially  solidified  on  standing ;  this  was 
extracted  with  ether,  which  on  evaporation  left  it  as  an  oil  which 
showed  no  tendency  to  solidify.  It  was,  therefore,  dissolved  in  light 
petroleum  (b.  p.  50 — 60°) ;  the  solution  was  allowed  to  stand  for 
half  an  hour,  so  as  to  deposit  a  dark  oil,  and  then  filtered.  From  the 
filtrate  a  colourless  substance  separated,  which,  however,  was  very 
impure,  and  could  only  be  purified  by  repeated  recrystallisation,  both 
from  light  petroleum  and  from  methyl  alcohol.  It  formed,  colourless 
crystals  melting  at  73 — 75°. 

Analysis  showed  that  it  had  the  formula  CmHuNO  : — 

Sulwtanoe.  CO,.  H,0. 

1 0-2186  0-6610  0-1007 

II 0-2188  0-6625  01003 

Subttanoe.  v.  i.  p, 

III  0-1079     / dry  N  +  NO     902  c.o.         17°         487  mm. 


902  „  17-5       480 

IV....     01383    I^N  +  NO    13-6  „  24         434 

L    n  -" lo'o  „  28*5 

Calculated  for  Found. 

C„H„NO. 


, ,                 £  IL  ilL  l9. 

C„....     180         81-45  81-21  8133  —  — 

H,,....       11           4-98  6-11  605  —  — 

N 14           6-33              —  —  6-28  6-34 

0 16           7-24              —  —  —  — 


221        100-00 
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Tbe  reaction,  the  medLanism  of  wbicli  bas  l>een  discussed  in  the 
introdaction  to  this  paper,  corresponds  with  that  occurring  in  the 
case  of  phenylhydrazine,  and  may  be  expressed  by  the  equation 

CaHieOa  -f  NHj-OH  =  CwHuNO  -h  C.H5-CH0  +  HaO. 

It  might  possibly  be  expected  that  the  benzaldehyde  liberated  in 
this  reaction  wonld  react  with  the  excess  of  hydroxylamine  to  form 
benzaldoxime.  No  benzaldoxime,  however,  conid  be  detected;  but, 
on  the  other  hand,  benzoic  acid  had  been  formed  in  considerable 
quantity.  This  is,  however,  in  harmony  with  what  Beckmann 
(Ber.,  22,  437)  has  observed  concerning  the  behaviour  of  benz- 
aldehyde with  hydroxylamine  hydrochloride  under  conditions 
resembling  those  of  our  experiment.  He  finds  that  they  react 
according  to  the  equation 

CHft-CHO  -f  NH,-OH,HCr=  CeH,-COOH  +  NH*^. 

Action  of  Bromine  on  Dibenzoylcinnamene. 

The  behaviour  of  dibenzoylcinnamene  towards  bromine  was  stndied 
by  Japp  and  Miller  (Trans.,  1885,  36).  They  obtained  an  unstable 
additive  compound,  a  bromine  determination  of  which  gave  figures 
"  somewhat  too  high  for  a  feirabromide.'*  The  compound  was  found 
to  lose  bromine  when  exposed  to  air. 

We  have  re-examined  this  compound  and  find,  as  the  result  of 
complete  analyses  of  different  preparations,  that  it  has  the  empirical 
formula  of  a  pentabromide.  The  rapidity  with  which  the  compound 
loses  bromine  (v.  infra) y  and  the  fact  that  Japp  and  Miller  left  the 
powdered  substance  for  two  honrs  over  sulphuric  acid  before 
analysing  it,  amply  account  for  the  deficit  in  their  bromine  deter- 
mination (62*00  instead  of  56' 18  Br  per  cent.). 

10  grams  of  dibenzoylcinnamene  were  dissolved  in  the  smallest 
possible  quantity  of  dry  chloroform,  10  grams  of  dry  bromine  were 
added,  and  the  flask  was  closed  with  a  perforated  stopper  through 
which  a  sulphuric  acid  tube  passed.  After  standing  for  two  days, 
the  liquid  had  deposited  the  additive  compound  in  large,  ruby-red 
plates.  These  were  washed  with  a  little  chloroform,  dried  by  brief 
exposure  to  the  air  without  powdering,  and  analysed  at  once. 

Subttanoe.  GOj.  H3O. 

1 0-2561  0-3527  00568 

II 0-2299  0-3163  00511 

III.  0-3554  gram  gave  0-4622  gram  AgBr  (Carius). 


3  B  2 
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Calculated  for 
CaH„0„Brs. 

. .     264          3708 

Found. 

A 

c».... 

f. 
37-65 

n. 
37-52 

III 

H...... 

. .       16            2-25 

2-46 

2-47 



0, 

.  .       32            4-49 

— 

— 

-. 

Br, 

. .     400          6618 

" 

" 

55-3 

712        100-00 

Also,  0'&797  ^ram,  weighed  oat  at  the  same  time  as  tbe  foregoiiig, 
lind  exposed  for  six  days  in  a  Yacaiim*de8icoator  oyer  soda*Hme  in 
the  dark,  lost  0*3208  gram,  after  which  the  weight  remained 
•constant.  This  corresponds  with  55'34i  per  cent,  of  bromine, 
ftgreeing  with  the  Carios  determination.  The  residae  had  the 
melting  point  of  dibenzojlcinnamene. 

Another  poi*tion  was  exposed  to  the  air  for  from  five  to  six  hours, 
after  wliich  the  bromine  was  determined  hj  Carios^s  method.  It  was 
^oand  to  have  lost  over  10  per  cent,  of  bromine. 

Boiling  the  penta1[>romide  with  alcohol  instantly  removes  the  whole 
of  the  bromine ;  the  substance  dissolves,  and  the  solution,  on  cooling, 
"deposits  pure  dibenzojlcinnamene. 

On  heating  the  substance  alone  in  a  test-tube,  it  is  decomposed, 
giving  off  bromine  and  hydrobromic  acid.  The  residue,  recrystallised 
from  acetic  acid,  formed  white  needles  melting  at  170^,  which  looked 
homogeneous;  but  the  percentage  of  bromine  (39*93  per  cent.) 
showed  that  the  substance  was  a  mixture.  It  was  not  further 
examined. 

In  spite  of  the  perfectly  definite  and  homogeneous  appearance  of 
'this  "  pentabromide,"  and  in  spite  of  the  fact  that  a  second  prepara- 
tion gave  figures  practically  identical  with  the  foregoing,  we  are 
inclined  to  regard  this  substance  as  an  isomorphous  mixture  of  a 
lawer  and  a  higher  bromide — possibly  of  a  dibrbmide  with  a  hexa- 
bromide — and  to  consider  that  the  approximation  of  the  composition 
to  that  of  a  pentabromide  is  a  mere  coincidence.  Thus  the  chloro- 
form mother  liquors  from  the  "  pentabromide "  deposited  crystals 
absolntely  indistinguishable  in  appearance  from  the  *'  pentabromide,*' 
but  containing  less  bromine.  In  one  preparation,  this  second  crop 
contained  54*00  per  cent,  of  bromine ;  in  another  preparation,  two 
bromine  determinations  of  the  second  crop  g^ve  only  37*95  and 
37*89  per  cent  respectively — numbers  which  are  only  about  4  per 
cent,  higher  than  that  required  by  a  difaromide. 

Unless  moisture  is  rigidly  excluded  during  the  preparation,  substi. 
tution  occurs  at  the  same  time.  Thus  in  one  preparation,  in  which 
the  before-described  precautions  were  neglected,  the  red  crystals  of 
of  the  additive  compound  were  mixed  with  yellow  crystals  of  a  second 


Digitized  byCjOOQlC 


AND  ZININ'S  LEPIDEN  AND  ITS  DERIVATIVES.  713 

componnd.  By  treating  the  mixture  with  boiling  alcohol  the  additive 
compound  was  removed,  after  which  the  yellow  componnd  was  re* 
crvstallised  from  a  large  bulk  of  boiling  glacial  acetic  acid,  in  which 
it  is  only  sparingly  soluble.  It  was  deposited  in  small,  colourless 
crystals  melting  at  198''.  It  is  practicaHy  insoluble  in  boiling 
alcohol. 

Analysis  gave  figures  agreeing  with  the  formula  CaaHisBrgO  : — 

Substance.  CO,.  HjO. 

1 0-2852  0-5162  00665 

II 0-2111  0-3849  00490 

III.  6-5149  gram  gave  05376  AgBr  (Carius). 

Calculated  for  Sbund. 

CjjHiaBrjO. 


r  II.  IlT 


0^2 264  49-53  49-36  49-72  — 

H,3 13  2-44  2-59          2:58  — 

Brk 240  45/03  —             —  44-4i 

0 16  300  _            _  — 


533        10000 

This  would  be  the  formula  of  a  trihromotriyhenylfurfuran^  the  forma- 
tion of  which  might  be  accounted  for  by  the  following  equations : — 

(1.)  CaH„Oa  +  4Br  =  CaHiiBraOa  +  2HBr; 
Dibromodibenzoyl- 
oinnamen*. 
(Hypothetical  intermediate 
compound.) 

(2.)  CaHuBrjOj  -h  HBr  =  CaaHisBtjO  +  HA 
N  Tribromotriphenyl- 

furfuran. 

the  last  reaction  corresponding  with  the  formation  of  triphenylchloro- 
furfuran  from  dibenzoylcinnamene  and  hydrochloric  acid  (v.  supra). 

Some  of  the  reactions  here  described  have  also  been  studied  in  the 
lepiden  series  by  one  of  us  in  conjunction  with  Dr.  Laycock,  and  will 
form  the  subject  of  a  separate  paper. 

Normal  School  of  Science^ 
South  Kensington. 
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XLTX. — Crystallographical  Relations  of  the  Derivatives  of  DibenzoyU 

cinnamene. 

By  Alfred  E.  Tutton,  Assoc.  N.S.S.,  Demonstrator  in  Chemistry  at 
the  Normal  School  of  Science,  South  Kensington. 

In  this  paper  are  presented  the  results  of  the  crystallographical 
examination  of  several  of  the  new  compoands  described  by  Drs.  Japp 
and  Klingemann  in  the  preceding  communication.  Eleven  well- 
-crystallising  substances  derived  from  dibenzoylcinnamene  have  been 
examined,  and  several  interesting  relations  between  their  symmetry 
discovered  which  may  be  of  use  in  further  elucidating  the  question 
of  the  general  relation  between  crystalline  form  and  chemical  com- 
position. 

The  substances  investigated  were :— > 

Dibenzoylcinnamene  itself ; 

Triphenylcrotolactone,  isomeric  with  dibenzoylcinnamene ; 
Dibenzoylcinnamenimide ; 

Triphenylpyrrholone,  the  imide  of  triphenylcrotolactone  ; 
Methyl-,  ethyl-,  propyl-,  and  allyl-derivatives  of  triphenylpyrrho- 
lone; 
3romine-derivatives  of  methyl  and  ethyl  tripheoylpyrrholone ; 
A  compound  of  the  composition  CnHieO. 

The  main  interest  of  the  work  lies  in  the  isomorphous  and  morpho- 
tropic  relations  observed  between  the  alkyl-derivatives  of  triphenyl- 
pyrrholone. The  addition  of  a  CH^  group  is  found,  in  the  particalar 
CAbes  examined,  to  be  accompanied  by  a  very  slight  alteration  in  the 
axial  ratios  without  any  disturbance  of  the  crystallographic  symmetry, 
similar  to  that  which  occurs  when  metals  of  the  same  chemical  family 
are  substituted  for  one  another  in  their  salts.  The  problem  has  been 
somewhat  complicated  by  the  prevalence  of  polymorphism,  several  of 
the  alkyl-derivatives  being  found  in  two  and  probably  even  three 
distinct  forms. 

A  ramarkable  case  of  dispersion  of  optic  axes  for  different  colours 
%of  the  spectrum  has  been  found  in  case  of  the  monoclinic  variety  of 
ethyl  triphenylpyrrholone.  Between  the  red  and  the  green  the 
dispersion  amoants  to  more  than  54°,  and  is  accompanied  by  a  cross- 
ing of  the  optic  axial  planes.  Consequently  the  interference  figure 
in  white  light  is  exceptionally  complicated,  somewhat  resembling  the 
well-known  one  of  brookite  in  the  rhombic  system. 

The  paper  is  concluded  by  the  results  of  an  investigation  as  to  the 
identity  or  otherwise  of  the  oxylepidenic  and  isoxylepidenic  acids 
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described  by  Zinin.  In  the  preceding  paper  the  two  substances  have 
been  shown  to  be  probably  identical  from  chemical  considerations  ; 
their  crystalline  forms  are  now  shown  to  be  identical. 

The  goniometrical  measurements  have  been  made  with  the  large 
horizontal  circle  goniometer  supplied  by  Fuess,  of  Berlin,  which  reads 
accurately  to  half  a  minute  of  arc.  The  optic  axial  measurements 
wore  made  with  the  universal  apparatus  described  by  Professor  Groth 
and  constructed  by  Fuess,  and  the  determinations  of  extinctions  were 
made  by  means  of  a  polarising  microscope  constructed  for  the  author 
by  Swift. 


C.H5-CZICH 
'  CeH5-C0  CO-C.H/ 


afi'Dxb  enzoylcinnamenej 


Melting  point  129^.  Crystallised  from  a  mixture  of  chloroform 
and  carbon  bisulphide. 

This  compound  was  obtained  five  years  ago  by  Japp  and  Miller 
(Trans.,  1885,  35),  and  forms  the  stock  material  from  which  the  ten 
following  substances  are  derived. 

An  improved  method  of  preparation  from  benzil,  acetophenone, 
and  alcoholic  potash  is  given  in  Part  II  of  the  preceding  paper. 

The  specimen  examined  consisted  of  very  small,  slightly  yellow 
prisms;  the  largest  observed  were  about  2  mm.  long  and  |  mm. 
thick.  They  were  generally  very  much  striated  and  distorted,  and 
the  reflections  were  consequently  not  good.  They  were  much  aggre- 
gated, several  parallel  crystals  frequently  growing  together. 

System:  rhombic.     Habit:  prismatic. 
Eatio  of  axes :  a:b:c  =  06898  :  1  :  0-6500. 
Forms    observed:     a=  {lOOjooPoo;    6=    {010}oo?oo;    p  = 
{110}ooP;/  =  {130}oof3;  m  =  {101}Poo;  r  =  {112}^?. 


•bSi 


Fio.  1. 
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The  prism  faces  were  best  developed.  Of  the  end  faces,  the  macro- 
dome  w(lOl)  was  most  prominent.  The  pyramid  faces  r(112)  were 
generally  present,  but  small.  The  macropinacoid  a(100)  was  only 
observed  on  one  crystal. 

A  typical  crystal  is  represented  in  Fig.  1  and  its  spherical  projec* 
tion  in  Fig.  2. 

The  following  goniometrical  measnrements  were  obtained  : — 

No.  of  l£ 

Angle  measured.       measure-              Limits.  ob  erred  CSalculaled. 

ments. 

{bp    =  010 :  110            12  64**  25'— 57^  28'  bb"*  24'  • 

<  bp'  =  010  :  180              4  25   21  —26   14  26  47  25**  47' 

[p'p  »  ISO  :  110              2  29  82—29  36  29  88  29  37 

Jpm  «  no :  101  6  54  88—56     8  55  89  55   38 

tmr»101:ll2  2  24     0—24     4  24     2  24  18 

br    «  010 :  113  2  78  86—78  88  73  87                   • 

pr    »  110:112  4  00  10—60  25  60  19  60  18 

aw  -  100 :  101  —                       —  —  46  4S 

bm  »  010 :  101  6  88  81  —91  47  90     0                  — 

The  angles  marked  with  an  asterisk  were  nsed  as  basis  of  the  calcu- 
lations. 

The  plane  of  the  optic  axes  is  the  braobypinaooid  &(010).  A 
section  out  parallel  to  the  basal  plane  showed  both  axes,  which  in 
castor  oil  appeared  separated  104**  50'  for  sodium  light.  Sections 
parallel  to  a(100)  were  not  possible  owing  to  thinness  and  friability 
of  the  prisms.  The  dispersion  was  not  large,  for  readings  with 
lithium  and  thallium  light  were  almost  identical  with  those  obtained 
with  sodium  light.  The  hyperbolic  brushes  were  bordered  witk  blue 
outside  and  red  inside. 

(C.H5),C-CH 
TriphenylcrotolacUme,  CO  O-CeHfi. 


y 


This  compound  is  isomeric  with  dibenzoylcinnamene  and  is  prepared 
from  the  latter  substance  by  heating  it  for  half  an  hour  at  310°  (in 
diphenylamine  vapour) ;  on  extracting  with  boiling  alcohol  and 
allowing  the  alcoholic  solution  to  stand,  well  formed  crystals  are 
deposited. 

Melting  point  117 — 118°  ;  recrystallised  from  alcobol. 

Tripbenylcrotolactone  is  totally  different  from  its  isomeride  dibenz- 
oylcinnamene. It  forms  brilliant,  colourless  prisms  averaging  2— >6  mm. 
in  length  and  |  mm.  in  thickness.  The  prism  zone  is  very  nearly 
tetragonal  in  apparent  habitus,  the  angles  being  almost  exactly  45^ ; 
but  the  principal  end  face,  which  is  frequently  the  only  other  plane 
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developed  besides  the  prism  faces,  is  inclined  SV  32'  to  the  vertical 
axis.  The  crystals,  moreover,  are  biaxial,  and  the  optical  properties 
indicate  the  presence  of  only  one  plane  of  symmetry.  The  disposition 
of  the  other  faces  exhibited  by  many  of  the  crystals  also  points  to 
mono-symmetry.  The  resalt  of  a  large  number  of  measurements  of 
the  prism  zone  shows  that  the  angle  between  a  and  p  is  slightly  less, 
and  tbat  between  p  and  h  slightly  greater  than  45"*.  Thus  out  of 
40  measurements  of  ap,  34  were  less  than  45*,  and  of  32  measure- 
ments of  ph,  31  were  greater  than  45^.  The  crystals  are  therefore 
monoclinic,  with  a  prism  zone  of  nearly  45''. 

System :  monoclinic.     Habit :  prismatic,     ft  =  81°  32'. 

Ratio  of  axes :  a:b:c=^  10029  :  1  :  1-0711. 

Forms  observed :  a  =  {100}ooPoo;  6  =  {010}cx>Poo;  c  =  {001}oP; 
^  =  {110}ooP;  m={011}?co;  g={012}i?oo;  »={il2}-h 
iP;  o={ill}-hP;  s  =  {I02}  +  |^oo;  r  =  {102}  -  ^Poo. 


^^^ 


Fig.  3. 


loSs 


CQtl 


Fig.  4. 


Fig.  3  shows  the  general  appearance  of  an  average  crysiaU  and 
Fig.  4  represents  its  spherical  projection. 

The  prism  faces  p{110}  were  best  developed  and  gave  good  re- 
flections. The  orthopinacoid  a{100}  was  always  found,  but  generally 
gave  more  distorted  reflections.  The  clinopinacoid  fe{010}  was 
generally  very  narrow,  often  a  mere  line.  The  basal  plane  ©{001} 
was  always  well  developed  and  gave  excellent  reflections.  The 
clinodome  m{011}  and  the  hemi-pyramid  n{il2}  were  not  always 
developed,  but  when  present,  gave  reliable  reflections.  The  planes  of 
^{012}  and  o{Ill}  were  generally  very  small  and  reflections  faint. 
Traces  only  of  r{102}  were  found,  the  reflections  being  too  distorted 
for  accurate  orientation. 

The  following  measurements  were  obtained  :— 
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No.  of 


Kean 


Angle  obserred.  measure-  Limite.  ■.        ^  Calculated. 

mente. 

fap  «  100  :  110  40  44*»  lO'— 45°  86'  44**  47'  • 

Ipb  =  110  :  010  32  44  49--45  48  45   13  • 

fac   «  100: 001  19  80  52—81   49  81  29  81^82' 

let    =  001  :  102  3  29  88—30  21  29  55  29   51 

[ta   »  102  :  100  2  68  17-68  53  68  35  68  37 

fam  =  100  :  Oil  19  83  31  —85     0  84  18  84  12 

{mo  ^  Oil  :  111  5  37  56—88   13  38     7  38  14 

loa  =  111  :  loo  6  67  31-^7  54  57  48  57  34 

{aq  »  100:012  1  —  82   85  82  82 

\  q»  »  012  :  112  1  —  26   20  26  20 

\na  =  112  :  lOO  17  70  84—71  28  71     2  70  58 


{ 


^»  010:  Oil  20  43  7—43  38  48  19         • 

mq  =  Oil  :  012  1          —  18  49  18  46 

Oil  :  001  22  46  82  -4.7  6  46  40  46  41 

qc   »  012  :  001  2  27  43  —28  0  27  52  27  56 

fbn   «  010:  112  5  68  20—68  88  68  28  68  29 

112:102  2  26  16—26  42  26  29  26  31 


tbn  =  I 


fcp   »  001:  110  38  83  32—84  28  84     0                     • 

po  »  110  :  111  13  35   14—85  43  85   25  85  22 

on   =  111  :  112  9  21   19—21   34  21   27  21   32 

»6   =  112  :  OOI  23  88  51  —39     9  89     0  39     6 

J  bo   »  010:  111  2  61  48—51  58  51   51  61   54 

loo   -  111  :  III  1  —  76   19  76  12 

In  parallel  light  with  croBsed  Nicols,  the  eztinctios  upon  the  ortho- 
pinacoid  a(lOO)  is  parallel  to  the  prism  edges.  The  extinction  upon 
the  symmetry  plane  &(010)  makes  an  angle  of  21 — 22®  with  the 
vertical  axis  or  prism  edges.  In  convergent  light  a  brush  is  seen 
through  the  orthopinacoid,  the  optic  axis  corresponding  being  just 
outside  the  field  in  the  direction  of  r  or  c.  When  the  crystal  is  placed 
so  that  the  edges  of  the  orthopinacoid  with  the  prism  and  basal  plane 
are  parallel  to  the  directions  of  the  crossed  Nicols,  the  brush  appears 
to  lie  along  a  diameter  of  the  field  parallel  with  the  vertical  axis  of 
the  crystal,  that  is,  parallel  to  the  prism  edges.  The  plane  of  sym- 
metry i(OlO)  is  therefore  the  plane  of  the  optic  axes. 

Diberuoylcinnarnenimidef  C23H17NO. 

Melting  point  180°. 

This  substance  is  deposited  when  an  excess  of  strong  alcoholic 
ammonia  is  added  to  a  hot  solution  of  dibenzoylcinnamene  in  alcohol 
and  the  solution  allowed  to  cool. 

The  crystals  are  colourless,  lustrous  tables,  in  some  preparations 
taking  the  form  of  thin  plates  and  in  others  of  fairly  thick  ones,  the 
principal  face  varying  in  size  from  2  mm.  by  1^  mm.  to  veiy  minute. 
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System:  rhombic.     Habit:  tabalar. 

Ratio  of  axes :  a:b  :c  =  0-6911  :  1  :  0-8151.       , 

Forms  observed :  a  =  {100}coPc5c ;  h  =  {010}ooJf^oo ;  c  =  {001}oP; 

p  =  {110}ooP;   p'  =  {120}oof2;    o  =  {l]l}P;    n  =  {121}2f2; 

t;  =  {112}iP ;  r  =  {011}f co ;  8  =  {012}if  co. 


Fia.  6. 


A  representatiye  crystal  is  shown  in  Fig.  5,  and  its  spherical  pro- 
jection in  Fig.  6. 

The  basal  plane  c(OOl)  is  the  best  developed  face,  the  crystals 
being  tabalar  upon  it.  The  primary  pyramid  o(lll)  is  always 
present,  and  frequently  is  the  only  form  noticeable  besides  the  basal 
plane.  The  other  forms  in  the  specimens  examined  were  generally 
small. 

The  following  angalar  measurements  were  obtained : — 


Angle  measured. 


eo  -  001  :  111 

vo  »  112  :  111 

op  »  111  :  110 

,00  =  111  :  111 

\bn  «  010: 121 

I  bo  «  010  :  111 
^  111  :  111 

00  «  111  :  111 

or  «  111  :  Oil 

oo  =  III  :  III 

oa  ^  111  :  100 

r  ht  =  010  :  012 

L*c  =  012:001 

hp'  =  010  :  120 


Ko.  of 

measure- 

ments. 

85 

2 

2 

41 

4 
54 
29 

24 

3 
24 

2 

2 
2 


Limits* 

58°  31'— 56°  51' 

19  24—19  40 

84  22 -—85     1 

68  7—70  58 

48  19—44  29 

61  2—68  50 

54  28—56  56 

84  15—86  18 
42  7—43  9 
93  52—95  45 
47  10—48     7 

67  80—67  58 

21  59—22   20 

85  40-85  44 


Mean 
obserred. 

55°  V 
19  82 
84  42 
69  47 

48  87 
62  12 
55  85 

84  50 
42  28 
95  10 
47   88 

67  44 
22     9 

85  42 


Calculated. 

• 
19°  28' 
84  58 
69  46 

48   29 

• 

55  36 

84  52 
42  26 
95  8 
47  84 

67  49 
22   11 

85  58 
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The  extinctionB  upon  the  baflal  pland  c(OOl)  in  parallel  polarised 
light  are  parallel  to  the  crystallographic  axes. 

The  plane  of  the  optic  axes  is  the  brachypinaooid  6(010).  A  thin 
crystal,  that  is,  a  thin  plate  parallel  to  c(OOl),  shows  in  convergent 
light  both  axes  when  immersed  in  oil.  The  angle  is  very  large  and 
invisible  in  air.  This  is  the  obtase  angle;  hence  the  vertical  axis  is 
the  second  median  line.  A  section  was  obtained  with  some  diffienlty, 
owing  to  general  thinness  of  plates,  parallel  to  a (100)  and  perpen- 
dicular to  the  first  median  line.  This  section,  which  required  to  be 
cut  very  thin,  showed  in  oil  the  axea  and  rings  separated  at  their 
acute  angle.  The  following  measurements  of  the  acute  and  obtuse 
apparent  optic  axial  angles  in  oil  were  obtained,  using  sodium 
light :— 


Aeute  angle  2Ha. 
98'    25' 
98    29 
98    19 

Obtiue  angle  2Ho. 
118°   48' 
118     26 

118  55 

119  5 

Mean    98    24 

Calculated  by  the  formola 

tanVa 

Mean    118    48* 

sin  Ho ' 

the  true  angle  2Va  of  the  optic  axes  is  82®  40'. 

The  dispersion  is  very  small,  and  appears  to  be  of  the  nature  p<v, 

Triphenylpyrrholone  or  S-DiphenyU^^henylpyrrholoney  the  Ifnide  cf 

(CeH,),C-(3H 
TripTienylor&tolactoney  CO  C'CtH^. 

This  substance  is  isomeric  with  the  dibenzoylcinnamenimide  just  de- 
scribed. The  latter  substance  is  readily  transformed  into  triphenyl- 
pyrrholone by  heating  it  to  its  melting  point  (180°J,  when  it  rapidly 
resolidifies  again,  owing  to  the  isomeric  change. 

Melting  point  221®.     Crystallised  from  ether. 

Colourless  prisms,  generally  very  small  and  much  distorted  and 
striated,  varying  in  size  from  the  finest  needles,  I — 2  mm.  long,  to 
prisms  of  ^  mm.  thickness. 

System:  tridinic.     Habit:  prismatic. 

Axial  angles:  a  =  78**  56';  /3  =  73°  23';  7  =  87*  82'. 

Ratio  of  axes :  a;b:c=i  07791  :  1  :  0*5124. 
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Forms  observed:  a  =  {100}ooPoo;  6  =  {010}ootoo;  p=z{110}ooF\ ; 
2)'={lit)}co;P;  m={011},-f>'a>;  n  =  {0il}'P,o9;  r  ={101}'P'oo; 
,  =  {i01}.P.Do. 


\§2j> 


Fig.  7. 


Fig.  7  represents  a  tyjHcal  crystal,  and  Fig.  8  its  spherical  projec- 
tion. 

The  prism  faces  p'  are  best  dereloped.  The  brachypinacoid  h  is 
also  generally  very  prominent,  and  the  prism  p  nsually  present,  bot 
the  macropinacoid  a  is  in  most  ciystals  either  very  narrow  or  entirely 
absent.    The  four  pairs  of  domes  ai^,  as  a  rule,  equally  developed. 

Owing  to  distortion,  the  reflections  were  oonsiderably  below  the 
average  of  those  of  the  other  compounds  described  in  this  communica- 
tion ;  hence  the  difference  between  the  observed  and  calculated  values 
of  the  angles  is  also  somewhat  great-er. 

The  following  measurements  were  made  : — 


Angle  measured. 

bp  «  OiO  :  110 
pa  -  110  :  100 
op'  =  100  :  lIO 
pp'  «  110  :  lIO 
(j,'b  =  lIO  :  OIO 

{6m  -  010  :  Oil 
mn  »  Oil  :  Oil 
nb   -  Oil  :  OlO 

br    »  010:  101 

bs    -  010  :  lOl 


,{ 


pm  ^  110:  Oil 
*IM  -  Oil  :  lOl 
«i»    »  101  :  IIO 


No.  of 
measure- 
ments. 
21 


22 
21 


15 

10 
10 

10 


16 
14 


Limits. 

48°  12'— 49^  28' 

85     8—35  9 

39  13-39  14 

78  64—75  85 

56     1—57  18 

58  26—54  51 

51  18—51  26 

73  37—74  58 

77  10—78  28 

81  0--«2  6 

55  81—56  32 

48  S4*-45  19 

78  20—80  84 


Mean 

obserr^ 

48^59' 
85  6 
39  14 
74  26 
56  38 

54  14 

51   17 

74  24 

78  1 
81  40 


66 
48 

80 


5 

52 

4 


Calculated. 


35°  2' 
39  24 

• 

56  85 

54  12 
51  43 

74  5 

77  56 

81  45 

56  2 
44  7 

79  51 
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No.  of  ^ 

Angle  measured        niea8uret>  Limita.  observed         Calculated. 

ments. 

Jpr  =  110 :  101            15  48  26  —49  55  49     6                    • 

4n»»101:0ll            11  88  50-39  22  89     2                89  20 

I  ftp  =  Oil :  no            10  91  10—92     9  91   51                91   34 

r(»r   »  100:  101              5  44  42^15  24  45   11                45  18 

ir$    ^  101  :  lOl              8  64  25—65  29  64  88                64  45 

L*a   -101:100             3  70  3—70  16  70     7               70     2 

rpV»  110:101            18  62  6—62  57  68  45 


18 

62  6—62  57 

17 

34  20—34  55 

20 

81  53—88  19 

irm  ^  101  :  Oil  17  34  20—34  55  34  38  • 

[f»y-011:I10  20  8153—88   19  82  31  82  37 

fp'n  =  110:011  18  67  22—68  20  67  51  67  38 

4  «M    »  Oil  :  lOl  14  43   11  —44  48  44  22  44  33 

L*p'  =  lOl :  no  14  67     1—68  31  67  39  67  40 

The  extinction  npon  p'  makes  an  angle  of  16 — 17°,  and  that  npon  h 
4 — 5^,  with  the  vertical  prism  edges.  Owing  to  the  minnteness  and 
friability  of  the  crystals,  the  optical  properties  could  not  be  further 
stadied. 

The  hydrogen  in  the  imido-NH-group  of  triphenylpyrrholone  is 
replaceable  by  alkyl  radicles.  Hence  it  has  been  poesible  to  prepare 
a  series  of  derivatives  ascending  by  GHs.  All  these  derivatives  are 
solid  substances  which  oiystallise  well,  and  the  methyl,  ethyl,  and 
propyl  members  have  been  somewhat  fnlly  investigated.  The  crys- 
tallographical  relationships  which  such  a  series  presents  are  of  course 
of  theoretical  importance,  as  affording  additional  data  towards  the 
solution  of  the  problem  of  the  general  relationship  between  chemical 
composition  and  crystalline  form.  Since  the  impetus  imparted  to  the 
subject  by  the  researches  of  Professor  Oroth  upon  the  morphotropi- 
cal  relations  of  the  derivatives  of  the  aromatic  hydrocarbons,  many 
similar  relationships  have  been  described  by  other  crystallographers, 
and  it  is  hoped  the  similarities  of  structure  met  with  in  the  present 
ascending  series  of  substituted  imides  may  form  another  link  in  the 
growing  chain  of  evidence.  Special  thanks  are  due  to  Drs.  Japp  aod 
Klingemann,  who,  entering  fully  into  the  subject  from  the  crystallo- 
graphical  point  of  view,  have  spent  much  valuable  time  in  preparing 
and  analysing  the  higher  members  of  the  series,  although  of  no 
f  nrfcher  use  in  elucidating  the  chemical  constitution  of  the  fundamental 
imide. 

Each  of  the  three  derivatives,  the  methyl,  ethyl,  and  propyl  com- 
pounds, has  been  obtained  in  two  distinct  forms.  These  substances 
are,  therefore,  at  least  dimorphous.  It  is  probable,  indeed,  that  two 
of  them,  and  possibly  all  three,  are  even  trimorphous,  but  the  third 
varieties  have  not  been  obtained  in  crystals  sufficiently  well  formed 
for  measurement.    That  the  production  of  different  forms  is  owing  to 
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polymorphism,  and  not  to  cbemical  isomerism,  is  shown  by  the  fact 
that  one  variety  may  be  obtained  from  the  other  by  simply  altering 
the  conditions  of  crystallisation  from  the  same  solvent.  Their  identical 
chemical  composition  was  established  by  direct  analysis.  Both 
varieties  also  furnish  the  same  bromine-derivatives. 

The  methyl-derivative  has  been  obtained  in  hexagonal  plates  and 
in  triclinic  prisms.  The  ethyl  compound  has  been  obtained  in  triclinio 
prisms  exactly  resembling  those  of  the  methyl  compound  in  habit  and 
disposition  of  faces ;  moreover,  the  angles  ai*e  so  near  those  of  the 
latter  compound  that  one  might  infer  the  existence  of  true  and  com- 
plete isomorphism.  Besides  the  triclinic  form,  the  efcbyl-derivative 
has  also  been  obtained  in  monoclinic  crystals.  Of  the  two  forms  of 
the  propyl  compound,  one  is  monoclinic  and  resembles  the  monoclinic 
form  of  the  ethyl  compound  as  closely  as  the  triclinic  form  of  the 
latter  substance  resembles  that  of  the  methyl  compound.  There  are 
exactly  the  same  faces  developed  according  to  the  same  habit,  the 
only  difference  being  the  slight  alteration  in  the  angles.  This  is  not 
only  true  of  particular  zones,  but  of  every  zone  of  the  two  compounds. 
The  similarity  in  the  optical  properties  of  the  monoclinic  ethyl-  and 
propyl-derivatives  is  also  very  striking,  inasmuch  as  both  are  com- 
pounds of  high  dispersion.  In  the  case  of  the  propyl-derivative,  the 
difference  between  the  apparent  angle  of  the  optic  axes  for  lithium 
and  thallium  lijfht  amounts  to  11°.  In  the  case  of  the  ethyl-derivative, 
this  difference  is  increased  to  such  an  extent  that  it  affords  a  remark- 
able example  of  a  case  of  crossed  axial  planes ;  the  optic  axial  plane  is 
perpendicular  to  the  symmetry  plane,  as  in  the  propyl-derivative,  for 
lithium  and  sodium  light,  and  then  crosses  to  a  plane  at  right  angles 
for  thallium  light,  the  total  dispersion  amounting  to  54°. 

The  second  form  of  the  propyl  compound  belongs  to  the  rhombic 
system,  and  it  may  be  remarked  that  a  similar  rhombic  form  of  the 
ethyl  compound  was  once  obtained,  but,  unfortunately,  lost  on 
attempting  to  recrystallise,  as  the  monoclinic  form  separated  out  and 
the  rhombic  form  was  never  again  obtained. 

Thus  appai*ently  isomorphous  relations  are  found  between  the  tri- 
clinic forms  of  the  methyl-  and  ethyl-derivatives  and  the  monoclinic 
forms  of  the  ethyl-  and  propyl-derivatives.  Morphotropic  relations  of 
almost  as  complete  a  nature  have  also  been  observed  between  the 
monoclinic  forms  of  the  ethyl-  and  propyl-derivatives  on  the  one 
hand,  and  the  allyl-derivative  upon  the  other. 
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Methyl  Tri^henylpyrrholone,  or  l-Methyl-3-diphenyl-S-phenylpyrrholone, 
(C,H.>.C-<:]H 


60  C 


CH5 

This  substance  crystallises  in  two  forms,  as  already  indicated.  As 
ordinarily  prepared,  by  acting  upon  a  bot  alcoholic  solution  of 
dibenzoylcinnamene  with  alcoholic  methylamine,  it  is  deposited  on 
cooling  in  triclinic  prisms.  When  these  crystals  are  heated  to  340** 
for  an  hour,  or  distilled  under  reduced  pressure,  and  the  product 
crystallised  from  alcohol,  the  crystals  obtained  belong  to  the  rhombo- 
hedral-hexagonal  system.  The  latter  form  is  also  obtained  along  with 
the  triclinic  when  the  preparation  from  alcoholic  dibenzoylcinnamene 
and  methylamine  is  conducted  in  a  weaker  solution  and  below  4ff. 
Both  forms  yield  the  same  bromine-derivatiye,  identical  both 
chemically  and  crystallographically. 

TricldniG  Variety. 

Melting  point  143*.  Obtained  as  above  by  deposition  from  the  hot 
alcoholic  solution.  The  crystals  are  extremely  small,  longest  dimen* 
sion  about  0*7  mm.,  but  well  formed  and  very  brilliant,  yielding 
excellent  reflections.  Larger  crystals  of  the  same  form  are  obtained 
upon  recrystallisation  from  carbon  bisulphide,  but  these  are  too  much 
distorted  for  accurate  measurement. 

Axial  angl^ :  *  =  79**  52' ;  /3  =  86^  3';  7  =  70'  26'. 

Ratio  of  axes :  a  :  6  ;  c  :  =  09059  :  1  ;  0*8695. 

Terms  observed:  a  =  {100}coPco;  b  =  {Ol0}oot*oo;  e  ={001}oP; 

p  =  {liO}co;P;     0  =  {111}?';     r  =  {1111'?;     0'  =  {111}.?; 

«={iIl}P,;    r'  =  {li2}VP;    m  =  {101}'P'c»;    i»  =  {i01},P,; 

h  =  {Ollj.t'oo;  g  ={0il}'t,3o. 


iooa 


9l§b 


km$ 


Fia.  9. 


Fig.  10. 
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The  general  appearance  of  tlie  cr^'stals  is  seen  in  Fig.  9,  and  the 
spherical  projection  in  Fig.  10. 

The  brachjpinacoid  d(OlO)  is  best  developed,  and  frequently  the 
crystals  are  tabular  upon  it.  The  macropinaooid  a(lOO)  is  generally 
well  formed,  as  is  frequently  the  case  also  with  the  hemi-prism  j)(ll0); 
the  latter,  boweyer,  is  sometimes  a  mere  line,  the  two  pinacoids  being 
the  predominating  planes.  Of  the  hemi-pyramids  and  domes,  r(lll), 
o'(ill)i  m(101)y  and  n(I01)  are  always  present;  ^(Oll),  as  a  rule, 
is  also  present,  but  not  so  fully  developed  as  the  four  end  forms  just 
mentioned.  Every  preparation  does  not  exhibit  the  basal  plane 
c(OOl)  and  the  hemi-dome  A;(011),  but  in  certain  preparations  tbey 
were  found  well  developed;  r'(112)  was  only  noticed  in  one  prepara- 
tion, and  o(lll)  and  «(IIl)  only  upon  one  crystal,  and  the  images 
were  tben  too  striated  for  use. 

The  following  measurements  were  obtained : — 


Angle  meanired. 

No.  of 
measure- 
ments. 

Limits. 

Mean 
observed. 

Oaloulated. 

ba 

»  100 

:100 

19 

68*  56'— 69*  53' 

69*19' 

• 

'  ap 

=  100 

:1I0 

19 

51 

15—52 

8 

51 

47 



[pb 

-110 

:0I0 

19 

58 

15—59 

20 

58 

54 

• 

hm 

-  010 

:101 

28 

67 

25—68 

50 

68 

1 

# 

'  mr 

»  101 

:in 

24 

85 

51—86 

42 

86 

13 

_ 

,rb 

«lll 

:OlO 

23 

75 

7—76 

19 

75 

46 

• 

(b</ 

-  010 

:IU 

16 

58 

51—59 

46 

59 

12 

59*19' 

•  o'n 

-  Ill 

:I01 

20 

86 

86—37 

24 

86 

57 

86 

55 

.»& 

-101 

OlO 

20 

88 

89-84 

9 

88 

49 

88 

46 

fbh 

-  010 

Oil 

1 



40 

47 

40  47 

Ike 

-oil: 

091 

1 

— 

86 

59 

86  87 

b 

-  001 

on 

1 

— 

48 

11 

48 

11 

-on 

OlO 

9 

58 

58—54 

17 

54 

9 

54 

8 

^am 

-  100 

101 

12 

40 

50—41 

22 

41 

2 

40 

59 

me 

-  101 

001 

1 

— 

41 

6 

41 

8 

'   mm 

-  101 

loi 

11 

90 

0—90 

18 

90 

11 

90 

9 

en 

-001 

101 

1 

... 

49 

4 

49 

8 

jta 

-101 

100 

10 

48 

86—49 

8 

48 

49 

48 

52 

far 

-100 

in 

11 

55 

28—65 

56 

55 

86 

55 

41 

iqa 

-111 

on 

10 

48 

18—48 

26 

48 

28 

48 

17 

-on 

100 

10 

80 

48—81 

8 

81 

1 

81 

2 

ao' 

-100 

111 

8 

69 

11—69 

19 

69  16 

69 

10 

pm 

-no 

101 

11 

67  40—68 

10 

67  56 

67 

58 

^pr 

-no 

:in 

18 

48 

22—44 

0 

48 

44 

• 

rt^ 

-in 

112 

1 



19 

51 

19 

56 

f^C 

-112 

001 

1 

— 

29 

28 

29 

20 

ro' 

-  in 

111 

16 

95 

0—95 

46 

95 

16 

95 

18 

Vo'v 

-111 

no 

U 

40 

44—41 

20 

40 

59 

41 

8 

fM 

-no 

on 

14 

69 

10—69 

46 

69 

29 

69  27 

^* 

-oil' 

101 

14 

51 

10—51 

26 

51 

20 

51 

17 

L»P 

-101  5 

no 

18 

58 

57—69 

89 

59 

18 

59 

16 
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There  are  three  cleavages  parallel  to  the  two  pinacoids  and  the 
basal  plane.  The  direction  of  extinction  upon  the  brachjpinacoid 
5(010)  makes  an  angle  of  about  SS"*  with  the  vertical  axial  edge. 
The  extinction  upon  the  macropinacoid  a(lOO)  occurs  at  an  angle  of 
abont  8**  with  the  vertical  edge  (ah).  In  convergent  light,  an  optic 
axis  and  its  STstem  of  rings  is  seen  on  looking  through  a  cleavage 
plate  or  a  thin  crystal  parallel  to  a(lOO)  towards  the  left-hand  corner 
of  the  field  nearest  the  observer. 


BhombohedraUHexagowil  Variety. 

Melting  point  138**.     Crystallised  three  times  from  alcohol. 

The  specimens  examined  were  yellowish-brown  in  colour,  generally 
tabular  upon  the  basal  plane,  but  also  frequently  fairly  thick  and 
occasionally  equally  developed.  The  tabular  crystals  varied  in  size 
from  exceedingly  small  to  hexagons  of  a  centimetre  or  more  in 
diameter.  The  edges  were  modified  by  two  complementary  -f-  and  — 
rhombohedra,  which  might  be  considered  as  faces  of  a  hexa^ual 
pyramid.  The  substance  is  undoubtedly  rhombohedral,  for  occasion- 
ally very  perfect  single  rhombohedrons,  exhibiting  no  other  faces  but 
the  basal  plane,  were  found.  Also,  in  nearly  all  the  thicker  crystals 
one  rhombohedron  was  much  more  prominently  developed  than  the 
other,  which,  as  a  rule,  merely  occurred  as  scarcely  perceptible 
truncations,  as  shown  in  Fig.  12.  Crystals  were,  however,  also  found 
in  which  all  the  faces  were  exhibited  equally,  as  if  holohedral.  One 
crystal  in  particular,  shown  in  Fig.  11,  exactly  resembled  the  common 
form  of  sapphire,  consisting  of  basal  plane  and  hexagonal  prism,  with 
a  series  of  hexagonal  pyramids  or  complementary  rhombohedra 
between,  forming  a  kind  of  curved  cone  of  hexagonal  section.  The 
spherical  projection  is  shown  in  Fig.  14. 


Fig.  11. 


Fio.  12. 


p 

V )( ^ra 


Fio.  13 


Fia.  14. 
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Looking  through  the  basal  plane  in  convergent  light,  the  uniaxial 
interference  figure,  consisting  of  rectangidar  cross  and  circular  rings, 
is  well  seen. 

The  principal  rhombohedron  was  considered  88(1011)^ 
Ratio  of  axes :  a  :  c  =  1  :  2*4343. 
Angle  of  rhombohedron:  109'*  22'. 

The  following  forms  were  observed': — 


Symbol  according  to 

Fonxk  observed. 

Bravais-Miller 
notation. 

Milleiian 

rhombohedral 

notation. 

Naumannian 
notation. 

SamI  plftne  <?.......•»-----• 

(0001) 
(1010) 
ic(lOll) 
•(Olll) 
ic(10l2) 
ic(01l2) 
ic(5057) 
ic(0557) 

(Ill) 
(112) 
(100) 
(221) 
411) 
(110) 
(17.  2,  2) 
(441) 

oR 

Hexagonal  pToto-priflni  p 

Primary  +  rhombohedron  r  . . 

„        -  rhombohedron  r' . . 

+  Rhombohedron  f  ........ . 

—  Rhombohedron  i^. • 

ooR 
+  R 
-R 
+  iR 
-VR 

+  Rhombohedron  ^  ........  • 

+  fR 

—  Rhombohedron  if 

-|R 

The  following  angular  measurements  were  obtained :- 


Angle  meavured. 

No.  of 
measure- 
ments. 

Limits. 

Mean 
observed. 

Calcukited 

cr  «  0001  :  lOll 

39 

TO**   2*— 70^48' 

70^25' 

•I 

rr  -  lOll  :  lOlT 

4 

88  83—  40     1 

89  14 

39M0' 

M   «  0001  :  1012 

7 

68  31  —  55     7 

54  88 

54  84 

ct  »U001:60&7 

6 

62  85—  64  40r 

63  23 

63  31 

TV  -  loii :  rioi 

12 

109     8—109  45 

109  26 

109^22 

rr  -  lOll  :  IIOI 

12 

70  12  —  70  48 

70  84 

70  38 

vp  =  loio :  oiro 

6 

59  57—  60     8 

60     0 

• 

The  basal  plane  c  is  always  well  developed,  and  in  tabular  crystals 
predominates.  The  primary  rhombohedra  r  and  /  predominate  in 
thick  crystals,  sometimes  one  alone  being  found  with  basal  plane. 
The  rhombohedra  «  and  t  are  generallj  small.  Frequently  a  whole 
series  of  images  are  seen  between  9  and  r,  as  if  from  vicinal  faces. 
Henoe  the  carvatnre  of  the  faces.  The  prism  &ceB  are  only  occasion- 
ally found,  but  when  present  give  good  reflections. 

The  crystals  are  frequently  fonnd  twinned  upon  the  basal  plane. 
A  characteristic  twin  of  this  description  is  shown  in  Fig.  13. 

There  is  a  good  cleavage  parallel  to  the  primary  rhombohedron 
(1011). 

3  G  2 
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The  double  refraction,  wkieb  was  determined  by  means  of  a  quarter 
undulation  mica  plate,  is  negative. 

Bromine  derivative  qf  Methyl  Triphenyipyrrholone,  CnHigBrNO. 

Melting  point  153°.     Crystallised  from  cai%on  bisulpbide. 

This  substance,  wbicb  may  be  obtained  in  identical  forms  from 
both  the  triclinic  and  hexagonal  varieties  of  the  methylimide  just 
described  by  the  action  of  bromine  in  chloroform  solution,  crystal- 
lises from  carbon  bisulphide  in  magnificent,  large  prisms  which  are 
generally  yellow  when  first  crystallised  but  may  be  obtained  colour- 
less on  recrystallisation.  These  crystals  have  been  obtained  over 
2  cm.  in  length,  and  from  1  to  |  cm.  thick.  The  faces  are  beauti- 
fully perfect,  and  give  exceptionally  good  reflections. 

System :  monoclinio.     Habit :  prismatic.     0  =  88°  29^. 

Ratio  of  axes :  a  :  &  :^  =  1*6549  :  1  :  l'04i3a. 

Forms  observed :  «  =  {100}ooPoo;  6  =  {010}oo?oo;  c={001}oP; 

r  =5={101}-^¥oo;tf={I01}-hPc«;p={110}ooP;jp'  =  {210}ooP2; 

g='{011}?oo;  m={021}25oo;  o={lll}-P;  »={111}+P; 

t  ={a21}-2P;  V  ={221}-!-  2P.. 


Pie.  16. 


Fia.  16. 


The  general  shape  of  the  crystals  and  their  spherical  projection  are 
seen  in  Figs.  15  and  16. 

The  crystals  appear  at  first  sight  to  be  rhombio  prisms,  but,  on 
measurement,  the  two  apparently  pinaooidal  faces  (a  and  c),  which 
are  generally  about  equally  developed  and  the  most  important  faces 
on  the  ciystal,  are  found  to  be  inclined  at  88""  29'  instead  of  90^ 
These  apparently  prism  faces  are,  in  fact,  found  on  complete  measur- 
ment  of  the  sabstance  to  be  the  orthopinacoid  and  basal  plane  of  the 
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xnonoclinic  STstem,  the  two  ends  of  ther  crfstal  lying  symmeitrically 
on  each  side  of  the  symmetry  plane  6v  which  is*  ther  zone  plane  of  the 
apparent  prism  Eone.  The  clinopinaooid  6(010)  at  the  apex  of  the  end 
pyramids  was  only  noticed  once  or  twice;  and  in  those' instances  was 
too  rough  to  permit  of  good  reflections.  The  orthodomes  r(l01)  and 
«(I01)  were  well  developed,  and  the  prism  17(110)  and  climydome 
9 (Oil)  gave  to  the  ends  their  pyramidal  shape.  The  remaining  &ces 
were  smaller,  and  o(lll),  n(Ill),  and  t;(221)  were  so  rongh  that  their 
positions  were  only  roughly  determined  by  taking  the  position  of 
their  maximnm  illnmination  when  viewed  through  the  telescope 
arranged  as  a  low-power  microscope. 
Following  is  a  table  of  the  angles  measured : — 

No.  of  J, 

Angle  measured.       measure-             Limits.  obiw^d  Calculated, 
ments. 

{«?  -  100 :  001            16  88*    1'— 88**  68'  88*»  29'  • 

or  =100:101            11  56  18—67     0  56  42  • 

c«    »  001  :  lOl            12  82   11  —88     1  82  28  82°  Sd' 

sa   »  lOl :  loo            18  58  86  —59  38  69     8  58  58 

Jap  »  100:110  80  6&    1—60  13  58  59  68  59 

\ap'»  100:210  1  —  89   60  89  46 

fe^   »  001:011  22  46  12-Ht6^4»  46  SO*  • 

\qm^  Oil  :  OsSl  4  18     1—18  28^  18     8  18     7 

fao  =  100  :  111  —                        —                              —  66  8* 

oq   =  111  :  Oil  1                        —  23-  27  23   24 

aq  »  100 :  Oil  12  88  20—89  27  88  54^  88  61^ 

qa  «  Oil  :  VO  11  90  42—91   36  91-     6  91     3 

\^ma  -  111  :  100  —                       —                             —  67  26^ 

a^   »  100:221  8  60  32-^1  62               60  66  60  61 

tm  »  221  :  021  1                       —  28-24.  28  SO 

ma  -  021  :  loo  2  90^  18—91  7                90  4^  90  3^ 

•  221  :  100  —                       —  —  61  51 

Ceo   =  001  :  111  3  49  66—60  42^               60  14  60  9 

ot   -  111  :  221  1                       —  17     5  17  4 

I  ^    »  221 :  110  14  21   84—22  16                21   68  22  0' 

^ep   »  001:  110  21  88  26—89  40                89     9  89  18 

pe  »  110 :  001  20  90  24—91;  SO'               90  51  90  47 

I  w    =  221  :  OOI  —                       —  —  68  83^ 

{uc  »^  111  :  OOl  1                       —  61     6  61  2 

qp  «  Oil  :  110  1  —  61     8*  61     r 

pq  «  110:011  2  62  21—52  21  62  21  62  29 

or    «  111  :  101  1  —  41     S  41     6 

There  is  an  excellent  cleavage  parallel  to  the  orthopinacoid  a(100)t 
The  minimnmi  of  cohesion  therefore  lies  in  the  symmetry  plane. 

In  parallel  polarised  light,  the  faces  perpendicular  to  the  symmetry 
plane  (a,  r,  c,  a)  extinguish  parallel  to  long  edges.     In  convergent 
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light,  the  orthopinacoid  a  and  basal  plane  c  show  only  one  bmsh. 
A  section  parallel  to  «(l01)  shows  the  two  azes  and  their  system  of 
rings- separated  at  their  acnte  angle  and  approximately  in  the  middle 
of  "the  field ;  the  optic  axial  plane  is  perpemdicalar  to  the  symmetry 
plane  and  approximately  also  to  «.  A  section  cat  parallel  to  the 
symmetry  plane  5(010)  also  showed  <in  oil  the  two  axes  separated  at 
their  acnte  angle.  The  following  measurements  were  obtained, 
xwing  sodiam  light : — 


SE. 

.2Ha. 

2Ho. 

Apparent  acute  angle 

Apparent  acute. i 

mgle 

Apparent  obtuse  angle 

in  air. 

in  oil. 

in  oil. 

123*'    5' 

80'  fiO' 

135°  25' 

122    45 

80    65 

132    40 

80    40 

133    10 

80    35 

Mean..     122    55      Mean..     :80    35       Mean..     133    45 

*      XT 

The  true  anele  2Va,  calculated  from  the  formula  tan  Ya  =  —  -^,  -, 
°  sm  Ho 

is  found  tobe=  TO**  15'. 

The    mean    refractive    index  ,Py    calculated    from  the  formula 

0  =  ^^  =  1-5264. 

The  dispersion  is  very  small,  for  the  values  obtained  with  lithium 
and  thallium  light  did  not  di£er  by  as  much  as  l""  from  those  found 
for  sodium  light.  The  hyperbolic  brushes  were  very  faintly  coloured, 
but  apparently  agreed  with  the  supposition  that  p<v. 

The^gn  of  double  refraction  is  positive. 


(C.H«),(;j-CH 
Ethyl  Triphenyipyrrholoney  CO  C-CHj. 

N-CaH, 

The  ethyl-derivative  has  likewise  been  obtained  crystallised  in  two 
forms,  a  triclinic  and  a  monoclinic,  by  action  of  ethylamine  upon 
dibenzoylcinnamene,  both  in  alcoholic  solution.  The  triclinic  form 
was  first  obtained  by  using  a  boiling  alcoholic  solution  of  dibenzoyl- 
cinnamene, and  the  monoclinic  by  employing  a  weaker  solution  at 
the  ordinary  temperature.  But  it  has  not  been  found  possible  to 
determine  the  exact  conditions  under  which  each  form  is  produced, 
sometimes  one,  sometimes  the  other,  and  sometimes  a  mixture  being 
deposited  under  apparently  similar  conditions. 
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Triclinic  Variety. 

Melting  point  123^ 

These  crystals  resemble  those  of  the  triclinic  methyl  imtde  very 
closely ;  they  exhibit  most  of  the  faces  present  in  case  of  the  latter 
compound  and  a  few  additional  ones. 

Axial  angles :  «  =  78^  48'.    0  =  89°  10'.    <y  =  68^  2.' 

Ratio  of  axes :  a:h::  e  =  0*9120  :  1  :  0*9524. 

Forms  observed :  a  =  {100}ooPoo ;  h  =  {010}oo:?oo;  c  ={001}oP; 

jp={110}ooP;;  i>'={110}oo;P;/'={270}oof>;|;  p"'=2iO}oo;P2; 

m  ={101}'P'oo;  n  ={i01},P,oo;  ifc={011},f>'oo;  q  ={Oil}*.oo; 

Z={0l2}i'f.oo;  r={lil}'P. 


6ii0 


Fio.  17, 


Pio,  18. 


Fig.  17  shows  the  general  appearance  of  the  crystals,  and  it  is 
interesting  to  compare  this  with  the  drawing  of  the  methyl  analogue 
(Pig.  9). 

Fig.  18  is  the  spherical  projection. 

As  in  case  of  the  triclinic  methyl  oomponnd,  the  brachypinacoid 
5(010)  is  generally  best  developed.  Sometimes,  however,  the  macro- 
pinaooid  a(100)  is  the  most  prominent.  The  prism  face  p\110)  is 
next  in  importance,  as  it  is  in  the  triclinic  methyl  imide.  The 
remaining  prism  faces  are  generally  mere  lines.  The  basal  plane 
c(OOl)  appears  to  be  a  better-developed  face  in  this  substance  than  in 
its  methyl  analogue,  bnt  this  is  really  due  to  the  fact  that  the  forms 
oXlll)  and  n(IOl)  were  either  not  present  or  extremely  small  on 
the  crystals  examined.  The  faces  r(lll),  m(lOl),  ^(011)  and 
^Oll)  were  of  about  the  same  relative  importance  as  in  case  of  the 
methyl  compound. 

The  following  angles  were  measured : — 
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Angle  measured. 

No.  of 
measure- 
ments. 

Limits. 

Mean 
observed. 

Calculate 

fab 

«  100  :  010 

82 

er 

9'-6r'  66' 

67*^26' 

# 

ap 

»  100  :  110 

1 

_ 

82  28 

82*19' 

Jb 

=  110  :  010 

1 

.» 

86     9 

85     7 

f"b 

«  270  :  010 

1 

— 

14  22 

14  15 

P  P 

=  100  :  lIO 

81 

52  41—68  27 

53   10 

• 

'-  2I0:1I0 

2 

25 

6—25  49 

25  28 

25  34 

li'6 

=  IIO  :  OlO 

84 

58 

61—59  45 

69  24 

59  24 

(am 
\mo 

-  100  :  101 

18 

89 

18—89  58 

89  46 

• 

-  101  :  001 

19 

44 

19—46     7 

44  48 

• 

fbe 

=  010  :  001 

27 

77 

6—78     8 

77  86 

• 

bk 

=  010  :  Oil 

8 

87 

81—88  28 

38     4 

88   13 

ke 

«  Oil  :  001 

8 

89 

0—89  28 

89  16 

89  23 

'   eq 

»  001  :  Oil 

23 

51 

55—52  16 

52     6 

52     2 

el 

-  001  :  012 

4 

29 

16—29  37 

29  24 

29  21 

^ 

-  012-  Oil 

4 

22 

26—22  54 

22  41 

22  41 

-  OH  :  OlO 

22 

60 

2—60  88 

50  18 

60  22 

bm 

-  010 :  101 

17 

65 

16—66     4 

66  48 

65  48 

-  mr 

-  101  :  111 

10 

89 

27—89  42 

89  38 

39  26 

.rb 

»  111  :  OlO 

10 

74  26—74  57 

74  38 

74  46 

or 

-  100  :  111 

11 

66 

18—67     8 

66  64 

66  63 

'  r J 

-  Ill  :  Oil 

11 

46 

23—46  46 

46  87 

46  40 

.2« 

«-  Oil  :  lOO 

16 

76 

12—76  64 

76  27 

76  27 

{p'm 

=  lIO  :  101 

1*    \ 

68  ?f4--e9  10 

68  46 

68  49 

.  mit 

=  101  :  Oil 

2^. 

44  17— 44  21 

44  19 

44  17 

W 

=  Oil  :  110 

2 

66  89—67     8 

66  51 

66  54 

\p'r 

-  110  :  111 

11 

42 

14—42  48 

42  29 

42  80 

'  ro 

=  III  :  001 

11 

52 

45—58  17 

68     6 

53     5 

U' 

=  001  :  HO 

19 

84 

11—84  41 

84  26 

84  26 

P'q 

»  lIO  :  Oil 

18 

70 

7—70  81 

70  20 

70  28 

There  are  cleavageR  parallel  to  the  pinacoids  a  and  h  and  a  feeble 
ooe  parallel  to  the  basal  plane  c.  In  this  respect  the  triclinio  ethyl 
imide  perfectly  resembles  the  analogous  methyl  oomponud.  In 
parallel  polarised  light,  extinctions  npon  a  and  h  are  aboat  35^  and  28^ 
respectively.  In  oonyergent  light,  h  shows  an  optic  axis  and  rings 
towards  the  edge  nearest  to  a. 

The  similarity  between  the  triclinic  methyl  and  the  triclinio  ethyl 
imides  is  graphically  shown  by  the  spherical  projections  of  the  two 
componnds,  Figs.  10  and  18.  A  comparison  between  the  measured 
angles  common  to  both  compounds  is  made  in  the  following  table : — 
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Angle. 

Trinlinio 

Tridinio 

Angle. 

Triclinic 

Triclinic 

methjl 

ethyL 

methyl. 

ethyl. 

a 

1^62^ 

78*^48' 

am 

4r    2' 

89^45' 

fi 

86     8 

89  10 

mo 

41     6 

44  48 

y 

70  26 

68     2 

or 

55  86 

66  54 

ba 

69  19 

67  26 

rq 

48  28 

46  87 

ap 

51  47 

53  10 

qa 

81     1 

76  27 

pb 

58  54 

69  24 

pm 

67  66 

68  46 

hm 

68     1 

66  48 

mr 

86  18 

89  88 

pr 

48  44 

42  29 

rb 

76  46 

74  88 

re 

49  14 

58     6 

cp 

87     2 

84  25 

bk 

40  47 

88     4 

ke 

86  69 

89  15 

M 

69  29 

70  20 

eq 

48  11 

62     6 

qb 

64     9 

60  18 

The  difference  in  the  ratio  of  the  axes  caased  bj  the  introduction 
of  an  additional  GHs-gronp  is  shown  in  the  following  comparison : — 

Triclinic  methyl :  aih  :c  —  0*9059  :  1  :  08695. 
Triclinic  ethyl :  aihxc^  09120  :  1  :  0*9524. 

From  which  it  wonld  appear  that  the  ratio  of  a  :  6  is  practically 
maintained,  while  the  vertical  c  axis  is  slightly  elongated. 


Monodinic  Variety, 

Melting  point  129''. 

The  monoclinic  crystals  of  ethyl  triphenylpyrrholone  are  specially 
interesting  as  presenting  a  case  of  exceptionally  large  dispersion  in 
crossed  axial  planes,  similar  to  the  case  of  brookite  in  the  rhombic 
system. 

They  are  brilliant,  almost  colourless  crystals  of  which  the  faces  are 
pretty  evenly  developed.  The  average  diameter  of  the  specimens 
examined  was  about  2  mm. 

Axial  angle :  /3  =  Se""  54'. 

Ratio  of  axes :  a  :  h  :  c  =  1*6898  :  1  :  1*9579. 

Forms  observed:  o  ={100}ooPoo;  c=:{001}oP;  r=  {101} -Poo; 

r'={I01}-hPoo;  o={lll}-P;  o'={ill}+P; 

m={012}i5oo;  n={3lI}+3P3;  «={113}+ JP. 

Fig.  19  shows  the  general  form  of  the  crystals,  and  Fig.  20  the 
Hpherical  projection. 

The  principal  faces  which  give  shape  to  the  crystals  are  the  ortho- 
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pinacoid  a(lOO),  tlie  basal  plane    c(001),  and    the   primary  hemi- 
pyramids  o(lll)  and  o'(lll).      The  orthodome  r(101)   is  generally 


Fia.  19i 


Fig.  ao. 


present  as  a  fairly  broad  tmncation  of  the  edge  ac^  and  the  clinodome 
m  is  also  a  fairly  well  developed  form  when  present,  bnt  tho  remain- 
ing forms  r'(101>,  9i(31I),  and  «(113)  are  generally  either  small  or 
absent. 

The  following  measarements  were  obtained : — 


Angle  raeMured. 

«  100  :  101 

-  101  :  001 

-  001  :  lOl 
i  -  lOl  :  loo 

-  001 1  loo 

-  100  :  111 
->  111  :  111 

^  «  111  :  311 
=  Sll  :  100 
=  111  :  loo 

=  101  :  Ul 
»  111 t  III 

»  101  :  111 
i»  111  :012 

-  012  :  lOl 

-  Ill  :  lOl 

»  001  :  111 

-  Ill  :  111 
«-  111  :  113 
»  113  :  001 
«  111  :  OOl 

'  -  lOl  X  111 
^  =  111  :  111 
/  -  111  :  III 


No.  of 

memore- 

aaento. 

17 

17 


20 


40 

40 

6 

5 

40 

87 

19 

88 

1 
1 


40 

1 

89 

4 
20 
20 


Limiftsw 

89°   4'-89°60r 
47     3—47  49 


92  47—93  26 

eo  6—61  sa 

6i  68—66  20 
80  28—80  41 
32  80—82  49 
62  48—68  61 

60  80--61  40 
77     6—78  30 

84  19—86  24 


94  28—96  41 

64  24—66  28 
47     0—47  67 


67  4—68     2 

62  28—62  44 

73  69—76  16 

104  47—106  2 


Kean 

obtented. 

89^28' 
47  26 


98   e 

61     6 

66  41 

80  86 
82  39 

63  18 

61  13 
77  80 

84  61 
33  60 

61  11 
9&    a 

64  64 
4ff  28 
80     2 

67  88 

62  87 
74  40 

106  20 


CSilciilatocL 


60P68' 
42  8 
98  6 

61  6 

66  88 
80  86 
82  41 
68  17 

• 
77  84 

84  56 
88  60 

61  15 
96  5 

64  66 
47  29 
29  52 
37  48 

67  85 

62  42 
74  86 

106  24 
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There  is  an  excellent  cleavage  parallel  to  the  orthopinacoid  a(100). 

A  cleavage  plate,  or  a  thin  crystal,  laid  npon  the  face  a  shows  in 
convergent  white  light  an  exceptional  and  very  beautiful  interference 
figure.  The  figure  is  not  symmetrical  to  the  normal  to  a ;  it  lies  on 
that  side  of  the  field  nearest  the  edge  ar,  and  the  first  median  line 
makes  an  angle  of  about  27"*  with  th&  normal  to  a  in  the  direction  of 
r.  On  cutting  a  section  parallel  to  the  ortho-axis  &,  and  making  an 
angle  of  27°  with  a  and  12^*"  with  r,  the  initerference  figure  is  seen 
symmetrical  to  the  centre  of  the  field.  An  idea  of  the  appearance 
of  this  figure  may  be  obtained  from  Fig.  21,  /.  Instead  of  the 
ordinary  biaxial  rings  and  lemniscates^  the  figure  consists  of  a  series 
of  concave  coloured  curves  falling  in  between  the  arms  of  the 
cross,  and  looping  ronnd  four  axes.  This  peculiar  figure  is  due 
to  the  fact  that  the  plane  of  the  optic  axis  for  red  is  at  right 
angles  to  that  for  green  light,  the  foraier  being  perpendicular  and 
the  latter  parallel  to  the  symmertry  plane.  On  ilkuninating  with 
lithium  light,  an  ordinary  biaxial  figure  is  observed^  a»  shown  in 
Fig.  21,  a.  On  changing  to  jellow  sodium  light,  the  figure  is  similar, 
but  the  axes  are  much  nearer  together,  as  seen  at  h,  Fig.  21.  On  further 
changing  to  green  thallium  light,  an  ordinary  biaxial  figure  is  again 
obtained,  aft  shown  at  (2  in  Fig.  21,  but  the  line  joining  the  axes  is 
now  vertical,  at  right  angles  to  that  joining  the  axes  for  sodium  and 
lithium  light.  For  some  particular  wave-length  in  the  greenish- 
yellow,  the  two  axes  eoincide  in  the  centre  of  the  field,  with  production 
of  an  apparently  uniaxial  figure,  as  shown  at  c  in  Fig;  21.  When  a 
mixture  of  sodium  and  thallium  light  is  employed,  as  when  the 
thallium  green  is  just  dying  out  and  the  yellow  flame  ol  sodium  is 
becoming  stronger,  the  figure  shown  at  Fig.  21,  e,  is  obtained. 

The  following  nkeasurements  of  the  angles  of  separation  were 
made  in  air  (2£)  and  in  castor  oil  (2Ha). 


lithium  light. 
32'  45' 

2£. 

By  MdiuiikHght. 

17°  15' 

By  thaUiam  light. 
21°  46' 

32    15 

17    20 
17    30 
17    20 

21    55 

Mean..     32    30        Mean..     17    20        Mean..     21    50 
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22'  10' 

12°  10* 

22    20 

12    80 

22    20 

11    40 

22     5 

Mean.. 

22    15 

Mean., 

12   10 
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14**  65' 

14  50 

15  0 

Mean. .  14  55 

For  lithinm  and  sodiam  light,  the  plane  of  the  optic  axes  is  perpen- 
dionlar  to  the  symmetry  plane;  the  first  median  line  lies  in  the 
symmetry  plane  and  the  two  axes  are  symmetrically  arranged  on  each 
side  of  it,  separated  in  air  32^  SCX  in  case  of  Hthiam  light.  As  the 
wave-length  of  the  light  diminishes^  the  axes  dose  in  upon  the  median 
line  and  approach  the  symimetry  plane ;  lor  light  of  some  particular 
wave-length  between  that  of  the  D  sodivm  line  and  that  of  the  green 
thallium  line,  the  two*  axes  and  the  median  line  coincide,  producing 
an  apparently  uniaxial  figuxe,  a  crooe  and  circular  rings.  As  the 
wave-length  continaes  to  diminish,  the  axes  again  diverge,  but  remaiu 
in  the  symmetry  plane,  and  attain  a  separation  of  21**  50''  when  thallium 
light  is  employed.  Hence  there  is  a  total  dispersion  between  these 
limits  of  32'  30'  +  21"  50'  ==  54**  20'  e£  the  «gn  p  >  v. 

The  sign  of  double  refraction,,  as  detenmned  by  means  of  a  quarter 
undulation  plate,  is  negative. 

The  sections  whi^  show  thr  interference  figsires  best  are  somewhat 
thick,  about  1  mm.  The  obtuse  angle  was  too  large  to  be  visible 
through  sections  at  right  angles  to  second  median  line,  even  i^  oiL 

Bromine'derwatw^  of  l^MhylS^phenyUb-phenylpyrrholone^ 
CMHnBrNO. 

Melting  point  142°.     Crystallised  from  carbon  bisulphide. 

The  bromine-derivative  of  the  ethyl  compound  forms  large,  yellow, 
transparent  crystals,  somewhat  resembling  those  of  the  bromo-methyl 
imide.  They  crystalliee  in  the  same  system.^  but  ape  of  different  habit. 
They  possess  the  peculiarity  of  rapidly  becoming  opaque ;  the  edges 
become  white,  and  lose  their  sharpness  in  a  few  hours,  and  the  opacity 
then  rapidly  extendi  throughout  the  whole  crystal.  This  appears  to 
be  probably  due  to  the  occurrence  of  a  change  to  a^move  stable  crys- 
tallographic  form,  possibly  to  one  resembling  that  of  ther  bromo-methyl 
compound. 

System :  monoclinic.     Habit :  prismatic    fi  =  80°  58^ 

Ratio  of  axes :  a  :  6  :  e  =  1*2102  :  1  :  0'5602. 

Forms  observed  :  a  ={100}ooPoo ;  h  ={010}oo5oo ; p  ={110}ooP; 

p'  ={210}ooP2;  r  =  {101}-Poo;  #  =  {101}  +  Pooj  o={lll}-.P 

n={lll}-hP;  «={121}-2?2. 
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The  usual  shape  of  the  specimens  examined  is  given  in  Fig.  22,  and 
the  spherical  projection  in  Fig.  23. 


Fia.  22. 


Fca.  28. 


The  crystals  are  typically  monoclinic.  Tlie  two  pinacoids  a(lOO) 
and  5(010)  and  the  prism  (110)  are  about  equally  developed,  and 
constitute  a  thick-set  prism.  The  dome  r(lOl)  is  the  most  important 
end  face,  its  complement  «(l01)  being  much  smaller.  Flanking  r  on 
each  side  are  the  faces  of  the  primary  hemi-pyramid  o(lll),  not  much 
smaller  than  r  itself.  The  positive  hemi-pyramid  n(Ill)  is  also 
fairly  well  developed,  but  ^(121)  is  only  present  as  a  mere  line. 

The  following  measurements  were  obtained : — 


Angle  measured. 

{a/p  «  100  :  110 
J  op'  -  100  :  210 
1  TP'TP  -  210  :  110 
yjpb   «  110  :  010 

far  -  100:101 
\r9  ^  101  :  101 
L«»    «  lOl  :  loo 

Too  -  100:111 
\(m  »  111 :  111 
\%a  »  111 :  loo 

\ho  »  010:111 
\io  »  121  :  111 
\or    »  111  :  101 

Ihn  »  010:111 
\fu    «  111  :  lOl 

fop  -  111:110 
\vn  ^  110  :  111 
Yno   =  111  :  HI 


No.  of 

measure- 

mento. 

22 

8 

6 

20 

14 
2 
2 

16 
18 
14 

18 

1 
17 

18 

4 

17 
16 
11 


Limits. 

49°  r— 50^46' 
80  21—81  80 
18  42—19  58 
88  54-^1  60 

67  84—68  80 
49  26^40  86 
72  20—72  62 

60  49—61  67 
43  28—44  28 
74  24—75  18 

68  68—66  6 
24  21—26  22 

61  22—62  6 
27  49—28  21 

49  48—60  68 
67  48—68  50 
70  49—72     4 


Mean 
obseryed. 

60*'  6' 
80  55 
19  11 
89  64 

67  68 
49  80 
72  86 

61  18 
48  47 
74  67 

64  87 
18  18 
26  22 

61  41 
28  11 

60  22 

68  4 
71  81 


Calculated. 


80*62' 
19  13 
89  66 

• 
49  24 
72  48 

61  18 
43  60 
74  62 

• 
18    7 
26  28 

61  60 
28  10 

60  26 
68  2 
71  82 


There  is  a  cleavage  parallel  to  the  symmetry  plane  5(010). 
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Owing  to  tlie  rapidity  witli  which  the  crystals  become  opaque,  the 
optical  properties  conld  not  be  yery .  completely  studied.  Sections 
became  completely  opaqne  within  5  to  10  minutes  of  grinding. 

The  symmetry  plane  is  also  the  plane  of  the  optic  axes.  Both  axes 
are  seen  through  a  (100)  in  convergent  light.  The  median  line 
emerges  at  an  angle  of  about  5^-10°  from  the  normal  to  the  plate 
towards  the  edge  ar.  The  axis  nearest  the  centre  of  the  field  makes 
an  angle  of  about  42**  with  the  normal.  A  section  was  cut  perpen- 
dicular to  the  median  line,  but  wus  too  opaque  for  accurate  measure- 
ment of  the  angle  between  the  axes.  There  was  just  time  as  the 
opacity  was  developing  to  see  that  the  axes  and  rings  were  then 
symmetrical  to  the  ceniare  of  the  field. 

Propyl  Tryphenylpyrrholme,  (CeH5)20— CH 

CO  C-CeHa. 


N-C,Ht 


Two  varieties  of  the  propyl  imide  have  been  obtained,,  a  monoclinic 
variety,  apparently  completely  isomorphous  with  the  monoclinic  ethyl 
compound,  and  a  rhombic  variety.  As  propylamine  does  not  react  as 
readily  as  ethylamine  and  methylamine,  it  was  found  necessary  to 
conduct  the  preparation  from  alcoholic  dibenzoylcinnameDe  at  100° 
in  a  sealed  tube. 

Monoclinic  Variety. — ^Melting  point  95 — 98"*.  The  variety  was  only 
obtained  in  one  experiment,  but  the  preparation  was  a  very  fine  one, 
consisting  of  exceptionally  large,  colourless  crystals  of  great  brilliancy, 
averaging  5 — 10  mm.  by  d — 7  and  3 — 5  mm.  in  size.  They  were 
usually  slightly-  tabular,  upon  various  planes,  according  to  their 
position  in  respect  to  the  walls  df  the  vessel  in  which  erystallisatiou 
occurred.  Their  external  resemblance  to  the  monoclinio  dfystals  of 
the  ethyl  compound  is  most  striking,  as  will  be  seen  on  comparing 
Fig.  19  with  Fig.  24.  All  the  planes  of  any  importance  exhibited  by 
the  ethyl  imide  are  represented  dso  upon  the  erystak  of  the  propyl 
compound. 

Axial  angle:  p  =  86'*ir. 

Ratio  of  axes :  a  :  6  :  c  =  1*8060  : 1  :  1*8821. 

Forms  observed :  a  ={100}ooPoo;  h  ={010}oo5oo ;  c  =  {00l}oP ; 

r={101}-Poo;i^={I01}-hPcc;o={lll}-P;o'={lll}  +  P; 

g={011}1?oo;  m={012}i^?oo;jp={210}ooP2;  «={3lI}-h3P3; 

^={113}-JP. 

The  description  of  the  relative  development  of  the  various  forms 
exhibited  by  the  monoclinic  ethyl  compound  is  peif ectly  applicable  to 
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the  case  of  the  propyl  imide.     The  clinopinacoid  6(010)  was  noticed 
upon  one  or  two  (»?ysta1s  of  the  latter  componnd,  as  was  also  the 


t»§a* 


Via,  24. 


alBC 


clinodome  q(011).  Instead  of  the  hemi-pyramid  «(113)  of  ihe  ethyl 
compound,  the  complementary  form  ^(113)  was  found  upon  one  orystal 
of  the  propyl  imide. 

The  following  table  gives  the  results  of  the  angular  measure- 
ments : — 


Ang^e  measnred. 

No.  of 
ments. 

Limits. 

Mean 
observed. 

Calculat 

far    =  100  :  101 

15 

41°  86'—  42°  22' 

42° 

2' 

• 

rv    -  101  :  001 

15 

48  52—  44 

84 

44 

15 

• 

-   cr'  -  001  :  lOl 

1 



48 

19 

48°   7' 

r^a  -  lOl  :  lOO 

1 

— 

45 

33 

45  86 

lea    -001:100 

17 

93     2—  94 

9 

93 

41 

93  48 

fao  -  100  :  111 

82 

61   58—  63 

5 

62 

80 

62  80 

oq    «  111  :  Oil 

1 

_ 

25 

56 

25  44 

qo'  «  (ttl  :  111 

1 

— 

26 

28 

26  24 

■   oo'  =  111  :  111 

82 

61  28—  62 

48 

52 

16 

52  11 

(/n  -  111  :  311 

2 

29  58—  SO 

44 

30 

21 

80  27 

na  »  Sll  :  lOO 

2 

84  85—  85 

4 

84 

49 

34  52 

ya  =-  111  :  100 

86 

64  51—  65 

54 

65 

15 

65  19 

ro    -  101  :  111 

82 

61     2—  51 

58 

51 

84 

• 

-  ob    -  111  :  010 

2 

88  86—  88 

87 

38 

86 

88  26 

,00    -  111  :  III 

14 

76  82—  77 

18 

76 

53 

76  52 

frp    =  101  :  210 

1 

.« 

56 

28 

66  26 

|h/  -  210  :  111 

1 

-^ 

82 

10 

82     9 

rt/  -  101  :  111 

26 

88  18—  89 

14 

88 

88 

88  86 

o'm  «  111  :  012 

8 

82  86—82 

57 

82  47 

82  51 

mt  »  012  :  113 

1 



19 

57 

19  54 

tr    -  113  :  lOl 

1 

— 

88 

82 

88  40 

o'r  -  111  :  lOl 

26 

91     8-  91 

48 

91 

28 

91   25 

Jem  «  001:  012 
\mq  -012:011 

1 



48 

5 

43  16 

1 

— 

18 

48 

18  46 
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No.  of 


Mean 


Angle  measured.  measure-  Limits.  ohaerraiL  Calculated. 

ments. 

ct    »  001 :  118  1  —  84  58  84  64 

to    ^  118 :  111  1  —  28  40  28  40 

CO    »  001  :  111  88  68     2  —  64  18  63  87  68  84 

oo'  ^  111  :  111  88  49  24—  50  21  49  55  49   55 

yc  =  111  s  001  86  65  47—  67     5  66  27  66  81 

fr'o'^  101:111  2  58     6—58   32  58   19  58  28 

i  o'u'^  111  :  111  16  72  80—  78  41  73  19  78   16 

LoV»Ill:IIl  14  106     9—107  18  106  88  106  44 

There  is  a  veiy  perfect  cleavage  parallel  to  the  orthopinacoid 
a(lOO),  as  in  case  of  the  ethyl-derivative. 

The  plane  of  the  optic  axes  is  perpendicolar  to  the  symmetr j  plane, 
and  the  first  median  line  makes  an  angle  of  abont  10^  with  the  normal 
to  a(lOO).  This  angle  was  determined  by  observing  the  direction  of 
extinction  npon  a  section  cut  parallel  to  the  symmetry  plane.  This 
section  showed  in  convergent  light  the  two  axes  and  rings  separated 
at  their  obtnse  angle,  which  was  too  large  for  measurement  even  in 
oil,  the  axes  being  only  just  seen  when  the  section  was  tilted  almost 
vertically  on  each  side.  A  crystal  tabular  upon  the  orthopinacoid 
a(100),  or  a  cleavage  plate,  shows  both  axes  at  their  acute  angle,  not 
'quite  in  centre  of  field,  the  median  line  being,  of  course,  10°  from. 
centre.  A  section  cut,  as  exactly  as  possible,  perpendicular  to  the 
first  median  line  shows  both  axes  symmetrical  to  the  centre  of  the 
field.  It  is  evident  from  the  interference  figure  that  the  dispersion  is 
very  strong,  for  on  rotating  the  section  the  hyperbolic  brushes  are  seen 
to  be  extremely  highly  coloured,  appearing  as  spectrum  curves,  re- 
sembling the  rainbow,  instead  of  black  ones.  It  is  not  so  great, 
however,  as  to  lead  to  a  crossing  of  the  axial  planes  as  in  case  of  the 
ethyl  analogue. 

The  following  measurements  of  the  acute  angle  between  the  optic 
axes  in  air  and  in  castor  oil  were  made : — 

In  air  2E. 

< * ^ 

By  lithium  light.  By  sodium  light.  By  thallium  light. 

79**    30'  76**    25'  68*    35' 

In  oil  2Ha. 
50*    ^  49**    10'  W    20' 

There  is,  therefore,  a  dispersion  between  these  limits  of  about  ll"*, 
when  the  measurements  are  made  in  air,  of  the  order  ^  >  o. 

The  sign  of  the  double  refraction,  as  in  the  crystals  of  the  ethyl 
compound,  is  negative. 
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A  comparisoa  between  the  measured  angles  common  to  the  mono- 
clinic  ethyl  and  propyl  imides  is  made  in  the  following  table  z-— 


Angle. 

Monoclinio 

Monoclinio 

Angle. 

Monoclinio 

Monoclinio 

ethyl. 

propyl. 

ethyl. 

propyl. 

P 

86°  54' 

86^17' 

ro 

51°  13' 

61**  34' 

00 

77  30 

76  53 

or 

39  28 

42     2 

re 

47  26 

44  15 

r</ 

84  51 

88  33 

Cf^ 

50  58 

48  19 

o'm 

33  60 

32  47 

r'a 

42     8 

45  33 

mr 

61   11 

58  29 

ca 

98     6 

93  41 

o'r 

95     8 

91  28 

ao 

61     6 

62  80 

CO 

64  54 

63  37 

04/ 

55  41 

52  16 

oo' 

47   28 

49  55 

o'n 

30  85 

30  21 

o'e 

67  38 

66  27 

na 

32  39 

84  49 

o'a 

63   13 

65  15 

r'o' 

52  37     . 

53  19 

oV 

74  40 

73  19 

This  similarity  in  the  angles  is  at  once  apparent  npon  comparing 
the  spherical  projection  of  the  monoclinio  ethyl  compound,  Fig.  20, 
with  that  of  the  propyl  analogue,  Fig.  25. 

Bhamhic  Variety. 

Melting  point  104— 106\ 

This  was  the  form  in  which  the  propyl  compound  was  usually 
deposited  on  allowing  the  contents  of  the  sealed  tube  to  cool  and 
evaporate. 

The  crystals  take  the  form  of  colourless  prisms,  3 — 5  mm.  long,  and 
2 — 3  X  1 — 2  mm.  in  section. 

Batio  of  axes :  a:h:c  =  06494  :  1  :  07646. 

Forms  observed:  h  ={010}c>of^oo;  jj  ={110}ooP;  2>'={210}ooP2  ; 

i)"={170}c>of^7;  g={On}too;  n={012Htoo; 

m  ={032}|f  00 ;  r  ={101  jPw  . 

Figs.  26  and  27  show  the  usual  appearance  of  the  crystals  and  their 
spherical  projection. 

The  forms  which  give  shape  to  the  crystals  are  the  prism  p(llO) 
and  the  brachydomes  g(011)  and  n(012),  which  are  invariably  present; 
n  is  generally  somewhat  smaller  than  q.  The  brachypinacoid  5(010) 
faces  in  the  specimens  examined  were  generally  narrow ;  the  prisms 
p'(210)  and  p"(170)  were  only  found  occasionally.  The  macrodome 
r(lOl)  is  generally  a  well-formed  face,  but  not  so  fully  developed 
as  g(Oll). 

TOL.  LVII,  8  D 
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Fia.  26. 
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Following  is  a  table  of  the  anglee  measured  : — 


Angle  measured. 


No.  of 

meMure- 

ments. 

rhp  =  010:110  40 

bp"  =  010  :  170  2 

Ipp'  »  110  :  210  4 


\bq   =  010:011 

bm  =  010  :  032 

[qn  =  Oil  :012 

frr   =  101:101 
\rr   «  101:101 


pr 


110  :  101 
110  :  Oil 


29 

1 

16 

4 
5 

41 
46 


Linuts. 

66°  20'— 57*  48' 
12  4—12  69 
14  36—15  36 

52  22—58  12 
16     8—16  89 

99  4—99  84 
80     5—81   16 

49  58—50  47 
70  16—71  19 


Mean 
obeerred. 

5r  8' 
12  31 
14  57 

62  86 

41  10 
16   24 

99  16 
80  42 

60  21 
70  41 


Calculated. 

6r  c 

12  24 
16     1 

• 
41     6 
16  29 

99  18 
80  42 

60  16 


There  is  a  good  cleavage  parallel  to  the  brachydome  ^011). 

Several  twins  were  found  twinned  upon  the  prism  facejD(llO). 

The  plane  of  the  optio  axes  is  the  macropinacoid  a(lOO).  The 
yertical  axis  c  is  the  first  median  line. 

A  section  cut  perpendicular  to  the  yertical  axis  c  and  parallel  to  the 
possible  basal  plane  (001),  when  viewed  in  convergent  light  in  air, 
just  shows  the  two  axes  and  their  rings  at  the  extreme  right  and  left 
hand  edges  of  the  field.  They  are  much  better  seen  in  oil.  A  second 
section  parallel  to  the  brachjpinacoid  6(010)  was  also  cut^  and  also 
showed  in  oil  the  two  axes  separated  at  their  obtuse  angle. 

The  following  measurements  of  the  apparent  acute  and  obtuse 
angles  for  sodium  light  were  obtained  : — 


SB. 

Aouto  angle  in  air. 
136°  10' 

SHo. 

AoQte  angle  in  oiL 
77°  46' 

SHo. 

Obtuie  angle  in  oiL 

132°  30' 

135    30 

77    40 

132    60 

136    10 

77   45 

136   20 

Mean..    135   30       Mean..     77   45        Mean..     132   4P 
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Tlie  tme  angle  2Ya  between  tbe  optic  axes,  calculated  by  means  of 

the  formula  tan  Va  =  ?J5-52,  is  68°  50'. 
sm  Ho 

The  mean  refractive  index  of  the  crystals,  /3,  calculated  from  the 

apparent  angle  of  the  optic  axes  in  air  and  the  tme  angle  by  means  of 

the  formula  a  =  ?^5_f-,  ig  found  to  be  1-6377. 
sm  Va 

The  dispersion  is  very  small,  of   the  sign  />  >  v,  the  hyperbolic 

brushes  being  bordered  with  blue  outside  and  red  inside. 

The  sign  ol  double  refraction  is  positive. 

AUyl  Triphenylpyrrholone,  (CeH5)2C — CH 

6o  C-CHj. 

\/ 
N-CsHs 

Melfcihg  point  110-^112'*.  Like  the  propyl  compound,  the  allyl- 
derivative  was  prepared  by  heating  alcoholic  allylamine  and  dibenzoyl- 
cinnamene  together  in  a  sealed  tube  at  100°. 

The  allyl  compound  forms  colourless,  evenly- developed  crystals  of 
1 — 3  mm.  diameter. 

System:  monoclinic.  fi  =  88*  53'^;  hence  the  crystals  simulate 
rhombic  symmetry  very  closely.  Their  truly  monoclinic  character  is 
proved  by  their  optical  characters  as  well  as  by  the  slight  deviations 
of  the  angles  from  those  required  for  rhombic  symmetry. 

Ratio  of  axes:  a:h:c  =  1*6654  :  1  :  1*8441. 

Forms  observed:    a  ={100}ooPoo;  h  ={010}od^oo;  c={001}oP; 

2?={110}ooP;  y  ={210}c>oP2;   r={101}-Poo; 

*={102}-^J^oo;  r'={I01}-f  Poo;  «' ={i02}-f  i^oo; 

q  ={011}^oo;  m  ={012}i?oo;  n  ={112}-^?;  n'  ={Il2}-h  ^P; 

*={l22}-f  $'2. 


s'  loz 


rui 


uea 


afoi 


Fio.  28. 


Fio.  29. 
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A  typical  crystal  is  represented  in  Fig.  28,  and  its  spherical  pro- 
jection in  Fig.  29. 

The  best  developed  forms  are  the  prism  p(llO),  the  two  pinacoids 
a(lOO)  and  ^(010),  the  basal  plane  c<001),  the  dinodome  ^(Oll), 
and  the  hemi-prism  n  (Il2).  The  remaining  faces  are  small,  and  not 
always  present.  The  planes  a,  b,  c,  p\  r,  /,  q,  and  m  correspond  to 
those  marked  with  the  same  letters  npon  the  monoclinie  variety  of 
the  propyl  oomponnd.  The  angles  between  these  faces  are  very 
similar  in  tha  two  compounds,  and  a  •comparison  table  is  given  at  the 
end  of  the  present  description. 

The  angles  measured  npon  the  allyl  imide  are  as  follows: — 


No.  of 

measure 

ments. 


Angle  measured.        imeasure-         Limits.  ,     ^^i  Calculated. 


33  68°  49'— 69°  34'  69°    2'  • 

4  89  30—40     2  39  62  39°  48^ 

5  18  64—20  20  .19  20  19   14 
15  30  37—31     6  80  64  80  58 

far    «  100  :  101  18  41     3  —41  57  41  83  41   35 

r#    «  101  :  102  6  17  59—19  46  18  41  18  36 

sc    »  102:001  6  27  40—29  88  28  46  28  42 

ci^   «=  001  ;  102  2  29     6  —29   19  29  12  29   15 

/r'  -  102  :  lOl  2  18  45  —19  58  19  21  19  18 

/a  «  101  :  100  2  42  31—42  40  42  35  42  84 

{hq    »  010:  Oil  7  28     8-^28   52  28  28  28  27 

qm  -  Oil  :  012  28  18  17—19     8  18  47  18  51 

[mc  »  012  :  001  23  42  16—43   14  42  40  42  42 

an  -  100:112  4  67     7—67  15  67  12  67  10 

nm  ^  112:012  3  21   47—22     7  21  68  22     2 

am  =:  100:012  21  88  32—89  46  89  17  89  12 

mn  =»  012  :  112  21  21    52  —22  29  22  10  22   15 

[na  ^  112  :  loo  36  68   17  —69     6  68  33  • 

fag  =100:011  82  89     4—89   56  89  83  89  28 

[qa   »  Oil:  100  32  90     5—91   24  90  29  90  32 

en   »  001  :  112  4  46  39—46  51  46  44  46  48 

ftp   =  112 :  110  4  42  83  —42   51  42  41  42  88 

-{  cp    «  001  :  110  26  89     6  —89  51  89  27  89  26 

;m'»110:ll2  27  42  48 --43   19  48  9  • 

ye  =  112  :  001  89  47     3  —47  48  47  23  47  25 

hn'  =  010 :  112  17  50  14—51   29  50  68  60  61 

bt    =  010  :  122  1                        —  31  22  81   83 

tn'  «  122  :  112  1                        —  19  16  19   18 

»V=I12:I02  18  39     0—39   17  39  6  89     9 


{ 


The  directions  of  extinction  npon  faces  in  the  zone  [a,  r,  c]  are 
parallel  to  the  orthodiagonal,  in  accordance  with  the  symmetry  of  the 
monoclinie  system.  The  plane  of  the  optic  axes  is  the  symmetry 
plane.    Through  the  basal  plane  c(OOl),  in  convergent  light,  a  brash 
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IB  seen  of  which  the  axis  lies  jnst  ontside  the  field  in  the  dii'ection  of 
*'(I02). 

From  the  above  description,  it  will  be  evident  that  the  allyl  oom- 
ponnd  bears  many  resemblances  to  the  monoclinic  varieties  of  the 
ethyl  and  propyl  compounds.  The  morphotropical  relationship,  as 
was  to  be  expected,  is  not  so  close  as  between  the  two  latter  com- 
pounds themselves.  Nevertheless,  the  similarity  of  the  angles  in 
several  of  the  zones  is  very  striking,  and  is  shown  in  the  following 
tabular  comparison : — 


Angle. 

Propyl  oompoand. 

Allyl  001 

rar 

42° 

2' 

41* 

33' 

Ire 

U 

15 

47 

27 

icr- 

48 

19 

48 

33 

Lr'a 

45. 

33 

42 

35 

(h 

28 

12 

28 

28 

^qm 

18 

43 

18 

47 

{.me 

43 

5. 

42 

40 

ap 

41 

52 

39 

52 

ro 

61 

34 

50 

45  calcalated 

Ratio  of  axes 

of  propyl  imide  . » . . 

1-8060 

:  1  :  1-8821. 

» 

ally! 

,,.       .... 

1-6664 

:  1 :  1-8441. 

It  is  somewhat  interesting  to  note  that  the  snbstitntion  of  the  nn- 
satnrated  ally!  for  the  saturated  propyl  radicle,  which  is  practically 
the  removal  of  two  atoms  of  hydrogen  from  the  propyl  imide,  is  ac- 
companied by  a  diminution  in  the  length  of  the  a  axis  as  compared 
with  that  of  the  b  axis,  while  the  ratio  of  the  c  to  the  h  axis- remains 
almost  the  same. 

The  Compound  C2iHi60,  ohtmned  by  the  Distillation  of  okP^lXbenzoyl' 

cinnamene. 

Melting  point  92 — 93*.     Crystallised  from  ether. 

This  substance  forms  splendid,  yellowish-green  crystals  of  great 
brilliancy,  varying  in  size  up  to  4  mm.  diameter.  Many  of  idie  crystals 
gave  reflections  as  perfect  as  those  from  a  metallic  mirror. 

System :  monoclinic.     Habit :  inclined  to  be  tabular  upon  the  basal 

plane. 
Axial  angle:  /S  =67*47'. 
Ratio  of  axes :  a  :  b  :  c  =  1*9640  :  1  :  1-0331. 
Forms  observed:  a  ={100}ooPoo ;  c  ={001}oP;  jp  ={110}ooP>' 

o={ill}+P;  r={201}+2Poo. 
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These  CTjstals  are  typically  monoclinio  in  appearance,  as  may  be 
seen  from  an  inspection  of  Fig.  30.  The  prism  zone,  including  the 
prism J9(l  10)  and  the  orthopinacoid  a(100),i8  always  well  developed, 


0§fC 


u§ai 


C0A 


Fia.  SO. 


Fio.  31. 


bnt  the  faces  are  not  so  long  as  to  render  the  substance  prismatic  in 
habit.  The  basal  plane  c(OOl)  is  generally  the  predomimating  end  face, 
and  frequently  the  crystals  are  tabular  upon  it,  hut  always  retaining  a 
fair  amount  of  thickness.  The  ovthodome  r(201)  is  generally  small 
compared  with  c,  bnt  occasionally  crystals  are  found  exhibiting  both 
equally  de>7eloped.  The  faces  of  the  hemi-pyramid  o(Ill)  generally 
occurred  as  mere  lines  truncating  the  edges  cp,  (001)  :  (110),  bnt 
were  sometimes  found  more  largely  developed. 
The  following  measurements  were  obtained.: — 


Ang^e  measttTBd. 


fop  - 
\PP  - 

<  cr 
ira 

fep  - 

ioc  - 


\op  - 
Ipr  - 


loo  - 


100  :  110 
110  :  110 

100:001 
001  :  201 
201  z  100 

001  :  110 

110  :  111 

111  :  001 

201  :  111 
111  :  110 

110  :  201 

100  :  111 

111  :  loo 

111 :  111 
111  :  III 


No.  of 

measure-  Limite. 

ments. 
47  60°   9^  —  61°  48' 

24  67  10  —  58  44 


24 
21 
21 

88 
28 
28 

25 
26 
86 

23 
20 

8 
8 


67  18  —68  6 

67  46  —  58  ^ 

68  86  —  54  19 

79  6  —79  59 

46  69  —47  31 

62  45  —  53  38 

50  46  —61  61 

54  80  —S5  48 

78  1  —78  58 

95  69  —96  54 

83  21  —88  50 

88  40  —89  1 

90  69  —91  17 


Mean 
4>bseryed. 

61**  11' 

67  88 

«7  44 

68  19 
68  67 

79  80 

47  18 
63  17 

61  22 
66  t» 
78  82 

96  24 
88  86 

88  51 
91     9 


Galoulsted. 


57**  88' 

67  47 

68  14 
68  69 

47  16 

63  14 

51  22 

65  6 


96  20 

83  40 

88  56 

91  4 
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There  is  a  cleavage  parallel  to  the  orthopinaooid  a(100),  and  a 
mnoh  less  perfect  one  parallel  to  the  symmetry  plane. 

The  optic  axial  plane  is  the  symmetry  plane.  In  conyergent  light, 
on  looking  through  e,  an  optic  axis  and  rings  are  seen  lying  in  the 
trace  of  the  symmetry  plane.  The  axis  appears  to  emerge  at  an 
angle  of  afoont  25*"  with  the  normal  to  c,  in  the  direction  of  the  ortho- 
pinaooid a. 

Oxylqndeniic  Acid. 

Melting  point  174-^176*.     Crystallised  from  alcohol. 

Two  distinct  preparations  were  examined,  one  consisting  of  ordinary 
oxylepidenic  acid  and  the  other  corresponding  to  an  iso-oxylepidenic 
acid  described  by  Zinin.  Drs.  Japp  and  Klingemann  had  obtained 
chemical  evidence  that  the  two  were  identical  and  not  isomeric,  as 
supposed  by  Zinin,  and  it  was  an  interesting  question  as  to  whether 
the  crystalline  forms  also  were  identical  or  not. 

The  preparation  marked  "  oxylepidenic  acid  "  consisted  of  minute, 
yellow  prisms,  while  that  labelled  *'  isoxylepidenio  acid  ?  "  consisted 
of  similar  prisms  of  a  greyish-green  colour. 

The  two  preparations  are  certainly  cystallographically  identical. 
That  they  are  one  and  the  same  substance  may  be  seen  at  once  on 
consulting  the  comparativo  table  of  angles  given, 

Oxylepidenic  acid  is  peculiar  in  crystallographical  character. 
From  the  measurements,  which  are  only  approximate,  owing  to  dis- 
tortion and  striatic n,  it  might  be  regarded  as  either  hemihedral- 
tetragonal  or  rhombic.     As  shown  in  the  drawing  (Fig.  32),  the 


e»M 


iMoa* 


Fig.  82. 


crystals  take  the  form  of  a  flattened  prism  of  which  the  face  marked  c 
is  best  developed.  The  narrower  face  a  makes  an  angle  so  close  to  90'' 
with  Cy  that  the  measured  difEerenees  fall  within  the  limits  of  error. 
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Further,  the  face  r  is  situated  almost  exactly  at  45°  from  a  and  e.  As 
no  corresponding  face  on  the  other  side  of  c  is  present,  the  crystals 
cannot  be  holohedral,  if  tetragonal.  The  remaining  faces  may  be 
accounted  for  either  by  the  supposition  of  tetragonal  or  rhombic 
symmetry. 

The  optical  properties,  however,  show  that  the  crystals  are  certainly 
biaxial,  and  that  they  really  belong  to  the  monolinic  system.  On 
looking  through  the  face  c,  which  is  considered  as  the  basal  plane 
(001),  an  optic  axis  with  its  brush  and  rings  is  seen  in  the  trace  of 
the  symmetry  plane,  and  on  that  side  of  the  centre  furthest  from  the 
edge  r.  That  is,  when  the  plate  is  arranged  so  that  in  parallel  light 
extinction  occurs,  the  crystal  lographical  axial  edges  being  parallel  to 
the  crossed  Nicols,  and  when  the  converging  system  of  lenses  are 
then  placed  in  position,  the  brush  forms  a  straight  line,  which  lies  in 
a  diameter  of  the  field  in  the  trace  of  the  symmetry  plane.  The  plane 
of  the  optic  axes  is,  therefore,  the  symmetry  plane. 

System :  monodinic.     /3  =  89**  61'.     Habit :  prismatic. 
Ratio  of  axes  :  a  :  6  :  o  =  2-1257  :  1  :  21425. 

Forms  observed:  a  ={100}ooPoo;  c={001}oP;  r={101}— Pco; 
m={011}?oo;  n={027}f5oo;  «={211}-2P2. 

Of  the  end  forms  m(Oll)  is  the  most  important ;  frequently  it  is 
the  only  form  present  besides  a,  r,  and  c.  The  hemi-pyramid  ^(211) 
occurs  as  small  corner  faces,  and  n(027)  as  a  line  just  blunting  the 
edge  cm. 

The  following  table  shows  the  values  of  the  various  angles  mea* 
sured,  both  upon  the  preparation  marked  '*  oxylepidenic  acid "  and 
that  labelled  "  isoxylepidenic  acid  ?  " 

Measured  on  No.  of  Measured  on  No.  of  |^| 

Angle  measured.      iBoxjlepidonic  ?  measure-  oxylepidenic  measure-  Wed* 

acid.  ments.  acid.  ments. 

or    «  100 :  101             44°  42'                 6                44°  40'                 2  • 

re    «  101  :  001             45     9                  6                46   10                  8  * 

ca   =  001 :  loo            90     7                  6                90  10                  4  90f*    9* 

«»   ==  001  :  027  81  25  1  —  —  31   27 

027:011  83  46  1  —  — •  83   31 

001  :  Oil  64  68  5  66     9  5                 • 

Oil  :  Oil  49  37  2  49  43  2  60     4 

fa^«100:211  49  81  6  —  —  49  29 

-^  <m  «  211  :  Oil  40     6  6  —  —  40  27 

Lma  =  Oil  :  100  89  50  6  —  —  »)     4 

Iri   »  101: 211  46   88  4  —  —  46  31 

211  :  Oil  60  23  4  ^  —  60  61 

Oil  :  lOl  72  27  4  —  —  72  38 


l«ir  —  I 
Owing  to  the  imperfect  formation  of  many  of  the  faces,  the  above 
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yalnes  cannot  be  considered  as  nearer  the  trath  than  abont  10^  The 
limit  s  of  the  actnal  observatioDS  average  abont  20'  on  each  side  of  the 
mean  valnes  given.  Bnt  the  results  are  qnite  conclnsive  as  to  the 
identity  of  the  so-called  "  isozylepidenic  acid  **  with  ordinary  oxyle- 
pidenic  acid.  The  dispositioD  of  the  faces  was  in  all  cases  similar, 
e  being  invariably  the  best  developed  face,  and  the  optical  properties 
of  the  two  preparations  were  identical.  In  the  case  of  the  preparation 
marked  ozylepidenic  acid,  the  crystals  rarely  showed  the  faces  n  and 
t^  bnt  this,  which  often  happens  with  different  preparations  of  the 
same  snbstance,  was  the  only  point  of  difference  observed. 


L. — Action  of  Garhon  MonoMte  on  Nickel, 

By  LuDwiG  MoND,  Dr.  Gabl  Lanoeb,  and  Dr.  Fbixdbich  Quingki. 

When  carbon  monoxide  is  passed  over  finely -divided  metallic  nickel 
at  a  temperature  between  350"*  and  450"",  carbon  dioxide  is  formed, 
and  a  black,  amorphous  powder  is  obtained  consisting  of  nickel  and 
carbon.  The  composition  of  this  powder  varies  very  widely  with  the 
temperature  employed,  and  still  more  according  to  the  time  the 
operation  has. been  carried  on.  A  small  quantity  of  nickel  can 
decompose  a  very  large  amount  of  carbon  monoxide.  At  the  com- 
mencement, a  fast  current  of  carbon  monoxide  is  completely  changed 
into  carbon  dioxide  by  a  comparatively  small  quantity  of  nickel. 
By-and-by,  the  change  becomes  less  complete,  but  the  gas  may  be 
passed  for  several  weeks  before  carbon  dioxide  ceases  to  be  formed. 

We  have  in  this  way  obtained  a  product  containing  as  much  as 
85  per  cent,  carbon  and  15  per  cent,  nickel.  By  treating  this 
product  with  acids,  a  certain  portion  of  the  nickel  goes  into  solution ; 
but  we  have  not  been  able  to  extract  the  nickel  completely,  the 
minimum  quantity  remaining  after  treatment  with  concentrated 
Bxdphuric  acid  being  5 '59  per  cent. ;  by  treatment  with  dilute  hydro- 
chloric acid,  9'30  per  cent.* 

In  order  to  determine  the  nickel  in  this  substance,  we  have  heated 
it  with  concentrated  sulphuric  acid  to  about  200"",  and  then  added 
nitrate  of  potash  in  small  portions  to  oxidise  the  carbon.  This  was 
the  only  way  by  which  we  could  obtain  a  perfectly  clear  solution,  and 

*  Gkutier  and  Hallopeau  (Compt.  rend.,  108, 1889, 1  111)  obtained  a  similar  pro- 
duct oontaining  20'06  per  cent,  of  nickel  and  79*95  per  cent,  carbon,  by  acting  with 
bisulphide  of  carbon  on  metallic  nickel. 
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from  this  the  nickel  was  precipitated  in  the  usual  way.  The  corn- 
bastion  of  the  substance  with  copper  oxide  or  lead  chromate  in  a 
cnrrent  of  oxygen  did  not  give  satisfactory  results. 

The  carbon  contained  in  this  substance  is  very  readily  attacked  -by 
steam ;  at  the  comparatively  low  temperature  of  350^,  hydrogen 
and  carbon  dioxide  are  obtained  without  a  trace  of  carbon  mon- 
oxide. 

When  we  allowed  this  substance  to  cool  while  a  cnrrent  of  carbon 
monoxide  was  being  passed  over  it,  we  noticed  that  the  flame  of  a 
Bunsen  burner  into  which  the  escaping  gas  was  introduced  became 
highly  luminous,  and  when  we  heated  the  tube  through  which  the 
gas  passed,  we  obtained  a  metallic  mirror  which  proved  to  be  nickel 
mixed  with  a  small  quantity  of  carbon. 

After  further  investigating  this  subject,  we  found  that  the  gas 
contains  a  compound  of  nickel  and  carbon  monoxide,  which  we 
propose  to  call- nickel-carbon-oxide. 

When  a  finely-divided  nickel,  suck  as  is  obtained  by  reducing 
nickel  oxide  by  hydrogen  at  about  400**  is  allowed  to  cool  in  a  slow 
current  of  carbon  monoxide,  this  gas  is  very  readily  absorbed  as 
soon  as  the  temperature  has  descended  to  about  100^,  and  if  the 
current  of  carbon  monoxide  is  continued,  or  if  this  gas  is  replaced  by 
a  current  of  an  inert  gas  (such  as  carbon  dioxide,  nitrogen,  hydrogen, 
or  even  air)  a  mixture  of  gases  is  obtained  which  contains  upwards 
of  30  per  cent,  of  nickel-carbon-oxide.  After  a  time  (with  a  moderate 
current  of  gas,  about  an  hour),  the  quantity  of  this  compound  g^ven 
off  becomes  less  and  gradually  diminishes  till  it  practically  ceases 
altogether.  Tke  property  of  the  nickel  to  form  this  compound  is 
restored  by  heating  it  again  to  about  iOO"^,  and  cooling  it  down ;  and, 
for  a  time,  it  yields  the  compound  more  abundantly  after  repeated 
use.  When  these  mixtures  of  gases  are  heated  above  150*^,  their 
volume  increases  and  nickel  separates,  which,  according  to  the  tem- 
perature, is  more  or  less  contaminated  with  carbon  resulting  from  the 
action  of  the  nickel  upon  the  carbon  monoxide  generated. 

After  ascertaining  that  at  a  temperature  of  180°  nickel  quite  free 
from  carbon  is  deposited,  we  have  analysed  these  mixtures  of  gases, 
after  absorbing  the  excess  of  carbon  monoxide  by  cuprous  chloride, 
by  passing  them  repeatedly  through  a  capillary  tube  inserted  in 
aniline  vapour  until  the  volume  became  constant,  weighing  the  nickel 
deposited  in  the  tube,  and  ascertaining  the  volume  of  carbon  mon- 
oxide formed  by  this  decomposition.  This  volume  was  found  to  be 
in  the  proportion  of  4  to  "S  to  the  volume  by  which  the  original  gas 
had  been  increased,  thus  proving  that  one  volume  of  our  compound 
gives  4  volumes  of  carbon  monoxide.  We  give  the  result  of  several 
analyses,  which  lead  to  the  formula  Ni(C0)4. 
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For  100  C.C.  of  the  nickol-carbon-oxide  vapoor  (gas  yolume — ^nitro- 
gen) thiB  comes  to — 

(1.)  405-9  C.C.  CO  and  0-2527  gram  Ni. 
(2.)  400-5  C.C.  CO  and  0-2772  gram  Ni. 

The  formula  Ni(C0)4  requires  400  e.c.  CO  and  0-2615  gram  Ni. 
The  vapour  of  nickel-carbon-oxide  when  mixed  with  other  gases  is 
not  acted  upon  by  alkalis  or  acids ;  but  it  reduces  a  solution  of  copper 
chloride  in  ammonia,  which  becomes  first  decolorised  and  subse- 
quently copper  is  precipitated  from  it.  It  also  throws  down  silver  from 
ammoniacal  solutions  of  silver  chloride.  Chlorine  decomposes  it 
with  formation  of  nickel  chloride  and  carbon  oxychloride.  Bromine 
has  a  similar  action.  An  electric  spark  decomposes  it  slowly  into 
nickel  and  carbon  monoxide.  The  presence  of  this  rapour  in  other 
gases  is  very  readily  shown  by  the  luminosity  of  the  Bnnsen  flame 
into  which  it  is  introduced;  very  small  quantities  still  show  red 
luminous  streaks. 

If  a  mixture  of  gases  containing  the  vapour  of  nickel-carbon - 
oxide  is  passed  through  a  tube  placed  in  a  refrigerating  mixture  of 
salt  and  ice,  the  nickel-carbon-oxide  is  condensed  to  a  colourless, 
mobile  liquid  of  very  high  refractive  power. 

To  obtain  some  quantity  of  this  liquid,  a  combustion  tube  is  filled 
ivith  nickel  oxide,  the  oxide  reduced  at  abont  400"*  by  hydrogen,  cooled 
down  to  about  30^,  and  pure  and  dry  carbon  monoxide  is  then  passed 
through  this  tube  without  further  heating  it ;  the  gas  issuing  from  the 
tube  is  passed  thix>ugh  a  Y*^^^  surrounded  by  a  freezing  mixture  of 
salt  and  ice.      The  lower  end  of  this  tube  projects  through  the  vessel 
containing  the  freezing  mixture,  and  is  connected  to  a  small  flask  in 
which  the  condensed  liquid  accumulates.     The  gas,  which  on  leaving 
the  Y"*^^  s*'^^!  contains  about  5  vols,  per  cent,  of  nickel-carbon- 
oxide,  is  collected,  dried,   and  passed  repeatedly  over  the   nickel. 
When  no  more  liquid  condenses,  the  tube  containing  the  nickel  is 
heated  up  to  about  400^  in  a  slow  current  of  pure  hydrogen,  cooled 
down  again,  and  the  operation  recommenced.      In  this  way  we  ob- 
tained from  10  to  15  grams  of  liquid  in  each  operation. 

The   boiling  point  of  this  liquid,  we  found  to  be  43®  at  751  mm. 
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pressure.  Its  sp.  gr.  is  1-3185  at  17°;  at  —  25*^  it  solidiGes,  forming 
needle-shaped  crystals. 

The  liquid  is  soluble  in  alcohol,  but  more  readily  soluble  in 
benzene  and  chloroform.  It  is  not  acted  upon  by  dilute  acids  and 
alkalis  or  by  concentrated  hydrochloric  acid.  Concentrated  nitric 
acid  and  aqua  regia  oxidise  it  readily. 

We  have  determined  the  nickel  in  this  liquid  by  vaporising  it  in 
a  current  of  hydrogen,  and  passing  the  vapour  repeatedly  through  a 
U  -tube  heated  in  aniline  vapour,  and  weighing  the  nickel  deposited ; 
and  the  carbon,  by  passing  the  vapour  in  a  current  of  air  over  copper 
oxide,  and  weighing  the  carbon  dioxide  formed.  We  have  thus 
obtained  the  following  results : — 

I.  00917  gram  substance  gave  00306  gram  nickel  =  33*35  per 

cent. 
II.  00950  gram  substance  gave  0*0316  gram  nickel  =  33*37  per 
cent. 

III.  0*2410  gram  substance  gave  0*2556  gram  GOs  =  66*60  per 

cent.  CO. 

IV.  0*2672  gram  substance  gave  0*2736  gram  CO,  =  65*99  per 

cent.  CO. 

The  formula  N'i(CO)u  requires  34*34  per  cent,  nickel  and  65*66  per 
cent.  CO.  The  difference  between  the  calculated  amounts  and  the 
amounts  found  is  probably  due  to  carbon-  monoxide  dissolved  in  the 
liquid. 

The  vapour  density  of  the  liquid  determined  by  Victor  Meyer's 
method  at  50°  has  given  the  following  figures : — 

0*1052  gram  substance  displaced  14*4  c.c.  air  measured  moist  at 
16°  and  768  mm.  pressure. 

From  this  it  follows  that  the  density  is  601.  The  formula  Ni(C0)4 
requires  5*9.  At  a  temperature  of  60°,  the  vapour  of  the  liquid 
explodes  violently.  This  is  the  first  determination  of  the  vapour 
density  of  a  compound  of  nickel,  and  shows  the  atomic  volume  of 
nickel  to  be  near  58. 

We  have  at  present  no  suggestion  to  ofiTer  as  to  the  oonstitntion  of 
this  remarkable  compound,  but  it  is  our  intention  to  fully  investigate 
this  problem,  and  more  particularly  to  study  its  action  upon  organic 
bodies. 

Numerous  experiments  made  to  obtain  similar  compounds  of 
carbon  monoxide  with  other  metals,  notably  with  cobalt,  iron, 
copper,  and  platinum,  have  only  led  to  negative  results,  although 
they  were  carried  out  at  temperatures  from  15**  to  760*.  In  experi- 
menting with  specially  purified  metallic  cobalt,  we  obtained  in  the 
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begmning  a  small  coloration  of  the  Bnnsen  flame,  wbich  completelj 
disappeared  after  some  time.  In  using  commercial  cobalt,  we 
obtained  a  gas  which  yielded  metallic  mirrors.  These,  however, 
consisted  of  pure  nickel,  and  did  not  show  anj  of  the  reactions  of 
cobalt.  It  seems  thus  possible  to  purify  cobalt  entirely  from  nickel 
by  treating  it  with  carbon  monoxide.  The  metallic  mirrors  which 
we  obtained  from  the  nickel-carbon-ozide  gave  remarkably  pare 
nickel  reactions,  and  did  not  show  a  trace  of  any  of  the  reactions  of 
cobalt.  The  metal  obtained  from  these  mirrors  by  solution  in  acid, 
precipitation  with  ammonia,  and  reduction  with  hydrogen  is  a  grey, 
metallic  powder,  the  specific  gravity  of  which  we  foundjbo  be  8'2834 
at  15-4°  and  82928  at  15*  1°.  The  very  finely  divided  metal  is  easily 
soluble  in  acids. 

We  had  obtained  a  small  quantity  of  this  pure  metal  from  a  con- 
siderable quantity  of  nickel  which  had  been  under  treatment.  It 
appeared  to  us  worth  while  to  approximately  determine  the  atomic 
weight  of  this  pure  metal,  as  this  might  throw  some  light  upon  the 
elementary  nature  of  nickel  and  its  real  atomic  weight,  which  have 
recently  been  called  in  question  by  Kriiss  and  Schmidt,  who 
expressed  tho  opinion  that  the  latter  was  considerably  below 
the  accepted  figure.  If  this  opinion  were  correct,  the  atomic  weight 
of  the  metal  obtained  by  us  would  presumably  differ  considerably 
from  the  figure  obtained  for  nickel  by  previous  investigators.  For 
this  purpose  the  mirrors  obtained  were  dissolved  in  aqua  regia, 
evaporated,  redissolved  in  water,  and  ammonia  added  until  the  liquid 
was  coloured  blue,  filtered,  evaporated  again,  and  heated  in  an  open 
platinum  crucible,  with  access  of  air,  until  the  weight  remained 
constant.  The  nickel  oxide  so  obtained  was  then  reduced  by 
hydrogen  (made  by  electrolysis),  at  a  temperature  of  500**,  until 
the  weight  remained  constant.  In  this  way  the  following  results 
were  found : — 


Beduced.  Atomic  weifi:]it. 

t  "* — >^  oalouLated  for 

(1.)  0-2414  gram  NiO        01896  gram  Ni  58-58 

(2.)  0-3186        „  0-2503        „  5864 

(3.)  0-3391        „  0-2663        „  5852 


ight. 
0-16. 


These  figures  agree  sufficiently  well  with  the  atomic  weight  as 
determined  by  Russell  (=  58-74)  to  justify  the  conclusion  that  the 
old  nickel  as  we  have  known  it  for  a  great  number  of  years  is  a  simple 
substance,  the  atomic  weight  of  which  lies  very  near  to  the  figure 
hitherto  accepted. 
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LI. — The  MUh  of  the  Oamooae.     (Preliminaty  Notice.) 

By  A.  Pappel  and  H.  Deoop  Richmond. 

The  E;2fyptiaii  Gamoose  or  buffalo  (Bos  Bvhdlus)  is  the  same  or  very 
closely  allied  to  that  found  in  India  and  South  Africa,  whence  it 
ori^nally  came,  and  in  Hungary  and  Southern  Europe;  the  milk 
yielded  by  these  animals  is  distinguished  from  that  of  the  oow  by  its 
white  colour  and  peculiar  musk-like  smell;  this  investigation  was 
undertaken  to  ascertain  if  any  essential  chemical  difference  could  be 
found. 

F.  Strobmer  (Ghem,  Centr,,  1888,  478)  has  examined  the  milk  of 
the  buffaloes  found  in  Transylvania,  and  eoncludes  fronr  hiis  amgle 
analysis  that  the  chief  difference  lies  in  the  musk-like  smell  and  the 
high  qaantity  of  fat  (over  9  percent.)  ;  he  finds  no  essential  difference 
in  the  butter,  but  his  examination  was  very  partial ;  we  have  not  been 
able  to  find  any  other  published  statements-  as  to  the  composition  of 
buffalo  milk. 

All  the  results  we  have  obtained  harve  been  from  the  milk  of  animals 
milked  completely  dry  fn  our  presence,  and  the  figures  given  in  this 
paper  are  almost,  without  exception^  averages  of  from  two  to  sixteen 
samples ;  in  those  determinations  where  many  analyses  were  naJMie,  the 
maxima  and  minima  are  dso  given. 

We  find  the  average  composition  to  be  as  follows : — 

Water 84'10  p.  c. 

Pat 6-56    „ 

Sugar 5-41    „    

Casein     ^26    „    cont.  N 0-511  p.c. 

Albumin 060    „         „      0*094   „ 

Salts 1-03       1^^^ ^'^^^   " 

I  Citric  acid  0*300    „ 

Nitrogenoua  bases. .     009   ,y    cont.  N. .  • .  0'035   „  . 
10005 

The  average  density  at  15-5^  (60*  F.)  was  10354. 
The  calculated  figures  for  fat,  sugar,  and  prote'ida  respectively,  em- 
ploying the  formulae  worked  out  by  one  of  us  (T  =  1'17F  4-  0*2635^, 

Analyst,  14,  121 ;    and  P  =  2-8T  -|-  2-5A  -  3-33F  —  O'??,  tio*  y«< 

published),  are — fat,  5*92;  sugar,  6*31 ;  proteids,  4*18;  the  formula 
for  fat  is  not  applicable  in  this  case,  as  the  mean  ratio  between  sugar, 


Solids 
>-  not  fat 
10-34  p.  c. 
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prote'ids,  and  ash  does  not  remain  the  same  as  in  cows'  milk,  and  con- 
sequently the  mean  density  of  the  solids  not  fat  is  altered  (compare 
Vieth,  Analyst,  13,  49).  The  other  formula  gives  very  fair  results, 
showing  that  as  far  as  they  affect  the  density  the  constituents  do  not 
vary  much  from  those  of  cows'  milk. 

The  variations  of  the  fat  were  from  7*35  per  cent,  to  5*15  per  cent., 
and  of  the  solids  not  fat  10'67  per  cent,  to  1007  per  cent. 
The  methods  employed  in  the  analysis  were  as  follows : — 
Total  Solids  and  Water, — Drying  of  about  2  grams  on  the  water- 
bath  and  in  the  water-oven  to  constant  weight,  a  wide  platinum  dish 
being  used. 

Fat. — Adams'  method,  using  the  precautions  laid  down  by  one  of 
QS  (Analyst,  14,  121). 

Sugar, — ^By  polarisafcion,  after  precipitation  with  acid  mercuric 
nitrate  (compare  Wiley,  Amer.  Chem.  J.,  6,  No.  5  ;  and  Vieth,  Analyst^ 
13,  63). 

Casein, — By  precipitation  with  magnesium  sulphate  and  estimation 
of  the  nitrogen  by  Kjeldahl's  method.  This  includes  traces  of 
globulin  not  .estimated  (compare*  Sebelien,  (Zeit,  pkysiol.  Chem,,  13, 
135). 

Albumin, — Precipitation  by  tannin  in  the  filtrate  from  the  casein, 
and  estimation  of  the  nitrogen  by  Kjeldahl's  method  (compare 
Sebelien,  loc.  cit.). 

Ash, — By  calcination  at  the  lowest  possible  temperature  of  the  total 
solids. 

Citric  Acid, — ^By  exact  neutralisation  of  the  filtrate  used  in  esti- 
mating sugar,  collection  of  the  precipitate  produced,  decomposition 
with  sulphuretted  hydrogen,  and  precipitation  of  the  calcium  citrate 
by  boiling  the  solution  obtained. 

Nitrogenous  Ba^es. — Calculated  from  the  difference  between  the  total 
nitrogen  and  that  of  the  casein  and  albumin  (probably  of  very  ap- 
proximate accuracy  only). 

The  amount  of  salts  was  calculated  from  the  ash  minus  the  sumount 
of  phosphoric  anhydride  produced  by  the  combustion  of  the  casein 
plus  the  amount  of  citric  anhydride  calculated  equal  to  the  citric  acid 
found :  to  test  the  validity  of  this  assumption,  the  follovring  experi- 
ments were  made : — 

(a.)' The  phosphoric  anhydride  was  estimated  in  the  ash. 

(Jb)  The  phosphoric  anhydride  was  estimat43d  in  the  precipitate 

produced  by  adding  magnesia  mixture  to  the  milk. 
(c.)  The  phosphoric  anhydride  was  estimated  in  the  precipitate 
produced  by  adding  magnesia  mixture  to  the  milk  after  it 
had  been  mixed  with  one-third  of    its    bulk    of   strong 
ammonia,  and  filtered. 
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The  amomits  obtained  were : — 

(a.)  0-276  per  cent.  PaOs- 
(b,)  0190        „ 
(c.)  0188 

Taking  the  average  of  (h)  and  (c),  tbe  difference  between  the  two 
estimations  was  0*087  per  cent.  PaOs,  tbe  amonnt  calculated  equiva- 
lent to  tbe  citric  acid  was  0*090  per  cent.,  and  tbe  amount  equivalent 
to  tbe  casein  was  0*077  per  cent. ;  tbese  amounts  may  be  taken  as 
sensibly  equal,  altbougb  that  calculated  from  the  casein  does  not 
agree  as  well  as  might  be  desired,  and  we  consider  we  are  justified  in 
calculating  tbe  salts  existing  in  tbe  milk  as  we  have  done  (oompare 
Solduer,  Lantiw,  Versuchs.  Stat.,  35,  351). 

Observations  were  made  on  tbe  change  of  density  observed  by 
Recbnagel  and  Yieth  (Analyst,  14,  69)  with  cows'  milk;  we  took  tbe 
density  as  soon  as  possible  after  milking,  8  hours  after,  and  24  hours 
after,  with  the  following  results  : — 

Increase  in  8  boors.  Increase  in  24  boors. 

0-0006  0*0007 

The  rise  is  not  so  great  as  that  noticed  by  tbe  above-named  ob- 
servers, and  is  nearly  complete  in  eight  hours,  the  temperature  being 
from.  15 — 20'' ;  in  all  cases  the  highest  figure  has  been  taken  as  the 
normal  one  and  used  in  the  calculation  of  the  fat,  &c, 

Gamoose  milk,  then,  differs  from  that  of  the  cow  not  only  in  the 
high  percentage  of  fat  and  the  musk-like  smelly  but  also  in  the  high 
amount  of  solids  not  fat,  this  increase  being  largely  due  to  the 
sugar. 

Various  constituents  of  this  milk  were  prepared  and  examined. 

The  Fat. — As  already  stated,  Strohmer  did  not  find  any  essential 
difference  between  tbe  fat  of  buffaloes*  milk  and  that  of  cows'  milk  ;  in 
a  paper  published  in  tbe  Eevue  Egyptienne  No.  1,  p.  7,  one  of  us 
expressed  an  almost  similar  opinion,  but  the  examination  in  each  case 
was  only  partial ;  we  now  find  that  differences  exist,  the  most  striking 
being  the  existence  of  sulphur  in  such  quantities  as  to  instantly 
blacken  a  silver  dish  if  saponified  therein;  we  have  also  found 
phosphorus  as  an  essential  constituent ;  the  quantities  being : — 

Salphar    005  per  cent. 

Phosphorus 0*01         „ 

Of  the  sulphur  a  quantity  equivalent  to  0*01  per  cent,  was  found  in 
the  distillate  by  the  Reichert-WoUny  method. 
The  following  numbers  have  been  determined  :— 
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Potaeh  required  for  saponification 22*04  p.  c. 

=  Saponification  equivalent    254*60 

Insolable  fattj  acids    87*50  „ 

01  which  the  mean  combining  weight    270*50 

„  ,y      iodine  absorption •     41'80  „ 

„  „       amount  of  acids  giving 

lead  salts  soluble  in  ether 45*70  „ 

Of  mean  combining  weight. . . .    297  (?) 

Of  iodine  absorption    65*10  p.  c. 

Iodine  absorption  of  fat 3500  „ 

**  Oleic  *'  acids  calculated  from  the  iodine 

absorption  of  fat 35*10 

"  Oleic  "  acids  calculated  from  the  iodine 

absorption  of  fatty  acids 38*10 

"  Oleic  "  acids  calculated  from  the  iodine 
absorption  of  fatty  acids,  of  which  the 

lead  salts  are  soluble  in  ether 34*60 

Acids  of  which  the  lead  salts  are  soluble 
in  ether  and  do  not  belong  to  the 

"  oleic  "  series 11*10  „ 

Acids  of  the  "  stearic  "  series 41*80  „ 

Soluble  fatty  acids  calculated  as  butyric       6*09  ,, 
Reichert-WoDny  figure  =  about  5*0  p.  c.  ^ 

acids  as  butyric 25*40  c.o.  y-  alk. 

Mean  combining  weight  of  B.-W.  acids     92*30 

Approximate  composition — 

Butyric  acid    80  p.  c. 

Caproic  acid 20   „ 

Ratio  4  :  1 
Mean  combining  weight  of  acids  soluble 

in  boiling  water  but  not  volatile  with 

steam 160  (?) 

Olycerol  estimated 11*97  p.  c. 

Glycerol  calculated  from  potash  required 

for  sapouification 12*02    „ 

Very  little  explanation  of  the  details  of  the  methods  employed  is 
necessary,  as  those  of  Hehner,  Koettstx>rfer,  and  Hiibl,  Ac,  were 
followed  without  modification;  the  glycerol  was  estimated  in  the 
liquid  left  in  the  flask  after  a  Beichert-Wollny  determination  by  the 
method  due  to  Hehner  (Analyst^  12,  44). 

The  variations  of  the  insoluble  fatty  acids  found  are  87*2  per  cent. 
to  8S'8  per  cent. 

The  chief  differences  we  have  noticed  are : — 
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(i.)  The  presence  of  small  qnantities  of  salpbnr  and  phosphoras ; 

we  have  not  yet  been  able  to  determine  in  what  form  they 

exist,  bnt  are  pnrsning  tbe  inyestig&tion. 
(ii.)  The  small  Beichert-Wollny  figure  as  compared  to  the  solnble 

fatty  acids ;  this  indicates  a  qoantitj  of  fatty  acids  solnble 

in  boiling  water,  but  not  volatile,  much  larger  than  tbat  of 

cows'  milk.      .    . 
(iii.)  The  presence  of  fatty  acids  giving  lead  salts  soluble  in  ether, 

bat  not  belonging  to.  the  '^  oleic  "  series, 
(iv.)  The  difference  in.  the  ratio  between  butyric  and  oaproic  acid : 

4  :  1  instead  of  2  :  1  (compare  Duclaix,  Le  Lait,  Appendix, 

and  Wollny,  Analyst,. 13,  8). 

Among  minor  differences  are  the  colour,  whicb  is  quite  white,  the 
more  or  less  tallowy  taste  and  smell,  and  tbe  invariable  presence  of 
free  acid  in  small  amount. 

From  the  close  agreement  between  the  quantity  of  glycerol  found 
and  that  calculated,  it  is  evident  that  other  alcohols  do  not  exist  in 
appreciable  quantities. 

The  method  adopted  in  preparing  the  butter  was  to  allow  the  milk 
to  stand  for  eight  hours,  to  take  off  the  cream,  and  shake  it  in  a  bottle 
with  some  water,  to  wash  the  resulting  butter,  and  to  finally  melt  it  at 
as  low  a  tempei*atare  as  possible  and  filter  the  fat. 

TJie  Sugar. — Milk  was  precipitated  by  4  per  cent,  of  "  acid  mer- 
curic nitrate,"  prepared  after  Wiley's  directions  (loc.  cit»),  and  the 
clear  filtrate  was  exactly  neutralised  with  caustic  soda  (phenol phtha- 
lein  being  used  as  indicator),  the  precipitate  being  filtered  off  and 
used  for  the  preparation  of  citric  acid  (see  below)  ;  through  the  filtrate 
was  passed  sulphnretted  hydrogen,  and  the  mercuric  sulphide  filtered 
off ;  the  filtrate  being  then  neutral  to  methyl-orange,  but  faintly  acid 
to  litmus ;  this  was  concentrated  until  all  the  sulphuretted  hydrogen 
had  passed  away,  a  very  slight  amorphous  precipitate  separating; 
after  concentration,  it  was  divided  into  two  parts,  one  being  concen- 
trated at  100°  until  it  began  to  crystallise,  and  then  left  in  a  vacuum 
over  sulphuric  acid,  and  to  the  other,  two  volumes  of  alcohol  were 
added,  and  this  was  concentrated  in  a  vacanm  over  sulphuric  acid; 
each  of  the  sugars  obtained  in  this  way  was  recrystallised  three  times 
and  the  following  figures  determined : — 


[-]». 

K, 

S. 

ra;- 

From  water. . .  • 

48-6° 

73-6 

3-94 

1-514 

From  alcohol  . . 

487 

73-8 

3-94 

1-515 

S  is  the  influence  of  1  pfram  in  100  c.c.  on  the  density  at  15*5",  the 
density  of  water  being  taken  as  1000. 
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The  mother  liquors  mixed  gave :— ^ 

60-2*  77-3  1-54 

The  figures  for  the  rotatory  and  cupric-reducing  powers  are  some- 
what doubtful  as  absolute  numbers,  as  the  quantity  of  salts,  chiefly 
sodium  nitrate  in  this  solution,  which  very  large 'y  exceeded  the  sugar, 
rendered  the  exact  determination  of  the  amount  of  sugar  difficult, 
but  the  ratio  between  the  two  figures  is  sufficiently  close  to  that  given 
by  the  pure  sugars  to  indicate  that  only  one  sugar  is  contained  in  the 
milk. 

This  sugar  gives  dextrose  only  on  hydrolysis,  as  is  shown  by  the 
following  figures : — 

531*  rOO-5  1-893 

It  undergoes  inversion  with  great  readiness,.as  is  shown  by  a  deter- 
mination of  the  cupric-reducing  and  rotatory  power  in*  a  solution 
which  was  heated  for  five  minutes  with  a  trace  of  acid  (not  more  than 
0*1  per  cent.),  which  had  accidentally  fallen  into  the  solution  : — 


[•-]»» 


w 


Id- 


52-3''  96-3  3»93  1-841 

These  figures  approach  those  of  dextrose,  and  correspond  almost 
exactly  to  a  mixture  of  87  per  cent,  of  dexti-ose  with  13  per  cent,  of 
this  sugar. 

This  sugar  is  not  identical  with  that  of  cows'  milk;  and  by  permis- 
sion of  His  Highness  Mahommed  Tewfik  Pacha,  Khedive  of  Egypt, 
we  propose  to  call  it  "  tewfikose." 

As  we  have  found  that  animals  so  closely  allied  as  the  cow  and  the 
buffalo  give  in  their  milk  different  sugars,  we*  consider  that  it  will  be 
worth  while  to  examine  more  closely  than  has  hitherto  been  done  the 
milk  of  other  animals,  and  we  propose  to  undertake  the  examina- 
tion of  the  animals  which  are  found  in*  Egypt. 

The  Albuminoids  do  not  appear  to  differ  very  materially  from  those 
of  cows'  milk ;  we  have  not  been  able  to  obtain  as  high  a  percentage 
of  nitrogen  as  from  cows'  milk  (15*7  percent.)  ;  but,  as  our  results  are 
not  constant,  we  refrain  from  giving  any  figures  at  present;  the 
amount  of  phosphorus  appears  to  be  rather  higher. 

Oitric  Add. — We  prepared  citric  acid  from  the  milk  by  a  method 
sabstantially  the  same  as  that  used  in  the  estimation,  and  havecharac- 

3  s  2 
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terised  the  citric  acid  ;  a  determination  of  oalcinm  in  the  calciaaoL  salt 
gave:— 

Ca 24*4  per  cent.  Theory 241  per  cent. 

We  are  now  continuing  the  invefltigation,  and  wish  to  reserve  to 
ourselves  the  work  of  determining  the  composition  of  the  various 
constituents  of  gamoose  milk,  but  we  invite  other  chemists  who  may 
have  the  opportunity  to  assist  us  in  determining  the  purely  analytical 
figures  in  order  to  establish  limits. 

We  have  to  express  our  thanks  to  Mr.  Hussein  Off  for  assistance 
in  our  work. 

Khedival  Laboratortj^ 
Cairo. 


LII. — The  Interaction  of  Iodine,  Water,  and  Potassium  Chlorate. 
By  Hknrt  Bassbtt. 

Having  occasion  some  three  or  four  years  ago  to  prepare  some 
quantity  of  iodic  acid,  I  made  use  of  the  excellent  method  given  by 
Millon  at  the  beginning  of  his  elaborate  paper  on  iodic  acid  and 
iodates  (Ann.  Chim.  Phys.  [3],  9,  400, 1843) ;  but  the  results  of  the 
first  trial  were  so  widely  different  from  his  description  as  to 
necessitate  further  experiments.  The  usual  accounts  of  the  prooess, 
repeated  pretty  uniformly  in  most  books,  represent  the  action  aH  a 
direct  displacement  of  the  chlorine  by  an  equivalent  of  iodine ;  but 
my  experiments  lead  to  such  a  different  interpretation  as  to  induce 
me  to  bring  them  before  the  Society^ 

The  directions  given  by  Millon  are  as  follows : — 

80  parts  of  iodine, 
75         „       potassium  chlorate, 
1         „       nitric  acid, 
400        „       wator, 

**  are  placed  in  a  flask  of  sufficient  capacity.  The  flask  is  heated  to 
boiling,  and  removed  from  the  lamp  as  soon  as  the  chlorine  begins  to 
be  abundantly  liberated." 

In  the  first  experiment  made,  75  grams  of  potassium  chlorate  were 
dissolved  in  400  c.c.  of  water  with  1  c.c.  of  nitric  acid,  and  heated  to 
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about  80°.  Then  the  prescribed  80  grams  of  iodine  were  added,  not 
all  at  ODce,  but  by  degrees.  Under  these  circumstanoes,  the  iodine 
dissolved  slowly  at  first,  but  quicker  and  quicker  at  each  additioiy 
till  the  whole  had  disappeared,  but  without  any  evolution  of  chlorine 
beyond  a  very  slight  indication  at  the  lasty  when  the  liquid  was 
nearly  boiling.  At  each  addition  of  iodine,  a  peculiar  greenish- 
yellow  colour  appeared  in  the  liquid,  which  very  soon  vanished — no 
doubt,  due  to  chlorous  acid. 

Finding  that  the  liquid  would  strll  take  up  iodine,  I  added 
gradually  30  grams  more,  when  it  became  of  a  permanent  orange^ 
yellow  colour.  Then  added  more  chlorate  till  the  colour  disappeared, 
the  quantity  required  being  14  grams.  The  total  proportions  used 
were,  therefore,  110  grams  of  iodine  and  89  g]*ams  of  chlorate. 

On  cooling,  a  large  quantity  of  well-crystallised  biniodate  of 
potassium  was  deposited.  On  boiling  down  the  mother  liquor  from 
this,  a  steady  efEervescence  of  chlorine  began  when  somewhat  con- 
centrated, accompanied  when  getting  nearly  dry  by  brownish  vapours 
of  iodine  chloride. 

The  salt  dissolved  in  water,  and  precipitated  hot  by  barium  nitrate, 
gave  a  large  quantity  of  crystalline  barium  ibdate.  I  must  here 
mention  a  very  curious  fact  already  noticed  by  Gay-Lussac  in  his 
magnificent  research  on  iodine  (Annalen^  91,  6,  1814).  The 
barium  iodate,  after  drying  over  sulphuric  acid,  when  heated  in" 
the  water-oven,  loses  1*8  per  cent,  of  hygroscopic  water,  and  when 
taken  out  and  exposed  to  the  air,,  the  crystals  are  seen  under  a 
magnifier  to  be  in  a  state  of  violent  agitation  and  disruption, 
throwing  up  a  fine  powder,  which  settles  all  round  the  mass,  looking 
as  if  a  sublimate  had  condensed  there.  Gtiy-Lussac  refers  to  this  as 
occurring  during  drying,  but  it  really  happens  on  cooling  after 
drying,  and  is  accompanied  by  an  increase  of  wefght,  and  in  some 
hours  all  the  original  loss  is  made  up.  Some  specimens  do  not 
behave  in  this  way  at  all,  and  others  only  in  a  less  d'egi'ee. 

The  next  experiment  was  made  with — 

6  grams  of  iodine, 
6        „        chlorate, 
30         „        water, 
0*03         „        iodic  acid, 

mixed  all  at  once,  and  heated  up  gradually  to  50 — GO*',  when 
solution  began — kept  at  66*  till  all  the  iodine  dissolved,  which  took 
about  two  hours,  the  action  being  very  slow  at  this  temperature.  No 
chlorine  was  given  off. 

Next  day  the  solution  was  poured  off,  and  tbe  crystalline  deposit 
washed  with  a  little  water.      The  solution  waa  foond  to  be  very 
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Btiongly  acid.  Neutralised  mth  barium  hydrate,  filtered  from  the 
small  qiiantity  of  barium  iodate  precipitated,  and  made  up  to 
«00  ctc. 

20  c.c.  precipitated  with  silver  nitrate  gave  0*475  gram  AgCl. 

20  c.c.  evaporated  'to  dryness,  and  heated  strongly  to  complete 

decomposition,   redissolved  in   water,  and   precipitated  with 

silver  nitrate,  gave  0*566  gram  AgCl. 

Now  566  :  475  :  :  6  :  504,  indicating  that  one-sixth  of  the 
potassium  chlorate  remains  in  excess  unacted  upon  by  the  iodine 
used.  This  was  con6rmed  by  saturating  filter-paper  with  the  solution, 
:and  drying,  wh^n  it  burnt  with  defiagrartion. 

Experiment  3. 

*6  grams  of  iodine, 
5        ,y        chlorate, 
^0       .„        watw, 
1  drop  of  nitric  acid, 

•mixed  all  at  once,  and  heated  to  80°.  The  iodine  rapidly  dis- 
solved without  evolution  of  chlorine,  and  the  resulting  solation  was 
colourless.  Then  added  0*1  gram  of  iodine,  which  dissolved  witli 
yellow  colour,  which  soon  disappeared.  Another  decigram  of 
iodine  gave  the  same  result,  and  again  a  third,  but,  on  adding  more, 
the  yellow  colour  was  permahent. 

The  equation  indicated  by  these  experiments  is — 

6I»  +  lOKCiO,  +  6H,0  =  6KHI,0e  +  4KC1  +  6HC1, 

wliich  leads  exactly  (to  the  proportions — 61  parts  iodine  to  49  parts 
potassium  chlorate,  which  are  confirmed  by  the  quantities  arrived 
at   in   the    first    experiment    by  a  purely  tentative    method,   viz., 
110  grams  of  iodine  and  89  grams  of  chlorate. 
2^0w  61  :  49  :  :  110  :  88-4. 

Experiment  4. 

^*1  grams  of  iodine, 
4*9        „       chlorate, 
30  „        water, 

1  c.c.  of  dilate  nitric  acid, 

mixed,  and  heated  to  80°  in  a  long-necked  flcuk.  Golonrliss 
solution  formed  with  no  evolution  of  chlorine.  Added  water,  and 
made  up  to  250  c.c.  when  cold.  50  c.c.  of  this  gave  on  titration 
nambers  corresponding  to  2  548  grams  NaiGOs  for  the  wholo 
solution,  that  is,  for  the  product  from  4*9  grams  of   potaasium 
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chlorate  (allowing,  of  coarse,  for  tbe  1  c.c.  dilute  nitric  acid).  The 
equation  above  requires  2*544  grams. 

After  the  above  experiments  were  finished,  I  happened  to  refer  to 
the  account  of  the  process  given  in  Schutzenberger's  Trait4  de 
ChinUe  OenSralej  which  concludes  as  follows  : — 

^*  If,  instead  of  heating,  we  operate  in  the  cold,  we  may  sucoeed  in 
dissolving  all  the  iodine  without  liberation  of  chlorine.  In  fact,  the 
displaced  chlorine  oxidises  tho  iodine  in  presence  of  water,  yielding 
iodic  and  hydrochloric  acids — 

"  5Cla  +  5H2O  +  I,  =  lOHCl  +  I2O5, 

from  which  it  follows  that  we  may  diminish  the  proportion  of 
chlorate,  for  we  have — 

"  lOKClO, '+  61,  +  5H,0  =  lOHCl  +  lOKlO,  +  1,0,." 

It  will  be  seen  that  this  equstion  amounts  to  much  the  same  thing 
as  that  previously  given,  and  I  was  at  first  under  the  impression  that 
there  was  perhaps  nothing  new  in  my  results.  Finding,  however,  on 
making  the  experiment  that  no  action  whatever  happened  in  the 
oold  even  after  several  weeks,  I  last  year  determined  to  look  into  the 
matter  more  fully. 

In  order  to  Account  for  the  evolution  of  chlorine  which  Millon 
must  undoubtedly  have  observed,  some  experiments  were  made 
exacily  as  described,  that  is,  by  mixing  the  ingredients  all  at  once, 
and  heating  to  boiling.  Under  these  circumstances,  when  using 
quantities  of  40  or  50  grams  of  iodine,  it  was  found  that  at  a  certain 
point  a  violent  action  was  set  up,  with  evolation  of  some  quantity  of 
ohlorine,  accompanied,  of  course,  by  much  vapour  of  iodine  and 
iodine  chloride ;  but  this  only  occuiTed  after  a  considerable  quantity 
of  iodine  had  been  dissolved,  and  is,  doubtless-,  owing  to  the  rapid 
formation  of  iodic  and  hydrochloric  acid  in  the  dense  mass  of  iodine 
at  the  bottom  of  the. flask  causing  a  secondary  action: — 

HIO,  +  5HC1  =  3H.0  +  ICl  +  2C1„ 

This  action  was  soon  checked  on  reducing  the  temperature  by 
dipping  the  flask  in  water  for  a  short  time,  but  the  dissolution  of  the 
iodine  still  went  on  rapidly  without  further  evolution  of  chlorine. 

This  is  an  important  point,  as  it  is  obvious  that  if  the  evolution  of 
eblorine  were  due  to  direct  displacement  by  the  iodine  as  usually 
represented,  it  would  begin  and  continue  concurrently  with  the  more 
or  less  rapid  solution  of  the  latter. 

'  At  the  commencement  of  Miilon's  paper,  already  referred  to,  he 
Mentions  incidentally  a  former  paper  on  the  subject,  which  does  not 
seem  to  be  so  well  known.     This  is  *'  On  the  Action  of  Iodine  on 
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Potassinm  Chlorate  "  (Oompt  rend.,  12,  258,  1841),  and  I  make  the 
following  short  extracts  from  it : — 

"  Potassinm  chlorate  is  dissolved  in  three  or  fonr  times  its  weight 
of  water,  and  heated  to  boiling.  Iodine  then  added  dissolves  in 
considerable  quantity,  the  solation  remaining  colonrless  so  long  as 
not  mach  more  than  one  equivalent  to  one  of  chlorate  is  added. 
After  this  point,  the  liquid  becomes  yellow,  then  brown.  The  final 
result  is  neutral  potassium  iodate,  and  more  or  less  iodised  chloride 
of  iodine.  Evaporation  to  dryness  gets  rid  of  the  latter,  leaving 
pure  potassium  iodate." 

Then  follow  some  details,  and  a  very  curious  explanation  of  the 
probable  action,  concluding : — 

"  The  reaction  may  be  represented  thus — 

"5KC10s  +  61  =  5KI0,  +  ICU." 

He  then  refers  to  '*the  interesting  modification  of  the  reaction 
iiiduced  by  the  addition  of  a  few  drops  of  acid  to  the  mixture  •  ,  .  . 
.  .  an  action  much  more  lively  than  that  occurring  between  iodine 
and  chlorate  alone at  the  same  time,  an  abundant  dis- 
engagement of  chlorine  takes  place,  and  on  afterwards  evaporating 
to  dryness  a  very  pui'e  potassium  iodate  is  obtained." 

Further  on,  he  says,  *'  the  chloride  of  iodine  which  is  an  essential 

product  of  the  first  reaction is  scarcely  formed  at  all  under 

the  influence  of  the  nitric  acid,  so  rapid  is  the  evolution  of 
chlorine." 

Lastly. — "To  prove  the  exactness  of   these  reactions 

]  0  grams  of  dry  potassium  chlorate,  treated  by  a  sufficient  quantity 
of  iodine  and  a  drop  of  nitric  acid,  and  evaporated  to  dryness,  gave 
a  residue  of  17'3  grams  of  perfectly  white  potassinm  iodate— theory 
requiring  17*4  grams. 

^'1*805  grams  of  this  decomposed  by  heat  gave  1'389  grams 
potassium  iodide — ^theory  requiring  1*399." 

No  equation  is  given  for  the  modified  reaction. 

Experiments  were  then  made  without  the  addition  of  acid,  and  the 
iii*st  point  noticed  was  that  in  many  cases,  but  not  always,  the  iodine 
coloured  the  liquid  brown  without  any  further  action  taking  place 
for  a  considerable  time,  even  when  boiled.  In  one  caso,  no  change 
occurred  for  more  than  an  hour  at  80^,  but  then  the  liquid  became 
suddenly  colourless,  and  the  solution  of  the  iodine  went  on  rapidly. 
The  introduction  of  the  least  possible  trace  of  acid,  however,  always 
caused  instantaneous  decolorisation. 

Experiments  made  side  by  side,  with  and  without  addition  of  acid, 
showed  no  difference  in  behaviour  after  the  action  was  once 
started. 
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I  then  proceeded  to  the  examination  of  the  results  obtained  bj 
evaporating  the  solution  to  dryness.  A  nnmber  of  preparations 
were  made,  using  always  6'1  grams  of  iodine,  49  grams  of  chlorate, 
and  about  40  c.c.  of  water  (without  any  addition  of  acid). 

These  mixtures  were  placed  in  bulb- tubes,  the  necks  drawn  ofF 
and  sealed,  and  then  heated  in  a  water-bath  at  from  80*  to  100^  with 
occasional  agitation,  till  all  iodine  had  disappeared,  and  the  solutions 
were  nearly  or  quite  colourless.  On  cooling,  a  considerable  quan- 
tity of  white  salt  was  deposited.  In  no  case  was  any  chlorine  found 
on  opening  the  tubes.  The  contents  of  each  bulb  were  then  dissolved 
in  cold  water,  and  made  up  to  500  c.c. 

Three  of  these  original  solutions  were  titrated  cold  with  sodium 
carbonate,  using  methyl-orange  as  indicator,  and  gave  numbers  cor- 
responding to  2-636,  2-633,  and  2638  grams  of  Na^COs  for  the  whole 
solution,  confirming  the  first  experiment  for  the  total  acidity. 

All  subsequent  analyses  were  calculated  in  the  same  way  to  cor- 
respond to  4*9  grams  KClOj. 

The  solutions  were  evaporated  to  dryness  on  the  water-bath  in 
flat  dishes,  in  quantities  of  50  or  100  c.c.  When  approaching  dry- 
ness, chlorine  was  given  off,  and  also  some  chloride  of  iodine,  which 
gave  a  yellow  colour  to  the  residue.  On  the  addition  of  a  few  drops 
of  water,  again  drying,  and  repeating  this  process  5  or  6  times,  a  per- 
fectly white,  odourless  residue  was  obtained,  which  was  dried  in  the 
water-oven  till  the  weight  was  constant. 

Fifteen  experiments,  of  which  the  exiveme  results  only  varied 
1  per  cent.,  the  majority  being  much  closer,  gave  a  mean  weight  of 
9-919  grama  for  49  grams  KCIO,. 

Supposing  the  residue  to  be  pure  potassium  iodate,  it  should  weigh 
8'56o  grams,  but  on  examination  it  was  found  to  be  acid,  and  to 
contain  chlorine. 

On  titration,  seven  closely  agreeing  experimeitts  gave  a  mean 
result  corresponding  to  I'lGO  grams  NajCOs  for  4'9  grams  KClOj. 
Tbe  chlorine  and  iodine  were  determined  as  follows  : — 
To  a  dilute  solution,  pure  sodium  bisulphite  was  added  gradually  to 
slight  excess,  that  is,  till  the  iodine,  liberated  at  first,  disappeared. 
Then  added  silver  nitrate  and  a  sufficient  quantity  of  nitric  acid  and 
lieated  moderately  with  stirring.  The  resulting  precipitate  of 
Agi  -I-  AgCl  was  then  washed,  dried,  and  weighed. 

Two  experiments  gave  weights  corresponding  to  12-857  grams  and 
12-900  grams  for  4*9  grams  KClOa. 

Further  experiments  were  then  made  as  follows  : — 
The  mixed  precipitates  obtained  as  above  were,  after  washing,  rinsed 
into  a  beaker,  and  digested  at  a  gentle  heat  with  hydrochloric  acid 
aud  potassium  chlorate  for  an  hour  or  two.     Then  added  hot  water, 
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boiled  for  a  few  mi  nates,  aad  allowed  to  stand  till  next  day,  when 
the  liquid  was  quite  bright.  Then  washed,  dried,  and  weighed  the 
residue  of  AgCl  +  AgCl. 

Three  experiments  gave  weights  corresponding  to  8'871  grams, 
8'865  grams,  and  8'900  grams  for  4*9  grams  KCIO3. 

The  method  is  very  satisfactory  with  a  little  care;  the  most 
important  precaution  being  to  avoid  making  the  redaction  in  a  strong 
light,  for  reasons  to  which  I  need  not  now  refer. 

These  results  lead  to  the  following  equation,  expressing  the 
decomposition  on,  evaporating  the  original  solution  to  dryness  : — 

12KHI,05  +  8KCI  +  12H01  =  11KHI,0.  +  9KCI  +  6HaO 

+  ICl  +  ICl,HCl  -^  4C1,. 

The  theoretical  numbers  calculated  from  this  for  4*9  grams 
KCIOb  are  :— 

Mean  found. 
Gnunt.         grams. 

Weight  of  the  residue  11KBI,0,  +  9KCi. . . .  9921  9919 

NaaCOj  required  to  neutralise  do 1*166  1*160 

Mixed  silver  salts  from  do.  =  22AgI  +  9AgCl  12*923  12*879 

Do.  after  chlorination  =  22AgCl  +  9AgCl  .  •  8*897  8*879 

The  next  step  was  to  try  the  effect  of  higher  temperatures  on  the 
residue  from  the  water-bath.  It  was  found  impossible  to  arrive  at 
any  definite  results  by  heating  in  dishes  on  a  sand-bath,  and  an  ikir- 
bath  at  a  uniform  temperature  of  250^  was  then  tried,  but  the  heat 
was  not  sufficient. 

Several  experiments  were  then  made  in  b alb- tubes  plugged  with 
asbestos.  The  decomposition  showed  three  well  marked  stages.  At 
first  the  bulb  was  filled  with  brown  vapours  of  chloride  of  iodine, 
soon  replaced  by  violet  iodine  vapour,  which  in  its  turn  was  expelled 
by  large  quantities  of  oxygen. 

On  examination  of  the  final  residue  it  was  found  invariably  to 
contain  about  3  per  cent,  of  potassiam  chloride,  the  separation  of  the 
iodine  being  made  directly  by  palladium  so  as  to  avoid  any  doubt 
which  might  arise  from  the  employment  of  an  indirect  method.  I 
refrain  from  giving  any  symbolical  e-xpressions  for  these  final  decom- 
positions, though  I  believe  that  the  analytical  results  obtained  give 
reasonable  indications  of  such  expressions;  but  they  are  rendered 
inexact  by  several  causes,  among  which  I  may  mention  the  corrrosion 
of  the  glass  by  the  fused  salt,  which  was  found  to  contain  silica,  and 
also  by  a  secondary  action  of  which  I  obtained  distinct  evidence, 
and  to  which  I  hope  to  have  occasion  to  refer  in  a  future 
communication. 
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M7  best  thanks  are  due  to  Mr.  E.  Fielding  for  his  able  assistance 
in  the  earlier  experiments,  and  to  Mr.  F.  A.  Manning  for  the  nse  of 
his  laboratory. 


UII. — The  Action  of  Heat -on  the  Chlorides  and  Hydroxides  of  Mixed 
QuatertMry  Ammonium  '"Compounds, 

By  N.  CoLLiB,  Ph.D.,  and  S.  B.  Schrtvee,  B.Sc. 

Thh  object  of  the  following  work  was  to  obtain,  if  possible,  a 
geneiul  method  for  preparing  the  mixed  tertiary  amines.  One  of  ns 
(Collie,  Trans.,  1888,  714—726)  has  fonnd  that  by  the  action  of  heat 
upon  the  quaternary  phosphoninm  contpounds  'various  mixed  tertiary 
phosphines  could  be  prepared,  and  the  following  results  show  dis- 
tinctly a  marked  analogy  between  the  compounds  of  nitrogen  and 
those  of  phosphorus. 

Hofmann  has  already  pointed  out  that  when  the  hydroxides  of 
mixed  quaternary  ammonium  compounds  coutainmg  ethyl-groups 
are  heated,  invariably  one  of  the  ethyl-groups  is  eliminated  in 
the  form  of  ethylene  (Hofmann,  Awialen,  IB,  282—284,  and  79, 
12—16)  :— 

(C.H0,(C5Hn)N-OH  =  (CaH,),(C»H„)N  +  CH^  +  H.O. 
(C,HOa(CH,)(C,HxON-OH=  (C,H.)(CH,)(C,H„)N  +  C^il,  +  H,0. 

And  Lessen  (Anncden,  81,  876—383)  confirms  the  results  of  Hof- 
mann with  regard  to  the  action  of  heat  on  the  mixed  etliylmethyl- 
ammoniam  hydroxides. 

He  has  also  tried  the  action  of  heat  on  some  of  the  corresponding 
chlorides  with  the  following  results  : — 

(CaH5)3(CH,)NCl  =  (CaH5),(CH3)N  +  CH^Cl, 

also  (CaHO,N  -h  CH,C1. 
(C,H0(CH,)3NC1  =  (C,H5)(CH,),N  +  CH,CL 

But  none  of  the  mixed  tertiary  amines  thus  prepared  was  obtained 
in  the  pure  state ;  both  Hofmann  and  Lossen  being  content  to  con- 
vert them  back  again  into  quaternary  ammonium  compounds,  and 
analyse  the  platinum  salts. 

There  was  therefore,  no  doubt  that  mixed  tertiary  amines  could 
be  prepared  both  from  the  hydroxides  and  chlorides  of  the  mixed 
quaternary  ammonium  compounds,  and  a  wider  field  for  investigation 
ivas  opened  with  the  ammonium  compounds  than  with  the  corre- 
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spondiBg  phosplioiimm-derivatives.  For  the  quaternary  phospHoninm 
chlorides  alone  yielded  mixed  tertiary  phosphines  when  decomposed 
by  heat : — 

(aH5)3(aH„)PCl  =  (C,H,)2(C,Hn)PHCl  +  C,H4, 

whilst  the  hydroxides,  owing  to  the  great  affinity  of  phosphoros 
for  oxygen,  always  gave  tertiary  phosphine  oxides  : — 

(aH5)3(C7H0N-OH  =  (C,H5),P0  +  CtHb. 

In  the  present  work,  we  have  always  used  as  a  starting  point 
either  trimethylamine  or  triethylamine,  and  from  these  tertiary 
amines  we  have  prepared  the  qnaternary  ammonium  compounds  by 
heating  an  alcoholic  solution  of  the  amine  with  the  iodide  or  chloride 
of  primary,  secondary,  or  tertiary  hydrocarbon  radicles  of  the 
Cn^vt+i  series.  The  action  of  heat  on  the  quaternary  ammonium 
compounds  containing  the  radicles  allyl,  benzyl,  and  phenyl  has  also 
been  studied^ 

The  trimethylamine  and  triethylamine  were  prepared  by  the  action 
of  heat  on  tetramothylammonium  and  tetrethylammonium  chlorides ; 
these  salts  decompose  quantitatiyely  when  heated  as  follows: — 

R4NCI  =  R3N  +  ROl. 

The  free  amine  was  collected  in  hydrochloric  acid,  and  the  hydro- 
chlorides thus  obtained  were  concentrated  to  the  consistency  of  a 
syrup.  Portions  of  th«  salt  were  decomposed  from  time  to  time  with 
saturated  caustic  soda  solution,  and  the  free  tertiary  amine  distilled 
into  dry  alcohol* 


I. — Mixed  Quatbenart  Ammonium  Compounds  Produced  from 

TRlMETHYLilMINE. 

The  Action  of  Meat  on  Trimethylethylammowium  Chloride, 

This  salt  was  prepared  from  a  strong  alcoholic  solution  of  tri- 
methylamine by  adding  ethyl  iodide,  and  converting  the  iodide  thus 
formed  into  the  chloride.  An  analysis  of  the  iodide  was  made 
(iodine  found  69' 1  and  5S*9  per  cent.;  theoretical  iodine  =  59*0  per 
cent.).  A  small  quantity  of  the  chloride  was  also  converted  into  the 
platinum  salt  and  analysed  (platinum  found  33*1  per  cent.;  theo- 
retical, 33*3  per  cent.  Pt).  The  action  of  heat  on  this  mixed  chloride 
has  already  been  tried  by  Lessen,  who  found  that  it  decomposed  aa 
follows : — 

(CH,),(CA)NC1  =  (CH3)a(CaH5)N  +  CH3CI. 
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We  were,  however,  anxious  to  obtain,  if  possible,  the  mixed 
tertiarj'  amine  pnre,  and  so  repeated  bis  experiment, 

A  preliminary  experiment  was  first  tried  with  4'3  grams  of  tlie 
solid  chloride.  At  a  temperature  above  300*"  the  salt  decomposed 
withont  fusion.  The  products  were  passed  into  a  (J -tube  containing 
hydrochloric  acid  (to  absorb  the  amine)  and  the  gas  which  was  also 
eyolved  was  collected  above  mercury.  800  c.c,  were  obtained,  the 
theoretical  amount  being  about  790  o.c.  This  gas  was  evidently 
a  chloride,  for  it  burnt  with  a  green  flame,  and  on  shaking  with  water 
slowly  dissolved.  An  analysis  showed  that  it  was  not  pure  methyl 
chloride,  bat  contained  probably  ethyl  chloride  as  well,  for  10*2  c.c, 
after  explosion  with  oxygen,  gave  11'5  c.c.  of  carbon  dioxide. 

A  much  larger  quantity  of  the  chloride  was  then  subjected  to  the 
action  of  heat.  The  free  amines  were  absorbed  in  hydrochloric  acid, 
and  the  solution  of  the  hydrochlorides  were  evaporated  over  a  water- 
bath  nearly  to  dryness:  The  resulting  liquid  was  then  transferred 
to  a  distilling  flask,  and  a  saturated  solution  of  caustic  soda  added. 
An  oily  liquid  separated,  which  by  a  very  gentle  heat  was  distilled  over 
into  a  fractionating  flask  containing  solid  caustic  soda,  and  surrounded 
with  ice.  On  fractionating,  the  dry  amines  were  split  into  three 
portions : — 

1.  Under  26®,  nearly  pure  trimethylamine. 

II.  From  25°  to  45°,  a  mixture  of  trimethylamine  and  dimethyl* 
ethylam.iue. 
III.  From  45"*  to  49°,  nearly  pure  dimethylethylamine. 

These  three  fractions  were  examined  in  the  following  way  : — 

I.  Ethyl  iodide  was  added  to  the  alcoholic  solution  of  the  amine 
and  the  trimethylethylammonium  iodide  was  analysed  (iodine  found 
69*1  per  cent. ;  theoretical  iodine  =  59'0  per  cent.). 

II.  This  fraction  (about  9  grams)  was  added  to  an  alcoholic  solu- 
tion of  3  grams  of  ethyl  iodide.  By  thus  using  a  quantity  of  ethyl 
iodide  only  sufficient  to  combine  with  a  small  portion  of  the  amine,  it 
was  thought  that  a  separation  of  the  two  amines  (dimethylethylamine 
and  trimethylamine)  might  be  effected,  the  iodide  of  ethyl  probably 
uniting  with  the  trimethylamine  most  readily.  This  was  found  to 
be  the  case.     After  the  unacted  on  tertiary  amines  had  been  recovered 

and  dried,  on  refractionating  them,  a  further  quantity  was  obtained 

boiling  from  45 — 50°. 

III.  The  third  fraction  was  mixed  with  the  portion  boiling  from 
45 — 50°  obtained  from  fraction  I  J,  and  redistilled.  The  part  which 
hoiled  from  45 — ^V  waA  analysed  and  proved  to  be  dimethylethyl 
amine  : — 
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0*2455  gram  snBstance  gave  0-5945  gram  CO2  and  0*337  gram  HjO. 
0*240  gram  substance  gave  40*1  c.c.  of  nitrogen  at  14°  and  752  mm. 

Found. 


c. 

CalcnUtted  for 
(CH,),(CH.)N. 

65-75 

66-04 

IL^ 

H. 

15-07 

15-25 

— 

N. 

19-17 

.     — 

19-41 

This  boiling  point  (45 — 47*  C.)  differs  from  the  boiling  point 
(39 — 41**  C.)  of  the  specimen  of  dimethylethylamine  prepared  from 
triethylamine  (see  p.  780).  The  remainder,  therefore,  of  this  third 
fraction  was  again  carefully  dried' and  distifled ;  eventually  nearly  the 
whole  was  founj  to  boil  between  42 — 43*  C,  from  which  we  are 
inclined  to  believe  that  the  true  boiling  point  lies  about  40 — 42**  C. 

The  decomposition,  therefore,  of  the  trimethylethylammoninm 
chloride,  although  yielding  substantially  the  mixed  tertiary  amine, 
still  gives  at  the  samB  time  trimethylamine  :■ — 

(CH,)3(aH5)NCl  =  (CH8),(Cja5)N  ■}-  CH,C1, 
(CH,)3(CH5)NC1  =  (CH,)^^  +  C,H5CL 

This  result  differs  from  that  obtained  by  Lossen;,  who  gives  as  the 
products  of  decomposition  only  dimethylethylamine  and  methyl 
chloride. 

The  Action  of  Heat  on  th&  Ttimethifleihylammonium  Hydroxide. 

This  compound  Lossen  has  shown  to  decompose  into  water, 
ethylene,  and  trimethylamine.  But  after  the  results  obtained  with  the 
chloride,  we  thought  it  worth  while  to  repeat  this  experiment. 

The  hydroxide  was  prepared  from  tHp  iodide  by  treating  an  aqueous 
solution  of  the  salt  with  oxide  of  silver.  After  evaporation  over  a 
water-bath,  the  hydroxide  was  submitted  to  the  action  of  heat  in  an 
ordinary  distilling  flask,  connected  with  the  apparatus  which  we  in- 
variably used  during  this  work,  namely,  a  (J -tube  filled  with  hydro- 
chloric acid  to  absorb  the  free  amine,  and  surrounded  with  cold  water ; 
and  a  gasometer  to  collect  any  gas  which  might  be  formed  during 
the  experiment.  The  hydroxide  did  not  decompose  till  the  tempera- 
ture had  risen  above  200*^ ;  a  large  quantity  of  gas  was  produced 
which  proved  to  be  pure  ethylene.  It  burnt  with  a  luminous  flame 
and  was  completely  absorbed  by  bromine,  giving  dibromethylene 
(b.  p.  131—132*). 

The  solution  of  the  tertiary  amine  in  hydrochloric  acid  was  then 
evaporated  nearly  to  dryness,  and  the  concentrated  solution  treated 
>vith   a  saturated    solution  of  caustic  soda.      The  free  base  thus 
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liberated  was  distilled  over  into  dry  alcohol,  and  on  addition  to  this  of 
ethyl  iodide,  a  precipitate  was  at  once  obtained.  This  salt  was  con- 
verted into  the  platinichloride,  and  from  the  analysis  was  shown  to 
be  pure  iodide  of  trimethylethylammonium  : — 

0-6014  ^ram  salt  gave  0-2006  gram  Pt  =  33-35  per  cent.     Pt  in 
[(CH3)8(CaH5)NCl],PtCl4  =  33-38  per  cent. 

Hence  the  decomposition  of  the  base  may  be  represented  by  the 
equation : — 

(CH3)3(aH5)N-OH  =  (CH3)3N  +  H^O  +  CH^. 

This  result  agrees  with  that  obtained  by  Lessen. 

Action  of  Heat  on  the  Chloride  and  Hydroxide  of  TriTnethylpropyl-  fj 

ammonium.  V| 

The  chloride  was  produced  by  heating  in  a  sealed  tnbe  chloride  of  :.  ' 

propyl  and  a  strong  alcoholic  solution  of  trimethylaraine.     The  con- 


c   ' 


tents  of   the  sealed  tube,  on  evaporation  over  a  water-bath,  left  a  ^-4 
deliquescent  mass,  which  was  dissolved  in  water  and  treated  with  ^^ 

silver  oxide  ;  this  solution  smelt  of  trimethylamine,  which  had  prob-  f  ' 

ably  been   formed  by  the   propyl  chloride  being  decomposed  into 
hydrochloric  acid  and  propylene : —  , 

(CH3)3N  +  CsH^Cl  =  (CH,),NHCl  -I-  C,He. 

The  whole  of  the  contents  of  the  tube  were  therefore  treated  with 
oxide  of  silver  and  the  solution  evaporated  to  drive  oft  the  free  tri- 
methylamine. After  filtering,  one  half  was  neutralised  with  hydro- 
chloric acid,  and  the  other  half  was  decomposed  by  the  action  of  heat. 
A  small  portion  of  the  chloride  was  conveited  into  the  platinichloride 
by  adding  excess  of  chloride  of  platinum  and  alcohol,  and  the  precipi- 
tated salt  was  washed  with  alcohol  and  ether  and  analysed  without 
recrystallising. 

0-303  gram  salt  gave  0096  gram  Pt  =  31-68  per  cent.     Pt  in 
[(CH3),(C,H9)NCl]2PtCl4  =  31-86  per  cent. 

The  remainder  of  the  chloride  was  evaporated  to  dryness,  and 
heated  in  a  flask  connected  with  the  usual  appai*atas  for  collecting 
the  free  amine  and  also  any  gas  which  might  be  formed. 

Chloride  of  methyl  collected  in  the  gasometer  and  a  few  drops  of 
a  liqnid,  presumably  chloride  of  propyl,  were  noticed  in  the  hydro- 
chloric acid.  The  free  tertiary  amine,  which  was  obtained  from  this 
hydrochloric  acid  solution,  was  converted  by  means  of  methyl  iod-ide 
into  the  quaternary  ammonium  compound  and  directly  analysed. 
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0-5525  gram  took  26*936  c.c.  ^  AgNOj  Bolution  =  61-92  per  cent. 

iodine. 

Calculaiod  for 


(cH,),(C3Hj)NL         (CH3)4NI.  Found. 

Iodine 55*45  6318  61-92 

thns  proving  that  the  decomposition  took  place  in  probablj  two 
ways : — 

(CH3)3(C3H,)NC1  =  (CH3),N  +  CH^Cl, 
(CH3)3(C,H,)NC1  =  (CH3)2(C,H0N  +  CH,C1. 

The  action  of  heat  on  the  hydroxide  yielded  nearly  the  same  re- 
sults. A  gas  was  produced  which  was  completely  absorbed  by 
bromine,  yielding  a  liquid  which  was  not  pare  dibromethylene  or 
dibromopropylene,  its  boiling  point  rising  steadily  from  ISC'*  to  140*. 
The  hydrochlorides  of  the  tertiary  amine  were  converted  into  the 
qaatemary  ammonium  compound  by  treatment  with  methyl  iodide 
and  the  salt  analysed. 

N 
0*5315  gram  salt  took 25*74  c.c.  —  AgNOs  =  61*51  percent,  iodine, 

showing  that  in  this  case,  as  well  as  in  that  of  the  chloride,  the 
chief  product  ^of  the  reaction  was  trimethylamine,  while  small 
quantities  of  dimethylpropylamine  were  also  formed.  Owing  to  the 
small  quantity  of  the  free  dimethylpropylamine  which  we  obtained, 
we  were  unable  to  get  it  in  a  pure  state. 

The  Acti<m  of  Heat  on  the  Chloride  and  Hydroxide  of  Trimethylieo' 
pro^fylammionium, 

Isopropyl  iodide  (prepared  from  glycerine)  was  added  to  a  solution 
of  trimethylamine  in  alcohol ;  after  a  short  time,  white,  needle- 
shaped  crystals  of  iodide  of  trimethylisopropylammonium  iodide 
separated ;  in  order  to  complete  the  reaction  the  solution  was  finally 
warmed.  The  aqueous  solution  of  this  iodide  when  treated  with 
oxide  of  silver  gave  free  trimethylamine,  and  in  this  respect  re- 
sembled the  salt  obtained  in  the  previous  experiment  with  propyl 
chloride  and  trimethylamine ;  the  whole  was  therefore  treated  with 
oxide  of  silver.  The  excess  of  trimethylamine  was  boiled  off  and  part 
of  the  hydroxide  was  I'cserved  for  heating,  whilst  part  was  neutralised 
with  hydrochloric  acid  to  form  the  chloride. 

An  analysis  of  the  platinichloride  gave  the  following  numbers : — 

0-4555  gram  salt  gave  01460  gram  Pt  =  3205  per  cent.     Ft  in 
[(CH3),(C,H0NCl],PtCl4  =  31-86  per  cent. 


Digitized  by  VjOOQIC 


ON  MIXED  QUATBRNARY  AMMONIUM  COMPOUNDS.  773 

Tbe  cliloride,  on  heating,  decomposed  yielding  a  gas  whicli  was  not 
pnre  cliloride  of  metbjl,  as  abont  2  per  cent,  was  absorbed  by 
bromine.  Chloride  of  propyl  was  also  formed.  The  free  amine  was 
treated  in  tbe  nsnal  manner  with  methyl  iodide  and  then  converted 
into  the  platinichloride : — 

0135  gram  salt  gave  0*0461  gram  Pt  =  34*14  per  cent. 

Calculated  for 


[(OH,)4NC13,PtCl4.    [(CH,),(0,H7)Na3PfcCli.      Pound. 
Pt 3507  31-86  34*14 

Tbe  salt  therefore  decomposes  as  follows : — 

(CH3)8(C,H7)NC1  =  (CH,)a  N  -h  C3H7CI, 
(CH,),(CH,)NC1  =  (CHs)a(CHT)N  +  CH3CI. 

The  hydroxide  decomposes  in  a  similar  manner.  Propylene  was 
formed,  mixed  with  traces  of  ethylene.  And  the  tertiary  amines, 
when  converted  into  iodides  and  then  into  platinichlorides  of  the 
quaternary  ammonium  compounds,  gave  on  analysis : — 

0*4262  gram  salt  gave  0*1496  gram  Pt  =  15*10  per  cent.  Pt, 

which  showed  that  the  decomposition  was  almost  completely  into  tri- 
methylamine,  Ac. : — 

(CHs),(C,H,)N-OH  =  (CH,),N  +  C^E,  +  H,0. 

The  Action  of  Heat  an  the  Chloride  and  Eydroxide  of  Trimethylisohutyl- 

ammonium. 

The  chloride  of  trimethylisobutylammoniam  was  prepared  by 
heating  isobutyl  chloride  and  an  alcoholic  solution  of  trimothylamine 
in  a  sealed  tube.  A  small  portion  of  the  salt  thus  obtained,  when 
treated  with  oxide  of  silver,,  gave  a  trace  of  free  trimothylamine. 
Isobutyl  chloride  therefore  resembles  the  haloid  compounds  of  propyl 
when  heated  with  trimethylamine,  being  decomposed  into  butylene 
and  hydrochloric  acid. 

The  whole  of  the  chloride  obtained  from  the  sealed  tube  reaction 
was  converted  into  the  hydroxide  and  evaporated  over  the  water-bath 
to  purify  it  from  the  hydrochloride  of  trimethylamine.  It  was  then 
divided  into  two  halves  ;  one  was  neutralised  with  hydrochloric  acid, 
and  the  other  was  decomposed  by  heat. 

A  small  quantity  of  the  chloride  was  converted  into  the  platinum 
double  chloride  and  analysed : — 

0-156  gram  salt  gave  0*0475  Pt  =  30*45  gram  per  cent.     Pt  in 
[(CH,),(C4H,)NCl]2PtCU  =  30*46  per  cent. 

VOL,  LVII.  3  P 
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The  remainder  was  evaporated  to  dryness  and  heated;  it  deoom* 
posed  at  a  low  temperature  (below  200')  and  yielded  a  considerable 
quantity  of  methyl  chloride.  The  solution  of  tertiary  amines  in 
hydrochloric  acid  was  treated  with  caustic  soda  and  the  amines  dis- 
tilled into  alcohol.  Methyl  iodide  was  then  added,  and  the  iodides 
were  converted  into  the  platinichlorides.  The  platinum  salt  was 
fractionally  crystallised. 

Fraction   I.— 0*3019  gram  Pt  salt  gave  00931  Pt  =  30-83  per  cent. 
Fraction  II.-r-0-2837  gram  Pt  salt  gave  0-0871  Pt  =s  3070  per  cent. 
Pt  in  [(CH,)^C4H,)NCl],PtCl4  =  30-46  per  cent. 

The  decomposition  is,  therefore,  almost  wholly  into  the  mixed  amine 
and  methyl  chloride, 

(CH8),(C*H.)NC1  =  (CH,),(04Hg)N  +  CH,C1. 

It  may  be  mentioned  that  the  chloride  of  trimethylisobutylammo- 
nium  seems  to  be  decomposed  slightly  when  boiled  with  caustic  soda 
solution ;  free  dimethylisobutylamine  is  formed,  and  can  be  recognised 
by  its  smell. 

The  hydroxide  seems  to  decompose  in  a  manner  analogous  to  the 
chloride;  only  traces  of  a  permanent  gas  are  formed,  which  are 
absorbed  by  bromine,  while  the  tertiary  amine  was.  proved  to  be 
dimethylisobutylamine. 

The  tertiary  amine  was  treated  with  methyl  iodide  and  then  con- 
verted into  the  platinum  double  chloride  and  analysed. 

0-423  gram  salt  gave  0130  gram  Pt  =s  30*73  per  cent.,  and  the 
following  equation  represents  the  decomposition : — 

(CH,)B(C4Hg)N-0H  =  (CHa),(C,H,)N  +  CH,-OH. 

The  Action  of  Heat  on  the  Chloride  and  Hydroxide  of  TrimethyliaoamyU 

ammonium. 

When  isoamyl  chloride  and  alcoholic  solution  of  trimethylamine 
are  heated  together  to  120°  in  a  sealed  tube,  complete  combination 
occurs,  and  on  cooling,  the  tube  is  filled  with  a  white,  crystalline 
mass.  A  sample  was  converted  inta  the  double  platinichloride  and 
analysed.  0*4750  gram  gave  0*1380  gram  Pt  =  290  per  cent. 
Pt  in  [(CH8)3(C6H„)NCl],PtCU  =  291  per  cent.  The  chloride  itself 
is  a  white,  deliquescent  solid,  which,  when  heated  to  a  temperature 
above  200**,  decomposes  into  methyl  chloride  and  the  mixed  tertiary 
amine, 

(CHb)s(C5Hu)NC1  =  (CH3),(C.Hu)N  +  CH,01. 

—  After  the  free  amine  had  been  liberated  from  the  hydrochloride 
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and  dried  over  solid  caustic  soda,  it  nearly  all  boiled  between  113^ 
and  114°.    An  analysis  gave  the  following  numbers : — 

0-137  gram  substance  gave  0-368  gram  CO,  and  0*188  gram  HaO. 
0'231  gitim  substance  gave  24*5  c.c.  nitrogen  at  14^  0.  and  742  mm. 

Found. 

Calculated  for  r -* ^ 

(Cfl3),(C»H„)N.  I.  II. 

C 7304  73-25  — 

H 14-78  16-27  — 

N 1217  —  12-17 

As  there  were  only  traces  of  trimethylamine  formed,  the  decomposi- 
tion of  this  chloride  of  trimethylamylammonium  seems  to  be  almost 
completely  into  methyl  chloride  -and  the  mixed  tertiary  amine. 

The  decomposition  of  the  hydroxide  is,  however,  different,  for  only 
a  very  small  quantity  of  gas  was  produced  when  the  hydroxide  was 
heated,  while  an  oily  liquid  condensed  in  the  hydrochloric  acid  tube 
used  for  absorbing  the  tertiary  amine.  This  liquid  possessed  the 
smell  of  amylene,  and  boiled  almost  at  ordinary  temperatures ;  it  was 
treated  with  bromine,  and  the  dibromide  thu^  produced  boiled  with 
decomposition  between  173°  and  180^.  This  happens  with  the 
amylene  obtained  from  fusel  oil,  the  bromide  boiling  from  170**  to 
180°  with  partial  decomposition. 

The  hydrochloric  acid  solution  of  the  tertiary  amines  was  evapo- 
rated, and  then  treated  with  concentrated  solution  of  caustic  soda ;  a 
large  quantity  of  trimetbylamine  was  liberated,  which  was  boiled  off, 
leaving  only  a  very  small  amount  of  the  mixed  tertiary  amine.  The 
amine  was  extracted  with  ether  and  fractionated ;  only  a  very  small 
quantity  was  obtained  boiling  from  110°  to  115°,  This  was  treated 
with  methyl  iodide  and  converted  into  the  platinum  salt  The  per- 
centage of  platinum  found  was  2^0,  while  the  amount  required  by 
theory  is  29-1.     Hence  the  reaction  is  chiefly 

(CH3),(C5Hn)N-OH  =  iCB,)^  ^  C^H^o  +  H,0, 

while  a  small  quantity  decomposes  as  follows : — 

(CHOsCCsHiON-OH  =  (CH3)a(C,H„)N  +  CH,-OH, 

As  a  considerable  amount  of  the  dimethylamylamine  had  been  ob- 
tained, an  attempt  was  made  to  unite  it  with  another  molecule  of  amyl 
chloride,  but  even  after  heating  for  many  hours  at  120°,  no  combina- 
tion occurred.  The  iodide  of  amyl  -was,  therefore,  employed,  but  even 
then  the  substances  had  to  be  heated  in  a  sealed  tube  before  combina- 
tion would  take  place.  The  contents  of  the  sealed  tube  was  converted 
into  the  chloride,  and  a  small  portion  pi'ecipitated  with  platinum 
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chloride.  This  salt  melted  below  the  temperature  of  boiling  water, 
bat  conld  be  dissolved  in  boiling  water.  On  reorystallisation,  it 
proved  by  analysis  to  be  the  dimethjldiamjlammoniam  platini- 
chloride. 

0*210  gram  substance  gave  0'053  gram  Pt  =  25*23  per  cent. 
Pt  in  [(OH,>XC5HxO«NCl],PtCl4  =  25  00  per  cent. 

The  remainder  of  the  chloride  was  heated.  It  was  found  to  decom- 
pose into  methyl  cbloride  and  diamylmethylamine,  which  latter  sub- 
stance, after  treating  with  methyl  iodide  and  being  converted  into  the 
platinum  salt,  gave  25*38  per  cent.  Pt,  showing  that  the  decomposi- 
tion was  similar  to  that  of  the  dimethylamylammonium  chloride,  and 
is  represented  by  the  following  equation : — 

(CH,)a(C5Hu)aNCl^  (Cjai,)«(CH,)N  -f  Ce,CL 

The  Action  of  Seat  on  Ihe  Chloride  and  Hydroxide  of  VrimeihylaUyU 

ammonium. 

When  allyl  iodide  is  added  to  an  alcoholic  solntion  of  trimethjl- 
amine,  the  reaction  takes  place  immediately.  The  iodide  thus  formed 
is  a  deliquescent  solid,  which  is  easily  soluble  both  in  alcohol  and  in 
water. 

It  was  converted  completely  into  the  hydroxide.  The  solution  of 
the  hydroxide  was  divided  into  two  portions;  one  was  neutralised 
with  hydrochloric  acid,  and  the  other  half  evaporated  to  dryness  and 
heated. 

The  decomposition  of  the  base  did  not,  hewever,  yield  very  satis- 
factory resizlis.  The  chief  tertiary  amine  produced  was  andoubtedly 
trimethylamine,  while  the  allyl  radicle  was  decomposed,  yielding  con- 
siderable quantities  of  acrolein,  which  was  recognised  by  its  smell 
and  the  power  it  possessed  of  reducing  a  .silver  solution.  A  very 
small  quantity  of  dimethylallylamine  was,  however,  formed,  for  after 
treating  with  methyl  iodide  and  converting  in  the  nsual  manner  into 
the  platinichloride,  it  gave  the  following  resxdt : — 

0'1602  gram  substance  gave  0'514  gram  Pt  =  32*08  per  cent. 
Pt  in  [(CH,),(C3H,)NCl]2PtCl4  =  5207  per  cent. ;  the  chief 
reaction  is  therefore 

(CH,%(C,H,)N-OH  =  (CHB)JSr  ^  CH^-OH, 

and  at  the  temperature  at  which  the  decomposition  took  place  the 
allyl  alcohol  was  decomposed,  yielding  acrolein  amongst  other  pro* 
ducts.  The  action  of  heat  on  the  chloride  yielded  a  similar  result, 
only  traces  of  the  mixed  tertiary  amine  were  formed. 
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Bpth  in  ilie  case  of  the  chloride  and  the  hydroxide,  the  tertiary 
amine  produced  was  almost  entirely  trimethylamine,  the  allyl  radicle 
being  almost  entirely  destroyed  daring  the  reaotion. 

TkB  Justitm  of  Heat  en  the  Chloride  and  Hydroxide  of  Tertiary  Aimfl- 
trimethylammonium. 

Trimethylamine  in  alcoholic  solution  was  heated  with  chlo#bdi- 
methylethylmethane ;  no  combination,  however,  was  found  to  dccnr, 
even  after  prolonged  heating  at  IBO*".  The  iodide  was  therefore  sub- 
stituted for  the  chloride.  The  iodide  of  amyltrimethylammonium 
which  was  produced  was  converted  into  the  corresponding  hydroxide 
with  silver  oxide,  and  the  0olntion  divided  into  two  halves ;  one  was 
directly  subjected  to  the  action  of  heat,  the  othe^  was  neutralised  with 
hydrochloric  acid  and  then  decomposed  also  by  heat. 

In  both  cases  the  chief  product  of  the  decomposition  was  trimethyl- 
amine ;  only  traces  of  the  mixed  amine  was  formed.  In  this  respect 
the  tertiary  amyltrimethylammonium  compounds  differ  from  tha 
isoamyl  compounds  obtained  from  trimethylamine  and  amyl  iodide 
prepared  from  fusel  oil.  The  trimethylamine  produced  by  the 
decomposition  of  these  compounds  was  identified  by  conversion  into 
tetramethylammonium  platinichloride. 

The  Action  of  Heat  on  the  Chloride  and  Hydroxide  of  Tri^nethylphenyU 

ammontwn. 

The  trimethylphenylammonium  iodide  was  prepared  from  di- 
methylaniline  and  methyl  iodide,  and  not  directly  from  trimethyl- 
amine. An  analysis  was  made  of  the  salt.  Iodine  found  =  48'2 
per  cent.     Iodine  in  (CH8)j(0.Hj)NI  =  483  per  cent. 

The  chloride  of  trimethylphenylammonium  is  a  deliquescent  solid. 

0-1920  gram  substance  took  9976  ^  AgNO,  =  18*4  per  cent.   CI. 

Chlorine  in  (CH3),(C«H5)NC1  =  185  per  cent. 

This  salt,  when  subjected  to  the  action  of  heat,  decomposed  quan- 
titatively at  a  temperature  much  above  300^  into  methyl  chloride  and 
dimethylaniline,  b.  p.  190—192, 

(CH3),(CeH,)NCl  =  (CH3),(C.H,)N  +  CH,C1, 

while  the  hydroxide  gave  exactly  similar  results,  only  the  mixed 
tertiary  amine  was  formed, 

(CH,)3(CeH5)N-OH  =  (CH,)a(C«H5)N  +  CH.-OH. 

3  F  2 
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The  Action  of  Seat  <m  the  Ohhride  and  Hydr<mde  of  Trimethylhemyl' 

ammoniiim. 

If  benzjl  ckloride  is  added  to  a  strong  alcoholic  eolation  of  tri- 
methylanune,  the  reaction  is  extremely  energetic,  and  when  the 
mixtaie  cools  crystals  of  trimethjlbenzjlammoninm  chloride  separate 
from  the  solution.  A  small  quantity  was  converted  into  the  platini- 
chloride  and  analysed. 

0*5965  gram  substance  gave  0'163.5  gram  Pt  =  27'41  per  cent. 
Pt  in  [(CH,),(C7H7)NCl],PtCl4  =  27*54  per  cent. 

The  chloride,  when  heated  to  a  temperature  slightly  above  300"*, 
decomposes,  yielding  both  gaseoos  and  liquid  products.  The  gas 
consisted  chiefly  of  methyl  chloride,  but  a  liquid  was  also  formed 
which  collected  in  the  (J -tube  used  for  condensing  the  tertiaiy 
ftmines. 

Aft^  separation  from  the  hydrochlorides  of  the  amines,  this  liquid 
was  found  to  boil  at  175—177^,  and  from  its  properties  and  boiling 
point  wafl  benzyl  chloride. 

The  hydrochlorides  were  evaporated  almost  to  dryness,  and  treated 
with  concentrated  caustic  soda  solution ;  an  oily  layer  at  once  sepa- 
rated which,  on  warming,  yielded  a  considerable  amount  of  tri- 
metbylamine,  but  there  also  remained  behind  a  layer  of  the  dimethyl- 
benzylamine.  This  substance  was  extracted  with  ether,  dried,  and 
distilled.  After  one  distillation  it  boiled  between  178*"  and  179° 
(corrected). 

On  analysis — 

0'2785  gram  substance   gave  24-0  c.c.  nitrogen  at  12*  C.  and 

759  mm. 
0'2885  gram  substance  gave  0'8450  gram  GOs  and  0*2545  gram 

H,0- 

Found. 

CBlcolated  for  , ' ^ 

(CH,),(CVH7)N.  I.  XL 

C 80-00  79-88  — 

H 9-63  9-80  — 

N 10-36  —  10-49 

The  decomposition  of  the  chloride,  when  heated,  is  therefore  largely 
into  the  mixed  tertiary  amines, 

(CH,)s(C,HONCl  =  (CH,MCHON  -f  CH^Cl. 

The  action  of  heat  on  the  hydroxide  does  not  yield  nearly  so  much 
of  the  mixed  tertiary  amines ;  benzyl  alcohol  being  produced  in  con- 


Digitized  by  VjOOQIC 


ox  MIXED  QUATERNARY  AMMONIUM  COMPOUNDS.     779 

^iderable  quantities.  The  beoijl  aloohol  was  identified  by  its  boiling 
point  and  its  easy  conversion  into  benzoic  acid  by  oxidation.  The 
melting  point  of  the  acid  was  found  to  be  121*2",  and  analysis  of  the 
silver  salt  gave  47*53  per  cent.  Ag  (theoretical  Ag  in  C»Hi*COOAg  =s 
47*16  per  cent.).  There  was  formed  also  daring  the  reaction  small 
quantities  of  a  solid  hydrocarbon  which  resembled  diphenyl.  That 
some  of  the  mixed  tertiary  amine  was  amongst  the  products  of  decom- 
position was  proved  by  a  small  quantity  of  an  amine,  b.  p.  178 — 180°. 
This  was  mixed  with  methyl  iodide,  and  an  analysis  made  of  the 
platinichloride.  Platinum  found  =  27*7  per  cent.  Theoretical 
amount  of  platinum  in  [(CH,)3(C7H7)NCl]aPtCl4  =  27*5  per  cent. 

The  chief  mode  of  decomposition  is  therefore  represented  by  the 
following  equation : — 

(CH,),(C7H0NOH  =  (CH,)3N  -h  Ca-OH. 
II.  Mixed  Quaternabt  Ammonium  Compounds  pboducid  from 

TbIETHTL  AMINE. 

The  Action  cf  Heat  on  the  GMoride  and  ffydromide  of  TrieikylmethyU 

ammonium. 

These  compounds  were  prepared  in  the  usual  way  from  triethyl- 
amine  and  methyl  iodide;  and  the  action  of  heat  on  them  gave 
sabstantially  the  same  results  as  those  obtained  by  Losaen  (Annalen^ 
81,  pp.  376 — 383).  The  chief  portion  of  the  chloride  was  found  to 
decompose  into  ethyl  chloride  and  diethylmethylamine, 

(C,HOs(CH,)NCl  =  (C,H.VCH,)N  -h  C,H.C1. 
The  free  tertiary  amine  was  treated  with  methyl  iodide,  and  after 
conversion  into  the  chloropiatinate,  on  fractional  precipitation  with 
chloride  of  platinum,  the  following  results  were  obtained : — 

Fraction  1.    0'2368  gram  salt  gave  00753  gram  Ft  =:  31*8  p.  c. 

Pt  in  [(CHg),(C2H5),NCl],PtCU  =  31*8    „ 

Fraction  2.  0*261  gram  salt  gave  0*0778  gram  Pt  =  30*99  „ 
Fraction  3.     0*4172  gram  salt  gave  01303  gram  Pt  =  31*2     „ 

Pt  in  [(CHaXCHO^NCll^tCU  =30*4    „ 

A  certain  quantity  of  the  chloride  must  therefore  decompose  into 
chloride  of  methyl  and  triethylamine, 

(CH3)(C»H5)3NC1  =  (C,H5),N  +  CH,C1. 

The  hydroxide,  when  heated,  decomposes  easily  at  a  temperature 
not  much  above  100°,  ethylene  is  produced,  and  the  free  tertiary 
amine  consists  entirely  of  the  mixed  amine, 

(C2H5),(Ca)N-0H  =  (CaH5),(CH,)N  +  CH*  +  H.O. 
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The  free  base,  when  pure,  boils  at  66 — 67°  (corrected).     A  com* 
bastion  was  made. 

0*240  gram  substance  gave  0604  gram  00%  and  0*325  gram  HaO. 

Calculafced  for 
(C,H4),(CHJN.  Found. 

C 68-96  68*64 

H 14*94  1505 

N 16*09  — 


The  Action  of  Heat  on  the  Chloride  and  Hydroxide  of  Dimethyldiethyl' 

ammoniitm, 

A  considerable  amount  of  the  diethylmethylamine  was  treated  with 
methyl  iodide.  The  two  substances  united  with  the  evolution  of 
heat.     Some  of  the  iodide  was  analysed. 

0*622  gram  salt  required  27*01  c.c.  jrr  AgNO,  solution  =  55  4  p.  c.  T. 

Iodine  in  (aH5>,(CHs),]Sri ;.      =55*4      „ 

As  Lessen  had  already  heated  the  chloride  and  found  a  mixture  of 
tertiary  amines  resulted,  we  did  not  repeat  his  experiment.  The 
decomposition,  however,  of  the  hydroxide,  although  believed  by  him 
to  take  place  as  follows : — 

(CH,).(C,H5),N-0H  =  (CH3)^CaH5)N  +  CH*  -h  HaO, 

had  not  been  tried.  This  result  was  conjectured  by  Losses  from  the 
results  of  Hof mann,  who  found  that  usually  in  a  mixed  quaternary 
ammonium  hydroxide,  the  ethyl-group  was  first  eliminated  (as 
ethylene)  when  the  compound  was  decomposed  by  heat.  This  cod- 
jecture  of  Lessen  proved  to  be  correct,  for  on  heating  the  dimethyl- 
diethylammonium  hydroxide  we  obtained  a  tertiary  amine  which, 
when  treated  with  methyl  iodide,  and  converted  into  the  platinum 
salt,  gave  the  following  numbers  : — 

0*302  gram  salt  gave  0*100  g^^m  Pt =  33*1  per  cent. 

Pt  in  [(CH,)8(C,H5)NCl]aPtCU =  33*3 

The  ethylene  was  identified  by  absorbing  it  with  bromine  and 
taking  the  boiling  point  of  the  dibromethylene  (  b.  p.  131*2^). 

A  curious  point,  however,  was  noticed  with  regard  to  the  boiling 
point  of  the  dimethylethylamine — it  boiled  completetely  between  39** 
and  41^.  Now,  the  dimethylethylamine  obtained  by  the  action  of 
heat  on  trimethylethylammoninm  chloride  boiled  from  42^  to  43^ 
(p.  770).     We  have  repeated   the  former  experiment  again  with 
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macli  larger  qnantities  of  salt,  and  with  identically  the  same  result ; 
the  whole  of  the  cUmethylethylamine  boils  between  39 — 41°.  It  has 
recently  been  suggested  by  Hantsch  and  Werner  (Ber.,  23,  11 — 30) 
that  two  isomers  of  the  form  NR'R'B"  are  possible ;  whether  we  have 
here  such  substances  we  are  unable  to  say  at  present,  but  propose  to 
continue  the  investigation. 

The  Action  of  Heat  on  the  Chloride  and  Hydroxide  of  Triethylbeneyl- 

ammonium, 

Triethylamine  reacts  at  once  with  benzyl  chloride  when  the  two  are 
mixed  together.  The  chloride  thus  produced  can  be  obtained  in  the 
crystalline  form  from  a  concentrated  aqueous  solution,  but  attempts  to 
determine  the  water  of  crystallisation  in  it  were  unsuccessful,  the 
salt  decomposing  when  heated  above  100"*.  The  chloride  was  decom- 
posed in  the  usual  manner.  Benzyl  chloride  was  formed  in  con- 
siderable quantities  and  recognised  by  its  smell  and  boiling  point 
(178 — 7*).  The  free  tertiary  amines  consisted  almost  entirely  of  tri- 
ethylamine, only  a  very  small  quantity  of  the  mixed  amine  being 
formed.  The  ti'iethylamine  was  converted  into  tetrethylammoninm 
iodide,  and  an  iodine  estimation  made.  Iodine  found  =  49*38  per 
cent.  Iodine  in  (CaH6)4NI  =  49*41  per  cent.  The  less  volatile 
base  was  mixed  with  ethyl  iodide  and  converted  into  the  platini- 
chloride. 

0-435  gram  gave  01082  gram  Pt =  24*87  per  cent. 

Pt  in  [(C,H6)s(07HT)NCl],PtCl4 =  2462 

The  chief  decomposition  which  the  chloride  therefore  undergoes 
when  heated  is — 

(C2H08(C7H7)NC1  =  (C»H5),N-  4-  C,H,C1. 

This  agrees  with  the  decomposition  of  the  iodide,  for  Bodewig  has 
found  {Jahresberichtf  1^79,  435)  that  triethylbenzyl  ammonium 
iodide  when  heated  yields  benzyl  iodide  and  triethylamine.  The 
lydroxide  when  heated  seems  to  jield  similar  results  ;  only  traces  of 
the  mixed  tertiary  amine  are  produced.  The  benzyl  alcohol  was 
converted  into  benzoic  acid  and  an  analysis  of  the  silver  salt  made 
(47-23  per  cent.  Ag  found.  Ag  in  CeHs'COOAg  =  4716  per  cent.). 
The  decomposition  of  the  base  is  chiefly  as  follows  : — 

(CaH5)3(C7H7)N-OH  =  (aH5)3N  -h  C7H/OH. 

An  interesting  point  with  regfard  to  these  triethylbenzylammonium 
compounds  has  been  raised  by  Ladenburg  (Ber.,  10,  45)  ;  he  holds 
that  the  iodide  prepared  by  the  aotion  of  diethylbenzylamine  on  ethyl 
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iodide  is  not  identical  with  that  produced  from  the  chloride  obtained 
when  triethylamine  is  allowed  to  react  with  benzyl  chloride.  We  are 
at  present  engaged  in  preparing  a  number  of  tbese  mixed  quaternary 
ammonium  compounds,  and  propose  to  study  the  properties  of  their 
salts,  particularly  the  platinichlorides. 

Goncliision. 

Prom  the  forgoing  results,  it  evidently  seems  to  be  a  general  rule 
that  when  a  mixed  quaternary  ammonium  chloride  or  hydroxide 
(made  from  trimethjlamine  or  triethylamine)  is  heated,  a  mixed  ter" 
tiary  amine  is  always  produced.  The  actual  amount  formed,  however, 
varies  very  considerably  with  difiFerent  compounds ;  for  with  the  tri- 
methylphenylammonium  chloride  the  only  product  is  dimothyl- 
phenylamine,  whilst  with  the  allyl-  and  isopropyl-trimethylammonium 
compounds,  the  chief  tertiary  amine  formed  by  the  ac;tion  of  heat  is 
trimethylamine.  If  we  take  the  chlorides,  the  methyUgroup  seems  to 
be  very  easily  eliminated  from  the  molecale  as  methyl  cMoride,  whilst 
in  the  case  of  the  hydroxides  the  ethyl-group  almost  invariably  splits 
away  as  ethylene.  The  reaction,  therefore,  seems  to  be  more  in- 
fluenced by  the  nature  of  the  decomposition  products  than  by  the  in- 
troduced radicles ;  and  we  sometimes  find  that  the  chloride  gives  a 
much  larger  quantity  of  the  mixed  tertiary  amine  than  the  hy- 
droxide : — 

(CH,),(CtH0NC1  =  (CH3)3(C,H7)N  +  CH,C1, 
(CH,)3(C7H0N.OH  =  (CH,),N  +  C,H,-OH, 

whilst  in  other  cases  we  find  the  reverse  to  be  the  case : — 

(C2H5)3(CH3)NC1    =    (C3H5)3N    +    CH3CI, 

(C2H5)3(CH3)N-OH  =  (C,H5)2(CH0N  +  CH,  +  H,0. 

Owing  to  the  limited  quantities  of  trimethylamine  and  triethyl- 
amine which  we  had  to  work  with,  the  properties  and  boiling  points 
of  some  of  the  mixed  tertiary  amines  could  not  be  determined ;  but  as 
we  propose  to  continue  the  research  in  somewhat  the  same  direction 
with  the  view  of  studying  the  asymmetry  of  the  nitrogen-atom,  we 
may  be  able  to  fill  up  some  of  these  gaps  in  a  communication  which 
we  hope  to  bring  before  the  Society  at  a  future  date* 

University  College^ 
London, 
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LIV". — Note  on  a  Compound  from  Benzoin  and  Acstone. 

By  Francis  R.  Japp,  F.R.S.,  and  Julius  Raschkn,  Ph.D. 

In  a  note  in  the  Proceedings  for  May  20th,  1886,  p.  203,  "  On  Com- 
pounds from  Benzil  and  Benzoin  with  Alcohols,"  we  described  a 
compound  melting  at  249—250®,  to  which  we  assigned  the  formula 
C4eH4o04,  believing  it  to  be  formed  by  the  condensation  6f  benzoin 
with  ethyl  alcohol  under  the  influence  of  caustic  potash. 

In  the  paper  in  the  Transactions,  in  which  an  account  of  this  result 
ought  to  have  appeared,  we  mentioned  (Trans.,  1886,  833)  that  in  the 
meantime  we  had  fouud  that  this  compound  was  not  formed  when 
pure  alcohol  was  employed,  and  that  its  formation  was  due  to  some 
impurity  contained  in  the  methylated  spirit  which  we  had  used 
instead  of  duty-paid  alcohol.  We  reserved  an  account  of  the  com- 
pound until  we  had  ascertained  the  conditions  of  its  formation. 

We  soon  found  that  the  imparity  in  qaestion  was  acetone,  and  that 
the  compound  is  apparently  formed  according  to  the  equation 

2CuHijOa  -h  2C5H6O  -h  0  =  C,4H«0s  +  4HaO. 

The  occurrence  of  an  oxidation  is  assumed,  partly  because  we 
found  that  a  much  better  yield  was  obtained  when  air  had  access 
daring  the  reaction,  and  partly  because  the  formula  CaiHasOa  agrees 
somewhat  better  with  the  results  of  analysis  than  the  formula 
C84Hao03,  which  would  be  that  of  a  compound  formed  merely  with 
elimination  of  water. 

In  order  to  prepare  the  compound,  10  grams  of  caustic  potash  were 
dissolved  in  a  litre  of  alcohol ;  40  grams  of  finely  powdered  benzoin 
and  20  grams  of  acetone  were  added,  and  the  whole  was  allowed  to 
stand  at  ordinary  temperatures  in  an  open  flask  for  several  days, 
at  flrst  shaking  the  mixture  from  time  to  time,  until  the  benzoin  had 
dissolved.  The  new  compound  gradually  separated  in  very  slender, 
silky  needles.  A  quantity  of  potassium  benzilate,  formed  by  the  joint 
action  of  air  and  caustic  potash,  could  be  readily  removed  by  washing 
the  product  with  water.  The  new  compound  was  purified  by  re- 
crystallisation  from  hot  benzene,  in  which  it  is  sparingly  soluble, 
separating  in  slender  needles  on  cooling.  It  was  also  recrystallised 
from  boiling  alcohol.  It  melted,  as  already  stated,  at  249 — 250*^. 
The  analyses  agreed  with  the  formula  GsiH^Os. 
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Substance.  00,.  H,0. 

1 01327  0-4098  00731 

II 0-1399  0-4321  00784 

in 01409  0-4345  00780 

Calculated  for  Tound. 

C^HmO,.  r ;" — -i 

f * ^  I.  II.  III. 

C« 408        84-30  84-22        84-23        8412 

H„....       28  5-78  6-13         6-22  6-16 

Os 48  9-92  _  —  _ 

484      100-00 

Analyses  I  and  II  were  made  with  substance  recrystallised  from 
benzene;  in  III,  the  same  specimen  iarther  recrystallised  from 
alcohol  was  employed. 

The  formula  CsiHgoOs,  on  the  othei  hand,  would  require  C  83*95 
and  H  6-17  per  cent. 

The  foregoing  work  was  done  in  1886,  and  its  publication  has  been 
deferred,  in  the  hope  (hitherto  unfulfilled;  that  an  opportunity  might 
be  found  of  further  investigating  this  couipound.  An  attempt  to 
prepare  corresponding  compounds  from  homologues  of  acetone  gave 
no  result  under  conditions  similar  to  the  foregoing. 

In  a  paper  in  the  July  number  of  the  Transactions  (p.  644),  Dr. 
A.  Smith  states  that  he  has  obtained  from  benzoin  and  acetone  by  the 
action  of  potassium  cyanide  a  compound,  to  which  he  assigns  the 
formula  C24H20O2,  deriving  it  from  benzaldehyde  and  acetone,  accord- 
ing to  the  equation — 

3CeH6-CHO  +  0H,CO-CH,  =  CaiHwO,  +  2H^. 

No  further  details  are  given,  so  we  are  unable  to  say  whether  this 
compound  is  identical  with  that  obtained  by  us.  The  formula 
CmH»0»  requires  C  84*71  and  H  5-88,  with  which  our  analyses  would 
also  agree,  although  not  so  well  as  with  the  formula  calculated  by  us. 

Dr.  Smith's  promised  investigation  will  doubtless  decide  as  to  the 
identity  or  non-identity  of  these  compounds. 

Normal  School  of  Science^ 
South  Kensington. 
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LV. — Beseqrclies  on  Normal  and  Mixed  Diazoamides. 
By  Raphael  Meldola,  P.R.S.,  and  F.  W.  Streatfeild,  F.I.C. 

At  the  concluBion  of  our  last  commnnication  on  this  subject  (Trans., 
1889,  442),  it  was  stated  that  a  new  departure  had  been  made  bj 
the  discovery  of  a  synthetical  process  for  the  production  of  mixed 
alkyl-diazoamides  identical  with  those  obtained  by  the  direct  alky]- 
ation  of  the  mixed  diazoamides.  The  three  isomeric  members  of  each 
series  are,  as  we  have  frequently  stated : — 

I.  Produced  by  the  action  of  X'N,-C1  on  T-NHR'. 
II.  Produced  by  the  action  of  Y-N,-C1  on  X-NHR'. 
ni.  Produced  by  the  action  of  KOH  and  R'l  on  XN,H-r. 

It  has  been  found  that  compounds  I  and  II  can  in  all  cases  be  made 
to  combine  by  simply  boiling  equal  molecular  proportions  in  alcoholic 
solution,  the  result  of  this  combination  being  the  isomeride  No.  Ill, 
The  experiments  are  in  the  first  place  described  in  the  order  in  which 
they  were  made. 

I.  Stothesis  op  Mixed  Alktl-Diazoamides. 

1.  Equal  weights  of  the  two  compounds, 

(i>)N:02-C6H4-N,-N(C2Hs)-C6H4-NOa(m),  (m.  p,  1870  and 
(m)N02-C6H4-N.-N(C.,H5)-CflHrN02(p),  (m.  p.  174) 

were  dissolved  in  boiling  alcohol  and  allowed  to  crystallise  : — 

After  1st  crystallisation :  m.  p.  150 — 154* 
„     2nd  „  „     151—154** 

„     3rd  „  „     151—154-5* 

„     4th  „  „     151-5—156*  (constant). 

The  product  proved  to  be  identical  in  appearance,  melting  point 
and  other  properties  with  that  produced  by  the  ethylation  of  para- 
metadinitrodiazoamidobenzene  (Trans.,  1889,  418). 

2.  Equal  weights  of  the  two  isomerides, 

(m)NOaeflH4-N,-N(C3,H,)-CaH4-Br(|>),  (m.  p.  Ill*,  Trans.,  1889, 

428)  and 
(^)BrCeH4-Nj-N(C,Hft)-C.H4-N02(m),  (m.  p.  135—136°,  Trans., 

1889,  428) 

vreve  dissolved  in  alcohol  and  crystallised  as  before.     After  six  crys- 
tallisations, the  melting  point  was  constant  at  96 — 117*,   and  the 
VOL.  L7II.  3  Q 
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product  proved  to  be  identical  with  that  obtaiaed  by  the  ethylation 
of  the  mixed  compound 

(p)BrC6H4-N3H-CeH4-NO,(w) 

(Tiuns.,  1889,  429). 

3.  Equal  weights  of  the  isomerides, 

(m)N02-aH4-N,-K(CH3)-CeH4-Br(|)),  (m.  p.  144")  and 
(p)Br-C6H4-Na-N(CH,)-C6H:4-N08(m),  (m.  p.  160-5— 161") 

were  dissolved  in  alcohol,  and  after  two  crystallisations  gave  a  pro- 
duct melting  at  125 — ^138*',  identical  with  that  produced  by  the  direct 
methylation  of  metanitroparabromodiazoamidobenzene  (Trans.,  1689, 
427). 

4.  Equal  weights  of  the  isomerides, 

(jp)CH,.-C6H4-Na-N(!aH8>C6H4-Cl(jp),  (m.  p.  91— 92«)  and 
(p)Cl-C«HrN,'N(CH8)-CaH4-0H;^l?),  (m.  p.  99-5— 100**) 

were  dissolved  in  alcohol,  and  the  solution  kept  boiling  for  two 
hours  in  a  flask  with  a  reflux  condenser.  The  product  consisted 
of  flat  plates,  having  a  melting  point  of  79 — 81°,  which  after  two 
more  crystallisatiomr  became  constant  at  80 — 82^  This  compound 
difPers  considerably  in  appearance  from  both  of  its  constituents,  and 
its  identity  with  the  product  of  the  methylation  of 

(l?>CH3-C6H4-N3H-CeH4-Cl(i>) 

(Trans.,  1889,  4^7)  was  shown  not  only  by  its  crystalline  form  and 
melting  point,  but  also  by  an  examination  of  its  products  of  decom- 
position by  cold  hydrochloric  acid : 

0*3123  gram  in  10  c.o.  of  dilute  acid  (two  parts  strong  acid  to  one  of 
water)  dissolved  completely  in  30  minutes,  and  gave  on  preci- 
pitation 0*3315  gram  of  azonaphthol.  The  latter  proved  to  be  a 
mixture  of  paratolueneazo-/9-naphtboI,  and  parachlorobenzene- 
azo-/3-naphthol  in  approximately  equal  molecular  proportions. 
The  melting  point  of  the  mixed  azonaphthols  was  140 — 148°. 

0*2490  gram  gave  0*0814  gram  Ae:Cl  =  8*08  per  cent.  CI.  Calcu- 
lated  for  Cl-CHi-Na-CioHe-OH  +  C7H7-NaCioHe-OH :  CI  =  6*52 
per  cent. 

The  foregoing  results,  which  we  have  not  thought  it  necessary  to 
multiply  by  repetition  with  other  pairs  of  isomerides,  point  to  the 
conclusion  that  the  mixed  diazoamides  and  their  alkyl-derivatives 
have  double  the  molecular  weight  usually  assigned  to  them,  a  conclu- 
sion which  we  have  already  made  known  in  our  last  paper  (Trans., 
1889,  443)|,%nd  which  is  in  harmony  with  their  behaviour  on  decom- 
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poeition  by  acids,  as  well  as  hj  the  varions  other  reagents  which 
have  been  tried  upon  them  by  previous  investigators. 

On  considering  the  means  by  which  two  molectdes  of  a  diazoamide 
can  unite,  it  appears  most  reasonable  to  assign  the  power  of  combina- 
tion to  the  presence  of  unsaturated  groups  in  the  molecules.  If  the 
benzene  rings  have  the  ordinary  constitution,  and  not  that  which 
exists  in  the  diketone  form  of  the  ring,  then  the  most  unsaturated 
group  present  in  these  compounds  is  unquestionably  the  chain  of 
nitrogen-atoms  — ^NiN'NH — .  Such  groups  might  combine  by  the 
liberation  of  one  bond  of  each  of  the  two  atoms  of  the  Nj-group, 
— NIN'H —  becoming  — N-N'NH— .  It  seems  not  improbable  that  the 
association  of  the  Na-group  with  another  nitrogen-atom  would  weaken 
the  union  between  the  atoms  of  that  groajK  If  two  such  chains  of 
nitrogen-atoms  combine,  the  result  will  be  a  four-atom  ring  of  the 
form——  • 

— N— N— NH—  ^N— N— NH— 

_N-.]!^_NH-    ''''     _HN-N-N- 

The  mixed  diaeoamides  may  thus  be  regarded  as  derived  from  the 
hypothetical  substance — 

HN— NH 
HN— NH* 

This  compound  may  possibly  be  capable  of  isolation^  and  we  pro- 
pose to  make  experiments  with  the  object  of  preparing  it.  The  sub- 
stance is  the  as  yet  unknown  tetrimine^  the  di-derivatives  of  which 
are  capable  of  two  theoretical  isomerides,  viz.,  a  consecutive  and  an 
opposite  modification : — 

XN— NH  ^       XN— NH 

I       I  and  I      * 

XN— NH  HN— NX' 

The  mixed  diazoamides  miji^ht  therefore  be  looked  upon  as  deriva- 
tives of  the  diamidotetrimines  : — 

HN— N— NH,         ^  HN— N— NHa 

Hisr-N-^NH.     "^^     H.N-N-NH        * 

Another  view  respecting  the  combination  of  the  nitrogen-atoms  is 
that  the  coalescence  occurs  by  the  development  of  pentavalent 
functions  on  the  part  of  one  or  more  of  the  atoms.  On  this  view  we 
may  have  the  groupings — 

— N=N— NH— '  —NzzS—'NIL  — N=ZN— NH ^NziN— NH— 

M  >         M       II  '  II  '  II 

— NziN— NH I^ZZN—NB.  — N-N— NH ^NziN— NH— 

I.  n.  ni.  IV. 

8  G  2 
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It  is  impossible  to  decide  between  formula  II  and  th^  one  which,  we 
have  pi^evionsly  suggested.  The  two  formulas  are  in  fact  identical 
in  every  respect,  excepting  the  internal  linking  of  the  atoms  of  the 
nitrogen  ring,  and  no  advantage  is  gained  bj  the  use  of  the  alterna- 
tive formula.  On  the  other  hand  formuleo  I,  III,  and  IV  are  open  to 
the  objection  that  they  represent  the  nitrogen-atom  as  developing  the 
pentavalent  f auction  for  the  purpose  of  combining  with  another  atom 
of  the  same  element,  a  view  for  which  there  is  at  present  but  little 
support.* 

The  force  which  binds  together  the  two  isomeric  molecules  con- 
stituting the  mixed  diazoamides  is  .certainly  of  a  more  feeble  character 
than  that  which  is  generally  recognised  at  the  present  time  as  con- 
stituting true  chemical  combination.  As  will  be  seen  further  on  from 
our  experimental  results,  the  compounds  partake  more  or  less  of  the 
character  of  the  so-called  "  molecular  compounds."  Many  chemist^} 
have,  however,  expressed  the  belief,  in  which  we  coincide,  that  there 
is  no  difference  in  the  nature  of  the  attraction  which  binds  together 
the  atoms  in  these  "  molecular  compounds,"  and  that  which  is  con- 
cerned in  ordinary  stable  combinations.  The  difference  between  the 
attractive  forces  in  the  two  classes  of  combination  is  now  very  widely 
recognised  as  being  one  of  degree  and  not  of  kind.  Although  this 
admission  necessitates  in  many  .cases  an  extension  of  the  ideas  con- 
cerning variable  valency,  such  as  in  double  salts,  the  combination  of 
salts  with  water  of  crystallisation,  alcohol  of  crystallisation,  4&c.,  the 
particular  compounds  now  under  consideration  admit  of  formulation 
on  recognised  principles  on  the  view  of  their  constitution  previoujaly 
expressed.  But  although  the  mode  of  combination  suggested  appears 
to  us  the  most  probable,  we  do  not  wish  to  insist  upon  the  final  adop- 
tion of  the  proposed  formula.  The  outcome  of  our  investigation  at 
this  stage  has  simply  been  to  show  that  there  is  a  residue  of  affinity 
between  the  two  isomeric  molecules,  and  that  this  residual  attraction 
is  most  probably  exerted  between  the  pair  of  — NIN'NR'-r  groups. 
It  seems  legitimate  to  represent  this  combination  by  ordinary  consti- 
tutional formulas,  but  inasmuch  as  the  mode  of  linkage  between  the 
nitrogen-atoms  suggested  by  us  raises  the  whole  question  of  the  con- 
stitution of  nrolecular  compounds,  we  shall  throughout  this  paper,  in 
all  cases  where  possible,  use  formulaB  representing  only  the  fact  of 
combination  between  the  four  nitrogen-atoms,  without  attempting^  to 
represent  their  precise  mode  of  linkage.  These  formulas  will  there- 
fore contain  the  groups — 

*  The  recent  researches  of  Burch  and  M&rsh  (Trans.,  1889,  656)  may  ultimately 
have  somp  bearing  on  this  poin^. 
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Tlie  discussion  of  the  theoretical  points  arising  from  the  kind  of 
combination  which  onr  researches  have  revealed  will  be  better  under- 
taken when  more  light  has  been  concentrated  on  the  subject  of  mole- 
cular combination  bj  independent  lines  of  investigation. 

II.  Combination  and  Alktlation  in  the  Absence  or  Htdroltsing 

Solvents. 

The  foregoing  syntheses  having  proved  that  the  compound  formed 
hj  direct  alkjlation  could  in  all  cases  be  pi*epared  synthetically  by 
combining  the  two  isomerides  X'N2'N'R''Y  and  Y-Na-NR'^X,  it 
naturally  occarred  to  us  whether  the  solvent  (alcohol)  is  instrumental 
in  bringing  about  the  combination.  In  order  to  test  this  point,  equal 
weights  of  the  isomerides  (jp)Cl-C6H4-N8-N(CH,)-C«H4-CH8(p)  and 
(p)CHs-CeH4-N,-N(CH3)-O.H4-Cl(j;)  were  boiled  together  in  benzene 
solution,  and  the  product  crystallised  out  by  the  addition  of  petro- 
leum. The  compound  thus  obtained  had  a  melting  point  of  80 — 82°, 
and  was  identical  with  that  formed  in  alcoholic  solution,  thus  proving 
that  the  combination  is  not  dependent  on  the  solvent.  It  was  then 
found  that  combination  could  be  also  brought  about  by  simply  fusing 
the  dry  solids  together  in  a  test-tube  immersed  in  boiling  water. 

The  synthetical  experiments  thus  show  that  mixed  alkyl-diazo- 
amides  have  the  general  formula — 

Y-^^^'^NR'-X' 

and  as  they  are  produced  by  the  direct  alkylation  of  the  mixed  diazo- 
amides,  it  follows  that  the  latter  must  be  constructed  on  a  similar 
type  :— 

y;>^4^NH-X- 

We  are  aware  that  this  result  is  at  variance  with  that  arrived  at  by 
other  investigators.  Thus  Sarauw  (5ei».,  1S8I,  2442;  and  1882,  42), 
by  acting  on  mixed  diazoamides  with  phosgene  in  benzene  solution, 
and  decomposing  the  diazo-urea  by  heating  with  water,  comes  to  the 
conclusion  that  the  mixed  diazoamides  have  the  definite  formula 
X'Na'NH'Y,  in  which  Y  is  always  the  more  negative  radicle.  A 
similar  conclusion  with  respect  to  mixed  diazoamides  containing  two 
dissimilar  aromatic  radicles  has  been  arrived  at  by  Goldschmidt  and 
Molinari  (Ber.,  1888,  2578),  by  a  study  of  the  action  of  phenyl  iso- 
cjanate  upon  these  compounds,  and  the  decomposition  of  the  diazo- 
urea  thus  formed.  The  results  of  both  these  investigators  are, 
however,  open  to  other  interpretations,  and  the  products  obtained  by 
them- are  of  a  very  mixed  character*     We  have  no  desire  to  offer  any 


Digitized  by  VjOOQIC 


790  MELDOLA  AND  STREATFEILD:   RESEARCHES  ON 

critical  remarks  upon  these  iDvestigations  at  present,  bat  with  respect 
to  the  phenjl  ifiocjanate  reaction,  we  may  point  ont  that  the  qnantitj 
of  this  reagent  nsed  was  based  on  the  assumption  that  the  mixed 
diazoamides  had  half  the  molecular  weight  which  we  beliere  them  to 
possess,  and  that  a  selective  action  might  very  well  take  place  under 
these  circumstances.  In  other  words,  a  fractional  separation  of  the 
constituents  of  the  molecule  would  account  for  the  results  obtained 
by  Goldschmidt  and  Molinari.  From  our  present  standpoint,  it  appears 
desirable  to  reinvestigate  the  action  of  isocyanates  upon  the  diazo- 
amides, and  we  hope  at  some  fnture  period  to  make  the  necesfiaiy 
experiments. 

It  may  fairly  be  urged  that  the  mixed  diazoamides  have  really  the 
definite  formula  X'Nj-NH-Y,  and  that  duplication  and  molecular 
rearrangement  with  the  formation  of  the  two  isomerides  takes  place 
during  the  alkylating  process.  In  order  to  test  this  suggestion,  a 
mixed  diazoamide  was  prepared,  and  the  dry  silver  salt  alkylated  in 
benzene.  The  following  are  the  details  of  the  experiment,  in  the 
parrying  out  of  which  we  had  the  assistance  of  Mr.  Frank  Hughes, 
one  of  our  students,  to  whom  we  wish  to  express  our  thanks  for  the 
valuable  aid  rendered  in  this  as  well  as  in  other  portions  of  the 
work : — 

Parachloraniline  was  diazotised,  and  the  solution  of  the  diazo- 
chloride  gradually  ponred  into  an  alcoholic  solution  containing  two 
molecular  proportions  of  paratoluidine  and  some  sodium  acetate. 
The  diazoamide  was  thrown  out  by  dilution  with  water,  and  the 
product  collected,  washed  with  water,  and  twice  crystallised  from 
alcohoL  It  forms  slender,  yellow  needles  melting  at  129 — ISff* 
(Heumann  and  Oeconomides,  Ber.^  1887,  909).  The  purity  of  the 
compound  was  established  by  analysis  : — 

0-1498  gram  gave  0'0895  gram  AgCl. 

Caloulated  for  07H7*N^C»H4-G1.  Found. 

CI   14-46  14-78 

In  order  to  see  whether  the  compound  behaved  as  all  mixed  diaao- 
amides  and  gave  the  usual  mixture  of  four  compounds,  it  was  decern* 
posed  by  hydrochloric  acid  by  the  method  adopted  by  us  throughout 
these  investigations : — 

0*2646  gram  dissolved  in  10  c.o.  of  strong  acid  in  one  hour  without 
leaving  any  residue.  The  solution,  on  dilution  with  water  and  pre* 
cipitation  by  adding  to  an  alkaline  solution  of  /9-naphthol,  gave  a 
bright  red  precipitate,  which,  after  being  collected,  washed  with 
water,  then  with  dilute  acid,  and  again  with  water  and  dried,  weighed 
0*2950  gram  =:  111*4  per  cent.  The  product  was  a  mixture 
(m.  p.  135^-142''),  and  gave  on  analysis  the  following  resulta: — 
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0-2716  gram  gave  0*0700  gram  AgCl  :— 


Galoulatedfor: — 

CjHyNj-CioHe-OH  Found. 

LCa-CeH4-N,OjoHe-OH- 

CI  652  6-37 


{< 


The  decomposition  may  therefore  be  considered  as  taking  place 
quantitatively,  in  accordance  with  the  equation— 

(%^g£S:>^*<S2S^^^^  ^  2HC1  =  (^)CH..CJI.N,.C1 

-f  (i?)Cl-CaH4-N,-Cl  +  (p)Cl-C.H4-NH2  +  (|>)CH,-C.H4-NHa. 

This  experiment  is  of  importance  as  proving  quantitatively  that 
the  unalkylated  diazoamides  decompose  in  precisely  the  same  way  as 
their  alkyl- derivatives. 

The  silver  salt  was  then  prepared  by  dissolving  the  compound  in 
alcohol  with  the  addition  of  ammonia,  and  adding  an  excess  of  an 
ammoniacal  solution  of  silver  nitrate  diluted  with  alcohol.  The  salt 
is  precipitated  at  first  as  a  yellow,  gelatinous  substance,  which  soon 
changes  into  a  crystalline  form,  consisting  of  slender  needles  of  a 
bright  yellow  colour.  This  property  of  first  coming  down  gelatinous, 
and  then  becoming  crystalline  on  standing,  is  characteristic  of  the 
silver  salts  of  diazoamides  (Trans.,  1888,  671).  The  silver  salt  was 
collected,  washed  well  with  alcohol  (in  which  it  is  quite  insoluble), 
then  with  water,  and  finally  with  alcohol,  and  dried.  The  silver  was 
determined  by  dissolving  a  known  weight  in  strong  nitric  acid, 
diluting  with  water,  and  adding  hydrochloric  acid. 

0-1804  gram  gave  0-0735  gram  AgCL 

Oaksuliited  for 
(C7H7-N,Ag-CeH«Cl)j|.  Found. 

Ag 30-65  30-67 

The  silver  salt  does  not  readily  react  with  methyl  iodide  when  the 
latter  is  diluted  with  dry  benzene.  Six  hours'  cohobation  with  excess 
of  methyl  iodide  mixed  with  benzene  did  not  effect  decomposition. 
The  same  mixture  decomposed  the  silver  salt  only  after  being  heated 
for  three  days  in  a  sealed  tube  in  a  water-bath.  Methyl  iodide  alone 
decomposed  tlie  salt  when  heated  with  the  latter  in  a  sealed  tube  in  a 
water-bath  for  two  hours.  In  both  cases,  after  filtering  off  the  silver 
iodide  and  allowing  the  solvent  to  evaporate,  the  same  product  was 
obtained,  viz.,  the  modification  melting  at  80 — 82^,  identical  with  that 
obtained  by  alkylation  with  alcoholic  potash  and  methyl  iodide. 

We  admit  that  this  experiment  by  itself  does  not  prove  that  the 
mixed  diazoamides  have  the  formula  which  we  have  assigned  to  them. 
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bat  it  shows  that  the  isomerides  are  not  formed  during  the  alkylation 
in  the  presence  of  water  or  alcohol,  and  thns  pushes  the  explanation  at 
least  one  stage  further  back,  viz.,  to  the  period  of  the  initial  forma- 
tion of  the  mixed  una'lkjlated  diazoamide.  If  then  the  latter,  on  the 
old  view,  have  the  formula  X*N2'NH-7,.we.must  suppose  that  daring 
alkjlation  two  potassium  salts  are  formed : 

X-Nj-NK-Y  and  Y-N,-NK-X, 

or,  on  the  hydrolytic  (electrolytic)  theory  (Qoldschmidt  and  Meissler, 
Ber.,  1890,  253),  that  the  intermediate  compounds  are  produced : 

X— ]JT— N— N— Y  and  X— N— IJT— N— Y 
HHO    k  KHO    fl:      ' 

these  becoming  alkylated  and  losing  water  and  then  combining. 
Bat  these  are  arbitrary  assumptions,  and  when  we  consider  that  the 
unalkylated  compound  decomposes  in  precisely  the  same  way  as  the 
alkyl-derivative,  it  is,  as  it  appears  to  us,  more  reasonable  to  con- 
clude that  the  molecules  are  constructed  on  the  same  type,  yii. : — 

Y  ^^^'^NH-X '      Y  ^^^'^NAg-X  •      Y^^*'^N(CHa)-X  • 

in.  Stkthssis  of  Heteboobneous  Mixed  Aletl-duzoakides. 

The  view  that  the  combination  of  isomeric  mixed  diazoamides  takes 
place  by  virtue  of  the  unsaturated  chain  of  nitrogen-atoms,  leads 
naturally  to  the  inference  that  other  pairs  of  mixed  diazoamides 
which  are  quite  dissimilar  should  also  be  capable  of  forming  com- 
pounds. That  such  is  the  case  has  already  been  made  known  in  a 
preliminary  note  by  one  of  us  (Trans.,  1889,  610).  The  field  has 
thus  been  ox>ened  for  the  preparation  of  a  class  of  compounds  contain* 
ing  four  dissimilar  aromatic  radicles  and  two  similar  or  dissimilar 
alkyl-groups  of  the  type  : — 

X>.j.^NR'-Y 
A-^^^^NR'B- 

It  is  proposed  to  describe  these  as  heterogeneous  mixed  diazoamides, 
to  distinguish  them  from  the  former  compounds,  which  contain  only 
two  different  aromatic  radicles,  and  which  may  be  termed  homo* 
geneous  mixed  diaaoamides.  The  latter  might,  of  coarse,  contain 
dissimilar  alkyl  radicles.  When  the  compounds  contain  two  similar 
aromatic  radicles,  they  may  be  described  as  normal  diazoamides 
(PhU,  Mag.,  1887,  618). 

A  large  number  of  synthetical  experiments  have  been  made  with 
the  object  of  ascertaining  which  pairs  of  alkyl-diasoamides  could  be 
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Oombined.  Onr  first  attempt  resalted  in  the  saccessfnl  synthesifl  of  a 
very  stable  compoand  ;  but  subsequent  experiments  gave  less  satis- 
factory results,  the  meaning  of  which  did  not  become  apparent  until 
we  had  fully  realised  the  fact  that  we  were  not  dealing  with  ordinary 
cases  of  stable  chemical  combination.  A  general  survey  of  the 
resalts  thas  far  obtained  enables  us  to  state  that  every  pair  of  mixed 
alkyl-diazoamides  will  combine,  but  the  resulting  compounds  display 
varioQS  degrees  of  stability,  according  to  the  nature  of  the  sub- 
stituents  in  the  aromatic  radicles,  and  according  to  the  alkyl  radicle 
attached  to  the  nitrogen-atom.  A  much  larger  number  of  syntheses 
will  have  to  be  studied  before  the  precise  conditions  determining 
extreme  stability  can  be  determined,  bat  it  is  obviously  an  investiga- 
tion worthy  of  a  large  amount  of  labour.  The  class  of  compounds 
which  we  have  had  under  investigation  appears  in  fact  of  special 
interest  from  the  point  of  view  that  it  presents  every  degree  of 
transition  between  stable  chemical  molecules  and  what  would  be 
called  *^  molecular  compounds."  Thus  homogeneous  mixed  alkyl- 
diazoamides,  formed  by  the  coalescence  of  two  isomeric  molecules, 
appear  to  be  the  most  stable.  The  stability  of  heterogeneous  mixed 
alkyl-diazoamides  decreases  as  the  aromatic  nuclei  become  more  acid 
by  the  introduction  of  acid  substitaents. 

1.  Combination  of  Diazometanttrohtnzene'methylparateluide  with  Diazo- 
parahromohenzene-rriethylparatoluide. 

The  first  of  these  compounds,  which  has  not  yet  been  described, 
was  prepared  by  diazotising  metanitraniline,  and  mixing  the  solution 
^ith  the  calculated  quantity  of  methylparatoluidine  oxalate  dissolved 
in  water  contaioing  an  excess  of  sodium  acetate.  On  mixing  the 
solutions,  a  reddish  precipitate  at  once  forms,  and  this,  after  being 
collected  and  washed  with  cold  water,  was  puriBed  by  two  crystallisa- 
tions from  alcohol.  The  pure  compound  forms  flat  needles  of  an 
orange  colour,  and  having  a  golden  lustre. '  The  melting-  point  is 
101— 102^ 

00920  gram^ve  16-3  c.c.  moist  N  at  19?  C.  and  763-3  mm.  bar. 

Calculated  for 
NO,-CeH4N,(CHa)-CjH7.      Fouad. 

N     20-74  20-44i 

This  compound  and  the  other  with  which  it  had  to  be  combined 
were  weighed  out  in  molecular  proportions,  dissolved  in  the  smallest 
possible  quantity  of  boiling  alcohol,  and  the  solution  kept  boiling  for 
about  an  hour  in  a  flask  with  a  reflux  condenser.  On  cooling,  a  crys- 
talline deposit  was  obtained  which,  when  dry,  had  a  melting  point  of 
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85 — 100°.  The  melting  points  of  the  constitnenta  are  101 — 102*  asd 
113 — 114°.  After  four  crystallisations  from  alcohol,  the  melting 
point  remained  constant  at  81 — 83**.  A  microscopic  examination  of 
the  crystals  at  this  stage  showed  that  they  consisted  of  a  mixture  of 
fiat,  yellow  needles  and  ochreoas  plates,  and  we  thought  that  no  com- 
bination had  taken  place.  The  crystallisations  from  alcohol  were 
therefore  continued  in  the  full  expectation  that  one  of  the  oon* 
stitnents  would  by  this  means  be  separated,  and  that  the  melting 
point  would  show  a  corresponding  change.  After  eight  crystalliBa- 
tions,  however,  the  melting  point  was  unchanged,  and  the  substance 
still  appeared  to  be  a  mixture  of  crystals  under  the  miciosoope.  If 
the  product  had  been  a  mere  mechanical  mixture  of  the  two  com- 
ponents, it  is  impossible  that  continued  fractional  crystallisation 
should  not  remove  a  larger  proportion  of  the  more  soluble  consUtnent 
and  thus,  even  if  the  melting  point  bo  disregarded  as  a  criterion  of 
individuality,  the  percentage  of  bromine  must  have  been  altered. 
After  the  eighth  crystallisation,  the  following  result  was  obtained  on 


I.  01152  gram  gave  0*0385  gram  AgBr  =  14*22  per  cent.  Br. 

The  substance  was  then  crystallised  once  more  from  a  large  volame 
of  alcohol,  and  the  first  crop  of  crystals  filtered  off  as  soon  as  they 
had  separated.  The  melting  point  was  unchanged,  viz.,  81^^°,  and 
a  bromine  determination  gave  the  following  results: — 

II.  01145  gram  gave  00380 gram  AgBr  =  14*12  per  cent.  Br. 

So  far  as  melting  point  and  analysis  indicate  chemical  individnalityy 
the  compound  was  thus  proved  to  be  anresolvable  by  nine  sucoeaaive 
crystallisations  from  alcohol : — 

Calculated  for  Found. 

(p)Br '  C.H4>^*^N(CH3c,Hy(p)-  I.  IL 

Br 13-94  1422        1412 

The  possibility  then  occurred  that  the  two  constituents  combined 
only  in  the  hot  solution,  and  that,  on  cooling,  thej  separated  9ut 
uncombined — in  other  words,  that  we  were  dealing  with  a  case  of 
unstable  endothermic  combination.  We  therefore  took  a  consider- 
able quantity  of  the  substance  which  had  been  crystallised  nine  times, 
and  which  appeared  under  the  microscope  to  consist  of  a  mixture  of 
crystals,  and,  after  reducing  it  to  an  impalpable  powder  in  an  agate 
mortar,  it  was  thrown  into  a  large  volume  of  cold  alcohol,  and  allowed 
to  stand  with  frequent  agitation  till  about  one-half  of  the  whole 
quantity  of  anbstance  had  dissolved  up.  The  solution  was  then 
filtered  off,  and  the  dissolved  portion  thrown  out  by  dilation  witk 
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water,  after  wliich  it  was  collected  and  dried.    The  molting  points  of 
the  two  fractions  when  dry  were— 

I.  Dissolyed  portion.  11.  Besidue. 

81—86''  81—82*' 

The  melting,  point  of  the  dissolved  portion  was  thns  slightly 
altered,  a  fact  which  perhaps  indicates  an  incipient  separation  of  the 
constitnents  fgr  reasons  which  will  appear  later  on.  The  two  frac- 
tions still  had  approximately  the  same  chemical  composition : — 

01070  gram  (No.  I)  gave  00352  gram  AgBr  =  14'00  per  cent.  Br. 
0-1406     „     (No.  II)    „    0-0496         „  =1601 

The  constitntion  of  the  compound  as  dedoced  from  the  analytical 
results  was  in  the  next  place  verified  by  quantitative  decomposition 
with  hydrochloric  acid : — 

0'1784  gram  (Nos.  I  and  II  mixed)  dissolved  immediately  in  4*5  c.c. 
of  strong  acid  without  residae  or  coloration,  and  gave  0*1775  gram  of 
azonaphthols,  corresponding  to  99'5  per  cent.  The  crude  azonaph- 
thols  had  a  melting  point  of  135 — 155°,  and  proved  to  be  a  mixture 
of  metanitrobenzeneazo-jS-naphthol  and  the  corresponding  parabromo- 
benzene  compound : — 

01573  gram  gave  0*0493  gram  AgBr  =  13*33  per  cent.  Br. 

The  mixture  NOs-CiH4-N,-CjoH.*OH  ^  Br-CjHi-Na-CaoHe-OH  requires 
12'9  per  cent.  Br.  The  decomposition  is,  therefore,  quantitative  in 
the  sense  of  the  equations — 

^"]Sr'^C;S>^*^^^^^  ^  ^^°^=  (m)NOvC.H..N,.Cl 

-h  Cp)BrGeH4-N2-Cl  +  2(p)aH7-NH-CHl. 
The  percentage  of  aoonaphthols  calculated  from  the  eqoation  is : — 

(p)Br-CI.H4-Na-OioH.-OH(y3) 52*75 

(m)NOa-(iH4*Na-CioHe-OH(0)  ....     47*25 

The  bromine  found  corresponds  to  a  mixture  of  the  composition : — 

(p)Br-CI.H4-N,-CioH.-OH()3) 53*24 

(m)N02*C«H4-N,*CioHi-OH(i8)  . . . ,     46*76 

This  synthesis,  therefore,  establishes  the  existence  of  heterogeneous 
mixed  alkyl-diazoamides  perfectly  analogous  to  the  corresponding 
homogeneous  compounds.  The  occurrence  of  the  two  forms  of  crystals 
and  the  slight  modification  of  melting  point  observed  in  the  portion 
dissolved  by  cold  alcohol  point  to  the  conclusion  that  the  substance, 
although  homogeneons  in  chemical  composition,  may  consist  of  a 
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mixture  of  isomerides.  .  These  may  possibly  be  the  two  posiiion-iBa' 
merides  indicated  by  theory.  It  is  evident  that  the  two  constituents 
may  combine  in  two  ways  so  as  to  give  the  consecntive  and  opposite 
modifications  :-^ 

(m)N02-CeH,-N— N-N(CH3)-CtH,(2)) 
(2?)Br-OeH4-N— N-N(CH3).C7H7(p) ' 
(m)N02-CeH,-N— N-N(CH3)'C7Ht(jp) 
(2?)Br-C,H4-(CH,)N-:Nr— N-C.H4-Br<2>) 

It  is  also  possible  that  the  two  forms  of  crystals  may  really  repre- 
sent the  componenta  lying  side  by  side,  as  in  other  ordinary  cases  of 
molecalar  combination.  Whichever  explanation  may  prove  the 
correct  one,  the  main  fact  est-ablished  by  this  synthetical  ezperiment 
is  that  combination  of  some  kind  takes  place  between  the  two  con- 
stituents. The  only  other  explanation  of  the  results  is  that  the  two 
compounds  have  the  same  degree  of  solubility  in  alcohol,  or,  more 
exactly,  that  they  dissolve  in  this  solvent  in  the  ratios  of  their 
molecular  weights,  so  that,  after  the  ten  crystallisations  given,  the 
mixture  still  retained  its  equimolecular  composition.  In  order  to  test 
this  explanation,  the  following  experiment  was  made : — 

The  two  compounds  which  had  been  combined  in  the  preceding 
experiment  were  weighed  out  in  equimolecular  proportions,  and 
mixed  intimately  by  grinding  together  to  a  fine  powder  in  an  agate 
mortar.  The  powder  was  then  extracted  by  cold  alcohol  by  allowing 
it  to  remain  for  two  or  three  days  under  a  considerable  excess  of  the 
solvent,  the  action  of  the  latter  being  promoted  by  occasional  stirring. 
The  residue  was  then  collected  on  a  filter  and  dried  in  the  air,  as  it 
was  found  that  the  powder  while  wet  with  alcohol  fused  at  once  to  an 
oil  if  placed  in  a  water-oven,  this  fusion  no  doubt  indicating  the 
formation  of  the  heterogeneous  mixed  alkyl-diazoamide  described 
above.  The  air-dried  residue  was  then  analysed,  two  bromine  esti- 
mations being  made  in  each  case,  as  the  powder  could  be  seen  to 
consist  of  a  mixture  of  the  two  constituents.  The  process  of  extrac- 
tion, drying,  and  analysis  was  repeated  as  long  as  a  sufficient  residue 
was  lett  for  the  bromine  determinations.  The  following  resnlts  were 
obtained  : — 

1.  After  the  first  extraction,  the  residue  contained  13'44  per  cent. 

of  bromine  (mean  of  two  analyses). 

2.  After  the  second  extraction,  the  residue  contained  15*92  per  cent. 

of  bromine  (mean  of  two  analyses). 

3.  After  the  third  extraction,  the  residue,  which  was  only  sufficient 

for  one  analysis,  contained  23'32  per  cent,  of  bromine. 

The  two  compounds  were  thus  shown  to  possess  difE^rent  degrees  of 
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solabilitj,  the  compoand  contaming  the  parabromaniline  residue  being 
the  less  soluble.  After  three  extractions  with  cold  alcohol,  the 
bromine  fonnd  in  the  residue  wa.8  only  3  per  cent,  below  that  re< 
quired  by  the  pnre  parabromo-compound.  Comparing  this  with  the 
14  per  cent,  of  bromine  found  after  10  crystallisations  from  hot 
alcohol,  the  existence  of  some  combining  power  between  the  two 
compounds  is  clearly  brought  out. 

2.  ComhtnaUon  of  DiaaO'^-naphthaleTie'methylparatoluide  with  Diaxo- 
parabromobenzene-methylparatoluide. 

The  first  of  these  componnds  was  prepared  in  the  usual  way  by 
combining  diazotised  |9>naphthylamine  with  the  calculated  quantity 
of  methylparatoluidine  emulsified  in  sodium  acetate  solution.  The 
product,  after  crystallisation  from  alcohol,  forms  long,  brownish 
needles  melting  sharply  at  114^.  The  purity  of  the  preparation  was 
ascertained  by  analysis : — 

01027  gram  gave  13-4  c.c.  moist  N  at  14**  C.  and  7462  mm.  bar, 

Calculated  for 
CioH7N,N(CH8).C7H7.  Found. 

N 16-27  15-25 

This  and  the  parabromo-compound  were  weighed  out  in  molecular 
proportions  and  boiled  in  alcoholic  solution  for  2 — 3  hours.  The 
product  was  collected  and  crystallised  from  alcohol  in  order  to 
ascertain  whether  a  compound  of  definite  composition  and  melting 
point  could  be  obtained.  The  two  compounds  have  practically  the 
same  melting  point  (114°).  The  results  of  five  crystallisations  were 
87— 88^  87—89°,  87-5—90%  88^90%  88-5—90°.  ..It  was  evident 
from  the  melting  points  that  combination  had  also  occurred  in  this 
case.  The  product  was  analysed  at  this  stage  with  the  following 
results : — 

0'1054  gram  gave  13*6  c.c.  moist  N  at  15°  G.  and  746*5  mm.  bar. 
0-2265     „  „    0-0781  gram  AgBr. 

Calculated  for 

N 14-51  14-81 

Br 13-92  1467 

After  a  sixth  crystallisation,  the  melting  point  was  88 — 90°  :— 

0-1704  gram  gave  0*0580  gram  AgBr  =  1448  p.  c.  Br. 

After  a  seventk  crystallisation,  the  substance  was  examined  n^icro- 
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scopically,  and  seen  to  consist  of  a  mixture  of  brownish  needles  and 
ill-defined,  ochreoas  scales.  The  crystals  were  separated  as  far  as 
possible  in  order  to  determine  the  melting  point :— Ochreoas  scales, 
87 — 88'' ;  brown  needles,  87 — 89*.  After  an  eighth  crystallisation  of 
the  total  product,  the  melting  point  was  87 — 88*. 

01835  gram  gave  00630  gram  AgBr  =  14-61  p.  c.  Br. 

After  a  tenth  crystallisation,  the  same  mixture  of  crystals  was 
observed :  needles,  m.  p.  86*6 — 89* ;  scales,  m.  p.  86*6 — 87-5*. 

01667  gram  gave  0'04i92  gram  AgBr  =  13^44  p.  o.  Br. 

This  experiment,  as  far  as  it  goes,  f  ally  supports  the  resnlt  o£  the 
previous  synthesis.  The  heterogeneous  compound  thus  obtained 
could  not,  however,  be  decomposed  quantitatively  by  our  usual  method, 
because  of  the  presence  of  the  /^-naphthalene  residue,  which  compli- 
cates the  results  of  decomposition*  by  acid,  owing- to  the  formation  of 
an  amidoazo-compound^  no  doubt  Br'C«H!4'N,'CioHe'NHi(/3).  That 
actual  combination  had  occurred,  amd  that  we  were  not  dealing  with 
a  mere  mixture  of  compounds  soluble  in  aleohol  in  the  ratios  of 
their  molecular  weights,  was  established  by  the  following  contiol 
experiment : — 

The  two  compounds  were  weighed  out  in  equimolecular  proportions, 
and  reduced  to  an  impalpable  powder  by  grinding  together  in  an 
agate  mortar.  The  mdxtnre  was  extracted  four  times  in  succession 
with  cold  alcohol,  and  the  dry  residue  analysed  after  each  extraction 
with  the  following  results : — 

I.  0-1644  gram  gave  00569  gram  AgBr  =r  13*69  p.  c. Br. 
II.  0-^03    „        ,r     0-0604     „        „      =  1166      „ 

III.  0-li618r    „        „     00329     „        „      =    8-65      „ 

IV.  a2346    „        „     0-0307     „        „      =    6-57       „ 

The  sabetatnce  was  all  used  up  hj  the  last  analysis,  but  the  result 
is  conclusive  as  proving  the  unequal  solubilfties  of  the  two  com- 
ponnds^  It  is  of  interest  to  note  that  the  order  of  solubility  is  the 
reverse  of  that  observed  in  the  preceding  systhesis,  t.a.,  the  para- 
bromo-compound  is  the  more  8olu>ble. 

3.  Other  Syntheses  and  Oeneral  EemarJes  on  the  Nature  of  the  OombinO' 
turn  between  Mixed  Alkyl'diazoamides. 

Several  other  syntheses,  in  addition  to  the  foregoing,  have  been 
studied,  but  it  will  be  only  necessary  to  give  an  abstract  of  the 
results  and  the  conclusions  to  which  they  have  led : — 

A.  The  pair  of  compounds  (p)CioEi''!if,'l^ (CHsyC^E^(p)  (m.  p. 
114*)   and   (i>)C7H,-N,-N(CH,)-C,H«-BrO?)  (m.  p.  99-6°)  combined 
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with  the  formation  of  a  compound  haying  a  most  indefinite  range  of 
melting  points.  After  10  crystallisations,  the  product  melted  at 
110^113'',  and  we  thought  that  the  /3-uaphthalene  compound  was 
sijnplj  being  removed  as  the  less  soluble  constituent.  Analysis 
showed,  however,  that  this  was  not  the  case,  as  the  product  contained 
16'45  per  cent,  of  bromine. 

B.  The  pair  (m)NO,-C.H4-Na-N(CH,)-C7HT(p)  (m.  p.  101—102°) 
and  (p)Br-C.H4-N,-N(C,H,)-C.H4-NO,(m)  (m.  p.  135—136*')  gave  a 
prodnct  having  a  very  vague  melting  point.  Commencing  at 
104 — 113°,  after  six  crystallisations,  the  melting  point  was  135 — 136°, 
and  analysis  showed  that  the  parabromo-componnd  had  been  sepa- 
rated out  in  an  unaltered  condition.  The  combination  in  this  case 
was  of  an  extremely  feeble  character. 

C.  The  pair  (m)l!fO^'G.B,''St'N(Gn^yC,B,(p)  (m.  p.  101—102°) 
and(m)NO,-CeH4-N,-N(C,HJ-C6H4-BrC2))  (m.  p.  111°)  gave  a  product 
melting  at  about  S3 — 97°.  The  melting  point  continued  to  rise  and  the 
percentage  of  bromine  to  increase  after  each  crystallisation.  After 
12  crystallisations,  the  pure  metanitroparabromo-compound  (m.  p. 
Ill**)  was  separated  oxrt,  so  that  in  this  case  also  the  combination  was 
of  a  very  feeble  kind. 

D.  The  pair  (m)NOa.CeH4N,-N(CH»)-C7H7Cp)  (m.  p.  101—102°) 
and  (j?)C,HT'Na-N(CH,>C.H4-Cl(|?)  (m.p.  92P)  gave  a  product  melt- 
ing  at  75 — 85°.  After  11  crystallisations,  the  melting  point  was 
about  102°,  and  the  product  was  free  from  chlorine,  so  that  the  meta- 
nitro-compefund  had  been  separated  out. 

B.  The  pair  Cw)NO,-C,H4-N,-N(CH,)-C7H,(2))  (m.  p.  101—102°) 
and  (j>)C7H7-Na-N(CH,)-CaH4-BrCp)  (m.  p.  995°)  gave  »  product 
melting  at  70 — 72°.  After  six  crystallisations,  the  metanitro-com- 
pound  was  separated.  The  experiment  was  repeated  by  dissolving 
the  two  compounds  in  a  minimum  quantity  of  hot  alcohol,  antd  then 
sealing  up  the  solution  in  a  tube  which  was  heated  in  a  water-bath 
for  4 — 5  hours.  The  product  was  the  same  as  before,  and  after  six 
crystallisations  the  pure  metauitro-compound  was  separated  out. 
From  this  experiment,  it  appears  that  heating  in  a  sealed  tube  under 
pressure  does  not  promote  combination  between  two  dissimilar 
alkyl-diazoamides  which  possess  only  a  feeble  power  of  combining. 

The  general  tendency  of  these  synthetical  experiments  is  to  show 
that  when  the  two  alkyl-diazoamides  are  very  dissimilar,  and  especially 
when  they  contain  radicles  made  acid  by  NOa,  Br,  or  CI,  the  combina- 
tion is  of  the  feeblest  character,  and  the  heterogeneous  compound  is 
easilj  resolvable  by  crystallisation  from  alcohol.  The  lowering  of 
melting  point  at  first  observed  in  the  products  of  all  the  experiments 
indicates,  however,  that  some  kind  of  combination  does  occur.  This 
fact  is  analogous  to  that  so  frequently  observed  in  the  course  of  the 


Digitized  by  VjOOQIC 


800      MELDOLA  AND  STREATFEILD :  RESEARCHES  ON 

pi*esenfc  researches,  viz.,  that  the  melting  points  of  the  homogeneons 
mixed  componnds,  whether  formed  by  direct  alkylation  or  hy  the 
coalescence  of  the  isomerides,  are  invariably  lower  than  that  of  either 
of  the  constituents  (Trans.,  1889,  431).  In  other  words,  X-N,-NR*-Y 
and  Y'Na'NR'*X  combine  to  give  a  product  of  lower  melting  point 
than  either  isomende,  this  product  being  possessed  of  the  highest 
degree  of  stability.  On  the  other  hand,  X-Nj-NR'-Y  and  A'Nj-NR'-B 
combine  to  give  a  product  of  lower  melting  point  than  either  of  the 
constituents,  but  possessed  of  a  lower  degree  of  stability,  and  more 
or  less  easily  resolvable,  according  to  the  acidity  or  degree  of  dis- 
similarity of  the  constituents. 

The  heterogeneous  mixed  compounds,  as  a  class,  are  decidedly  less 
stable,  t  e.,they  partake  more  distinctly  of  the  characters  of  molecular 
compounds  than  the  homogeneous  mixed  alkyl-diazoamides.  The 
most  stable  that  we  have  hitherto  succeeded  in  preparing,  viz.,  the 
two  described  at  the  beginning  of  this  section,  although  stable  up  to 
the  number  of  crystallisations  described  in  the  experiments,  may 
ultimately  be  resolved  by  continued  fractional  crystallisation,  but  the 
separation,  when  once  combination  has  been  effected  by  heating  the 
solution,  is  far  more  difficult  than  when  the  finely- powdered  consti- 
tuents are  extracted  with  the  cold  solvent,  as  appears  from  the  experi- 
ments previously  recorded.  It  must  be  pointed  out,  however,  that  the 
two  heterogeneous  compounds  referred  to  are,  strictly  speaking, 
partly  homogeneous,  as  both  pairs  contain  the  same  group, 
N(CH8)*C7^7,  aiid  they  are  heterogeneous  in  so  far  as  they  contain 
the  radicles  (m)NOa-06H4,  ()3)C,oH7,  and  (^)Br-C«H4.  The  most 
stable  combination  would  no  doubt  occur  between  pairs  containing  no 
acid  substituents,  but  the  pi'actical  difficulties  in  the  way  of  investi- 
gating such  pairs  are  insuperable,  as  we  have  already  pointed  out 
(Trans.,  1888,  665,  and  1889,  413).  The  alkyl-derivatives  of  mixed 
diazoamides,  obtained  from  unsubstituted  bases  such  as  aniline  and 
homologues,  &c.,  are  oily  at  ordinary  temperatures,  and  in  the  next 
place  it  is  essential  that  at  least  one  of  the  pair  should  contain  a 
halogen-atom,  as  by  this  means  alone  can  the  fact  and  degree  of  com- 
bination be  satisfactorily  ascertained  by  analysis.  Our  general  ex- 
perience in  effecting  combination  between  dissimilar  alkyl-diazoamides 
goes  to  show  that  the  most  favourable  conditions  for  securing  the 
result  are  rapid  crystallisation  from  the  hot  concentrated  solution. 
We  have  found  it  best  to  place  the  beaker  containing  the  hot  alcoholic 
solution  in  cold  water,  and  to  stir  the  liquid  with  a  glass  rod  till  it  is 
quite  cold  and  the  separation  of  the  crystalline  deposit  is  complete. 

There  is  one  consideration  arising  from  our  experiments  which  is  of 
importance,  both  in  connection  with  the  general  question  of  the  con- 
stitution of  the  mixed  diazoamides,  and  also  as  explaining  inanj 
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observations  with  referonoe  to  these  componnds  which  have  hitherto 
been  enigmatical.  According  to  the  conclusion  at  which  we  have 
arrived,  these  componnds  are  formed  by  the  coalescence  of  the 
isom^rides  X*N,'NH'Y  and  Y'N,'NH'X,  and  possess  the  formula : — 

Y>^*<v^H-X- 

Now,  it  has  been  shown  above  that  when  all  the  radicles  of  a 
heterogeneous  mixed  diazoamide  contain  acid  substituents,  the  com- 
bination between  the  constituent  pair  is  of  the  feeblest  kind.  It  thus 
seemed  not  improbable  that  mixed  compounds  containing  only 
isomerides,  and  not  dissimilar  constituents,  should  be  less  stable  when 
containing  acid  radicles  than  when  free  from  such  substituents.  By 
continued  crystallisation,  therefore,  it  seemed  likely  that  such  homo- 
geneous mixed  compounds  might  be  split  up  into  the  two  isomerides. 
One  experiment  which  we  have  carried  out  certainly  supports  this 
view.  Id  our  last  paper  we  described  the  compound  obtained  by  the 
action  of  diazotised  metanitraniline  on  parabromaniline  and  the 
methylation  of  the  product  (Trans.,  1889,  427).  As  the  melting 
point  of  this  compound  was  vague  (125—137*5°),  and  it  contained 
NO)  and  Br  in  the  radicles,  it  seemed  a  promising  compound  for  oar 
purpose.  The  purity  of  the  preparation,  from  a  chemical  point  of 
view,  had  previously  been  proved  by  analysis  (loc.  ctt).  This  sub- 
stance was  crystallised  repeatedly  from  alcohol,  and  it  was  found  that 
the  melting  point  rose  after  each  crystallisation,  becoming  constant 
after  10  crystallisations  at  160 — 161*.  The  chemical  composition 
was  unchanged,  and  it  was  evident  that  we  had  separated  out  the 
compound  (|>)BrC6H4'Na*N(CHj)*C6H4'N03(m),  i.e.,  the  compound 
produced  by  the  action  of  diazotised  parabromaniline  on  methylmeta-, 
nitraniline  (Trans.,  1889, 426).  A  parallel  experiment  was  made  with 
the  synthetical  product  obtained  by  combining  the  two  isomerides, 

(p)  BrC6H4-Na-N(CH,)-aH4-NO,(m)  and 
(m)N02-C.H4-Na-N(CH,)-C.H,-Br(2;), 

described  in  the  first  part  of  the  present  paper  (Experiment  3, 
Section  I).  After  10  crystallisations,  the  first  of  these  (m.  p. 
160 — 161°)  was  separated  out  as  before. 

The  foregoing  observation  enables  us  to  explain  a  result  which  for 
more  than  two  years  has  been  standing  in  our  note-book  as  awaiting 
further  elucidation.  In  a  former  paper  we  described  the  two 
isomerides, 

(m)NOa-C6H4-N,-N(C,Ha)-C,H4-Cl(p) m.  p.  106% 

(2?)Cl-CeH4-N,-N(C,H5)-C.H4-NO:^wO m.  p.  129  5% 

TOL.  LVIl,  3  H 
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stating  at  the  time  that  the  third  member  of  the  triplet  was  wanting^, 
owing  to  the  difficulty  of  getting  diazotised  metanitraniline  to  combine 
with  parachloraniline  or  trice  versd  (Trans.,  1888,  675).  It  is  now 
evident  that  the  difficulty  of  preparing  mixed  diazoamides  from  the 
nitranilines  and  parachloraniline  is  due  to  the  extremely  acid  subeti- 
tuents. 

Before  we  had  realised  the  true  nature  of  these  mixed  diazoamideSy 
an  attempt  had  been  made  to  complete  this  triplet  in  the  usual  way. 
Diazotised  metanitraniline  was  combined  with  parachloraniline 
suspended  in  sodium  acetate  solution,  and  the  product  crystallised 
from  alcohol.  After  three  crystallisations,  the  compound  formed 
small,  yellow  needles  melting  at  143 — 143'5''.  As  we  were  not  at 
that  time  concerned  with  the  mixed  diazoamides  so  mnch  as  with 
their  alkyl-derivatives,  the  whole  product  was  ethylated  in  order  to 
see  whether  the  third  ethyl-derivative  could  be  obtained.  The 
melting  point  of  the  ethyl-derivative  was  va^ne  at  first,  viz^ 
113—114°,  113-5"-115-5%  113-6— 122-5°,  126— 126•5^  After  six 
crystallisations,  the  melting  point  was  129 — 129*5*",  and  analysis  gave 
the  following  results  : — 

0-0832  gram  gave  12-9  c.c  moist  N  at  12-5'  C.  and  749*9  mm.  bar. 
0*1665     „        „    0-0743  gram  AgCl. 


Found. 


Calculated  for 
NO,C5H4-N,(C,H,)  •C8H4-a 

N 18-38  18-09 

CI 11-65  11-74 


We  concluded,  therefore,  either  that  the  third  member  of  the 
triplet  had  the  same  melting  point  as  one  of  the  isomerides,  or  that 
this  pair  of  amines  formed  an  exception  to  the  rule  of  what  we  then 
called  **  triple  isomerism.''  Another  experiment  was  then  made  by 
reversing  the  order  of  combination.  Parachloraniline  was  diazotised 
and  added  to  the  calculated  quantity  of  metanitraniline  dissolved  in 
cold  alcohol  mixed  with  sodium  acetate  solution.  The  product  waa 
collected,  washed,  and  ethylated  as  before ;  the  ethyl-derivative  again 
showed  a  vagueness  of  melting  point,  viz.,  89 — 94®,  92 — 111% 
118—124°,  126—128-5°.  After  eight  crystallisations,  the  melting 
point  was  constant  at  129*5°,  and  it  was  evident  that  we  had  sepa- 
rated out  the  same  product  as  before.  This  product  was  then 
compared  with  (jp)Cl-C5H4-Na-N(C8H6)-C.H4-NOa(m),  with  which  it 
appeared  to  be  identical,  by  the  method  of  quantitative  decomposi* 
tion : — 

02634  gram  dissolved  in  10  c.c.  of  strong  HCl  in  three  hours, 
leaving  a  residue  of-  0'0144  gram.  The  azonaphthol  weighed  0*2350 
gram,  and  proved  -to  be  parachlorobenzeneazo-j3-naphthol    (m.    p. 
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161-— 163°),  and  not  a  mixture,  thus  proring  the  identity  of  the 
pTodnct  wibh  that  obtained  hj  the  action  of  diazotised  parachlor- 
aniline  or  ethjlmeianitraniline.  From  the  position  to  which  onr 
researches  have  brought  us,  we  are  now  enabled  to  state  that  this 
result  is  not  opposed  to  the  rule  of  "  triple  isomerism."  The  mixed 
alkjl-diasoamide  is  no  doubt  formed  in  this  as  in  all  other  oases,  via^ 
the  oomponnd : — 

(|))Cl~CeH4v.  j^  ^N(CaH,)-CeH,-N02(m), 
(m)NO^'CsBr     *^N(CaH,)-CeH4-Cl(i>). 

But  this,  owing  to  the  acid  character  of  the  substituents,  belongs 
to  the  less  stable  forms  of  mixed  alkyl-diazoamides^  and  is  therefore 
resolved  by  continued  crystallisation,  the  gradual  rise  in  melting 
point  simply  indicating  the  g^radual  removal  of  the  less  soluble 
(m)NO,-C.H4-N,-N(C2H5)-C,H4-Cl(jp). 

The  outcome  of  these  experiments  is  to  show  that  the  nuxed  alkyl- 
diazoamides  and  the  unalkylated  compounds  from  whijch  they  are 
derived  have  in  all  probability  the  double  formula  which  we  have  pro- 
posed. If  no  acid  substituents  are  present,  the  stability  of  the  mole- 
cule is  such  that  it  is  unresolvable  by  any  ordinary  number  of  crystal- 
lisations, and  the  compound  would  pass  for  a  chemical  individual  in 
the  ordinary  acceptation  of  the  term.  As  the  molecule  becomes  more 
acid,  the  combination  of  the  pair  of  isomerides  is  weakened,  and 
separation  can  be  effected,  as  seen  by  the  above  results.  When  the 
constituent  pairs  are  quite  dissimilar  and  both  contain  acid  radicles, 
the  combination  assumes  that  form  which  would  be  called  **  mole- 
cular," as  in  the  case  of  the  heterogeneous  mixed  compounds,  which 
can  be  separated  with  comparative  readiness.  There  is,  as  we  have 
previously  stated,  a  distinct  series  of  steps  connecting  what  is  in  all 
respects  ordinary  chemical  combination  .with '*  molecular  "  combina- 
tion. 

Many  considerations  and  new  lines  of  investigation  are  suggested 
by  these  conclusions.  Thus,  it  is  possible  that  previous  investigators 
dealing  with  these  compounds  may,  by  repeated  crystallisatioYi,  have 
obtained  products  of  the  simple  type  X'Na'NH'Y,  or  mixtures  of  the 
latter  with  the  compounds  of  the  double  type.  By  working  with 
mixed  unalkylated  compounds  containing  acid  substituents,  it  is 
possible  that  the  separation  of  the  isomerides  X*Nt*NH-Y  and 
Y'Nj'NH'X  may  be  effected,  as  we  have  already  succeeded  in  doing 
with  the  alkyl-derivatives.  Experiments  in  this  direction  will  be 
undertaken,  and  the  results  made  known  to  the  Society  in  a  future 
communication.  We  may  also  take  the  present  opportunity  of  point- 
ing  out  that  the  difficulty  of  obtaining  mixed  diazoamides  in  a  state 
of  purity  (Trans.,  1889,  413)  is  probably  due  to  an  actual  combina- 

3  H  2 
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tion  between  a  portion  of  the  mixed  oomponnd  and  a  small  quantity 
of  the  normal  compound  which  may  be  formed  at  the  same  time. 
Such  combination  would  be  most  likely  to  occur  at  the  time  of  forma- 
tion. Thus,  supposing  X*N2*C1  to  act  upon  Y'NHt,  the  two  corn** 
pounds  X'N2'NH'Y  and  Y*N2'NH*X  are  the  chief  products,  and  these 
combine  to  form  the  mixed  diazoamide.  If  at  the  same  time  a  trace 
of  the  normal  compound  X'Na'NH'X  or  Y'Na'NH'Y  is  also  formed, 
this  might  be  taken  up  by  one  or  both  of  the  Isomerides  with  the 
formation  of  traces  of  the  intermediate  products 

X^T^  ^NH-Y  X^T^  ^NH-Y 

X'^^^^^NH-X    ^^     Y^^*^NH-Y' 

A  small  proportion  of  such  a  compound  would  be  inseparable  from 
the  mixed  diazoamide,  and  would  raise  or  lower  the  percentage  of 
halogen  in  compounds  containing  these  sabstituents.  The  way  is  thus 
indicated  for  the  synthesis  of  compounds  containing  partly  normal  and 
partly  mixed  diazoamides. 

IV.  Detbeminatioit  op  Molecular  Weights  by  Raodlt's  Method. 

In  order  to  ascertain  whether  the  mixed  alky  1- diazoamides  gave 
evidence  of  the  double  molecular  weight  to  which  the  chemical  results 
so  distinctly  pointed,  the  depression  of  freezing  point  was  observed 
in  a  carefully  purified  triplet  of  isomerides  dissolved  in  pure  benzene, 
specially  prepared  for  this  purpose  by  Messrs.  Read  HoUiday  ajid 
Sons.  The  resalts  are  given  below,  the  usual  symbols  being  adopted, 
viz. : — 

E,  observed  setting  point  of  the  solution. 
C,  depression  of  freezing  point. 

A,  coefficient  of  depression  (depression  produced  by  1  gram  of  sub- 
stance in  100  grams  of  solvent). 
M,  molecular  weight  calculated  from  foregoing  values. 

1,    (jp)CH8-C.H4-N2-N(CH,)-CeH4-Cl(jp) m.  p.  92°. 

Setting  point  of  benzene,  6 '3°,  Weight  of  solvent,  38*55  grains. 
Weight  of  substance,  0-3876  gram.    Mol.  wt.,  2595. 

E.  0.  A.  M. 

5-1  0-2  0-199  246 

5-1  0-2  0-199  2-46 

0-3439  gram  substance   added;   total  weight  in  solution,  0*7315 
gram. 

4-9  0-4  0-211  232 

4-9  0-4  0-211  232 
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0*3781  gTBJa  finbetance  added;  total  weight  in  solution,  1'1096 
grams. 

B.  C.  A.  M. 

475  0-55  0191  256 

.  4-75  0-55  0191  256 


9   (2?)CH,-C.H<^^^N(CH3)C.H4-Cl(p)         fm.    p. 
^'   (j>)Cl— CA^^*^N(CH,)C.H4-CH,(p)--  1     MoL 


81— 83^ 
wt.  519. 


Setting  point  of  benzene,  5*3^.    Weight  of  solvent,  66*14  grams. 
Weight  of  substance,  0*3607  gram. 

£.  a  A.  M. 

5-2  0-1  0183  •     267 

5-2  01  OlSa  267 

0*7114  gram  substance  added;  total  weight  in  solution,  10721 
gram. 

5-1  0-2  0163  300 

1*1558  gram  substance   added;   total  weijght  in  solution,  2*2279 
grtkms. 

4-95  0*35  0-184  2fi6 

4*95  0*35.  0*184  266 

3.  ( j>)Cl-C(^4-N2-N(CHs)CeH4-CH,(2)) m.  p.  98*5~99*5*. 

Setting  point  of  benzene,  5*3''.    Weight  ot  solvent,  66*29  gcams« 
Weight  of  substance,  0*3460  gram. 


E. 

C. 

A. 

IT. 

5-2 

010 

0191 

266-5 

5-2 

0-10 

0191 

2.56-5 

0*3573  gram  substance  added;,  total  weight  in  solution^  0-7033 
gram. 

512                0*18                0-169^  290 

5*12                0*18                0*169  290 

0*3489  gram  substance  added;  total  weight  in  solution,.  1*0522 
grams. 

50                  0*30                0*189  259*2- 

50                  O30                0*189  259-2 

The  mean  results  for  the  three  ijiomerides  are :— * 

1.                         2.                         3.  Calcnlated. 

244*6               277*6               268*5  259*5 
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The  met^Lod  of  Haonlt  in  this  c^e,  therdore,  gives  no  intimation 
of  tlie  fact  that  compound  No.  2  has  doable  the  molecnlar  weight  of 
Nos.  1  and  3,  a  fact  from  which  there  is  no  escape  in  view  of  the 
circnmstance  that  componhd  No.  2  can  be  sjnthesised  hj  boiling 
eqnal  weights  of  Nos.  1  and  3  in  any  snitable  solvent. 

This  resnlt  is  not  altogether  surprising  when  it  is  borne  in  mind 
that  the  combination  between  the  isomerides  1  and  3  is  more  or  less 
of  the  nature  of  molecular  combination.  Since  ilaoult's  method  is 
still  on  its  trial,  and  the  limits  of  its  applioabilily  are  as  yet  with- 
out rigid  definition,  we  have  thought  it  desirable  to  place  these 
results  upon  record,  although  they  are  negative  so  far  as  concerns 
our  present  investigation  (see  Chenu  New»,  60,  66).  Other  cases  of 
molecular  compounds  giving  abnormal  results  are  already  known. 
Thus,  Anschtttz  (Ann,  Ohem.  Pham.,  253,  343)  found  that  naphtha- 
lene picrate  in  benzene  gave  results  indicating  decomposition  into 
naphthalene  and  picric  acid.  It  is  quite  possible  that  the  molecule 
of  the  mixed  diazoamides  may  similarly  undergo  dissociation  in  solu- 
tion. 

Still  more  striking,  because  of  the  remarkable  parallelism  with 
our  compounds,  are  Anschiitz*s  results  with  the  tartaric  acids.  This 
investigator  found  that  the  methyl  ethers  of  dextro-  and  lasvo- 
tartaric  acid  combined  either  in  hot  or  cold  solution  to  form  the 
methyl  ether  of  racemic  acid.  The  free  acids  also  combine  under 
similax  circumstances  to  form  racemic  acid,  and  the  latter,  by  means 
of  the  sodium-ammonium  salt,  can  be  again  resolved  into  the  two 
tartaric  acids.  From  this  it  is  concluded  that  the  inactive  racamio 
acid  is  formed  by  the  coalescenca  of  the  two  active  acids,  and  not 
that  each  of  the  active  acids  undergoes  transformation  into  racemic 
acid.  Similar  reasoning  points  to  the  conclusion  that  the  ether  of  the 
latter  acid  is  composed  of  equal  molecules  of  the  two  tartaric  acid 
ethers.  Although  from  this  evidence  it  follows  that  racemic  acid  and 
ether  have  double  the  molecular  weight  of  tartaric  aoid  and  ether, 
the  vapour-density  of  racemic  ether  is  the  same  as  that  of  the  tsxtaric 
ethers,  viz.,  one-half  that  required  by  the  double  formula,  a  fact 
which  is  explained  by  the  dissociation  of  the  racemic  ether  into  its 
constituents  at  the  temperature  of  vaporisation  (Ber,,  1885,  1397). 
In  like  manner,  Anschiiic  has  found  that  the  dimethyl  ethers  of 
diacetyldextro-  and  diacetylltevo-tartaric  acids  combine  to  form  the 
dimethyl  ether  of  diacetylracemio  acid*  This  last  compound  must 
therefore  have  double  the  molecular  weight  of  its  constituents. 
Nevertheless,  Baoult's  method  gives  results  indicating  half  this 
molecular  weight  (B^.,  1889,  980). 
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Theoretical  Consideraiiont. 

Daring  the  coarse  of  these  investigations,  which  were  oommenced 
more  than  four  years  ago,  the  stereochemical  hypothesis  of  Le  Bel 
tod  Yan't  Hoff  has  been  developed  in  various  directions,  and  has 
found  many  supporters,  especially  in  Germany,  where  it  has  been 
applied  with  more  or  less  success  to  the  elucidation  of  certain  cases  of 
iJBomerism.     We  have  never  lost  sight  of  the  possibility  of  explaining 
the  existence  of  three  isomeric  alkyl-diazoamides  as  a  case  of  stereo- 
chemical isomerism,  but  our  considerations  have  thus  far  convinced 
us  that  this  hypothesis  is   inadequate  in   its  present  condition  to 
account  satisfactorily  for  the  facts  brought  to  light  by  our  experi- 
ments.    The  nitrogen-atom  may  be  regarded  in  its  pentavalent  form 
as  occupying  the  centre  of  a  double  tetrahedron,  so  that  three  of  its 
bonds  are  in  one  plane  and  the  two  other  bonds  in  a  different  plane 
(Willgerodt,  Joum.  prakt.  Ghem.  [2],  37,  449).     This  idea  has  been 
taken  up  recently  by  Burch  and  Marsh  (Trans.,  1889,  666.     See  also 
Behrend,  Ber.,  1890,  454),  who  have  shown  that  in  certain  amines 
the  nitrogen-atom  is  to  some  extent  possessed  of  a  residue  of  affinity 
which  leads  two  molecules  to  combine.     Hantzsch  and  Werner  (Ber., 
1890,  11)  have  also  attempted  to  develop  the  hypothesis  that  the 
bonds  of  the  trivalent  nitrogen-atom  are  directed  along  the  edges  of 
a  regular  tetrahedron,  which  amounts  to  the  supposition  that  two  of 
the  bonds  are  in  one  plane  and  the  third  in  a  different  plane. 
Before  the  appearance  of  the  paper  referred  to,  we  had  attempted 
to  apply  this  view  to   the  diazoamides,  but  had   abandoned  it  as 
insufficient.     Thus,  to  take  the  simplest  possible  case,  every  diazo- 
amide  should  on  this  hypothesis  be  capable  of  existing  in  the  two 
forms — 

X-N,^X    and    X-N^^^H. 

There  is  at  present  no  evidence  for  the  existence  of  such  isomerism. 
Every  mixed  diazoamide  or  alkyl-diazoamide  should  similarly  be 
capable  of  the  quadruple  isomerism — 

N  N"  N  N 

X-N,^V,   xn/^r,    T'^/^X,  y^n/^r. 

We  have  not  the  slightest  evidenoe,  however,  that  the  compound 
produced  by  the  action  of  X*19t*Cl  on  Y*NHR  is  susceptible  of  two 
geometrical  isomerides.  On  the  other  hand,  the  triple  isomerism  de- 
scribed by  us  is  shown  not  only  by  difference  in  melting  point,  bat 
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hj  difference  on  decomposition  by  acid.  The  alkjl-derivative  of  a 
mixed  diazoamide  and.  the  nnalkylated  compound  decompose  qoanti- 
tativelj  as  though  both  isomerides,  X-Na'NH*Y  and  Y'Nt'NH-X, 
were  present,  and  when  an  alkyl  radicle  is  introduced  the  latter  re- 
mains attached  to  both  X  and  Y  after  decomposition.  These  facts 
are  in  no  way  explained  by  the  stereochemical  hypothesis,  and  we 
have  not  thought  it  necessary  to  invoke  its  aid.  Our  resalts  lead  ns 
to  believe  that  the  simplest  explanation  is  that  in  the  mixed  diazo- 
amides  the  molecule  undergoes  polymerisation. 

The  main  point  now  demanding  explanation  is  why  diazoamides  of 
the  form  X-N,-NH-X,  X-N,-NR-X,  X-N,-NR-Y,  and  Y-N,-NR-X 
should  be  in  a  condition  of  sufficient  internal  eqailibrium  for  the 
molecules  to  exist  in  that  form  without  polymerisation.  It  is  possible 
that  the  first  two  are  sufficiently  symmetrical,  but  the  two  latter, 
being  unsymmetrical,  are  in  a  condition  of  unstable  equilibrium,  and 
combine  (as  experiment  has  shown  to  be  the  case)  in  order  to  form  a 
more  symmetrical  molecule — 

XN,NRY  +  Y-N,NRX  =  x.ilN>^*<Y^^- 

The  present  research  has  been  carried  on  with  the  aid  of  a  graat 
from  the  Research  Fund  of  the  Society. 

FinshtMry  Technical  College. 


LVT. — Note  on  the  Action  of  Nitric  Acid  on  Dihrom-at-napJitli^L 

By  Raphael  Meldola,  F.R.S.,  and  Frank  Huqhes. 

In  a  former  paper  (this  vol.,  393),  we  described  the  product,  mono- 
bromindone,  which  is  formed  by  the  action  of  fuming  nitric  acid 
on  dibrom-«-naphthol.  In  the  same  paper,  we  stated  that  the 
products  varied  according  to  the  strength  of  the  nitric  acid,  the 
ordinary  I'42  sp.  gr.  acid  giving  an  additive  compound  which  appears 
to  furnish  a  mixture  of  dinitronaphthol  and  nitrobromonaphthol. 
The  investigation  of  this  additive  product  will  be  resumed,  as  it  may 
help  to  throw  light  on  the  mechanism  of  substitution  in  aromatio 
compounds.  In  continuing  our  experiments,  we  have  found  that  if 
the  nitric  acid  is  not  fully  up  to  the  strength  of  1*5  sp.  gr.,  the  brom- 
indone is  mixed  with  some  other  product  which  we  have  not  been 
able  to  separate  in  a  state  of  parity,  but  which  has  been  proved  to  be 
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monobrom-a-naphtliaqamone.  We  may  state,  also,  that  if  the  nitric 
acid  is  below  1*5  sp.  gr.,  the  yield  of  7-naphthaqainone  is  much 
diminished.* 

.  Experiments  have  also  been  made  to  see  -whether  the  supposed 
peribrom-a-naphthol,  which  we  suggested  to  be  the  sonrce  of  the 
qninone  (this  voL,  634),  oonld  be  separated  from  the  dibrom-a- 
naphthol  by  crystallisation.  These  experiments  have  hitherto  been 
TinsQCcessfal,  bat  they  have  incidentally  enabled  ns  to  ascertain  the 
actual  yield  of  the  quinone.  Thus  a  quantity  of  pure  dibrom-a- 
naphthol  was  dissolved  in  petroleum  and  allowed  to  crystallise.  The 
mother  liquor,  on  evaporation,  furnished,  a  second  crop  of  crystals. 
Both  crops  when  dry  were  treated  with. fuming  nitric  acid  in  the 
usual  way;  the  crude  bromindone  was  dissolved  in  alcohol  and 
filtered  to  collect  the  quinone.  The  latter  was  collected  on  tared 
filters,  washed  with  alcohol  till  free  from  all  soluble  matter,  dried, 
and  weighed.     The  results  were : — 

1st  crop.  9*26  gram  gave  0*05  gram  quinone  =  0*54  per  cent. 
2nd    „     4-27         „  0119    „        „        =0-45        „ 

The  yield  of  quinone  from  dibrom-A-naphthol  may  be  taken  as 
about  0'5  per  cent.  The  difference  in  yield  between  the  two  fractions 
was  not  suflScient  to  render  it  hopeful  that  the  qninone-yielding  sub- 
stance could  be  separated  by  crystallisation  from  petroleum. 

The  formation  of  .  monobrom-a-naphthaquinone  was  i^  the  first 
place  rendered  probable,  from  the  observation  that  the  derivatives  of 
a  specimen  of  bromindone,  obtained  by  the  action  of  nitric  acid  some- 
what under  strength  (1*462  sp.  gr.),  did  not  give  correct  results  on 
analysis.  Some  of  this  preparation  was  brominated  by  allowing  it  to 
remain  for  some  hours  in  glacial  acetic  acid  solution  containing  excess 
of  bromine.  The  crystalline  cake  which  thus  formed  was  removed, 
washed  with  acetic  acid,  and  crystallised  from  the  same  solvent. 
The  purified  substance  formed  long,  yellow,  prismatic  needles  melting 
with  partial  sublimation  at  216^,  and  softening  a  few  degrees  below 
this  temperature.    The  substance  crystallised  from  toluene  in  large, 

*  1  will  take  the  present  opportunity  of  pointing  out  a  discrepancy  between  our  re- 
sults and  the  work  of  Erdmann  (Annalen,  247,  306),  whicli  is  at  present  inexplicable, 
and  fpr  the  clearing  up  of  which  a  further  supply  of  the  quinone  will  be  necessary. 
If  the  latter  is,  as  the  CYidence  seems  to  indicate,  the  peri-dioxynaphthalene,  then 
the  product  of  its  reduction  should  have  a  similar  constitution.  Our  dihydroxy- 
naphthalene,  however,  differs'  in  the  melting  point  of  its  diaoetate,  and  in  other 
respects  from  the  peri-deriyatiTes  described  by  Erdmann  in  the  paper  referred  to. 
The  dihydroxynaphthalene  of  this  author  melts  at  187 — 188%  and  its  diaoetate  at 
147 — 148^^.  The  possibility  of  intramolecular  change  is,  however,  not  excluded  in 
the  process  by  which  Erdmann  obtained  these  compounds;  vi^.,  by  fusing  the 

"sultone/' CioHe<g^,withalkaU.— E.M. 
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yellow  scales,  and  when  dry  was  easily  sublimed  by  heating  in  a  dry 
tube,  the  sublimate  consisting  of  a  woolly  mass  of  fine,  yellow  needles. 
The  compound  was  identified  as  dibrom-a-naphthaquinone,  the  melting 
point  of  this  compound  being  given  by  Miller  as  218*  {Ber.^  1884, 
Ref.  355). 

0-2273  gram  gave  0-3184.  gram  CO2  and  00345  gram  HaO, 
0-1486  „  01 760  gram  AgBr. 

0-1793         „         0-2138     „ 

Calculated  for 
OioH4BrsO,.  Foxmd, 

C  37-97  88-20 

H 1-27  1-69 

Br 50-63  5040    5074 

The  anilide  of  the  dibromoquinone  (anilidobromonaphthaquinone) 
was  also  prepared,  and,  after  crystallisation  from  glacial  acetic  acid» 
formed  brilliant,  red  scales  melting  at  190°  (Miller  gives  the  melting 
point  as  194**). 

For  the  further  identification  of  the  compound,  and  with  the  object 
of  contributing  to  its  chemical  history,  the  reduction-product  was 
prepared  by  dissolving  the  substance  in  glacial  acetic  acid,  and 
reducing  with  zino-dust.  On  filtering  the  solution  and  diluting  with 
water,  white  needles  separated  which,  on  exposure  to  the  air,  acquired 
a  pink  tint.     The  melting  point  was  above  255°. 

.     01436  gram  gave  0-1735  gram  AgBr. 

Calculated  for 
CioH4Br2(OH),.  Found. 

Br 50-31  5072 

On  boiling  this  dibromodihydrozynaphthalene  for  a  few  xoinatea 
with  excess  of  acetic  anhydride  and  a  little  anhydrous  sodium  acetate^ 
it  forms  an  acetyl-derivative,  which,  after  crystallisation  from  alcohol, 
forms  white  needles  melting  at  238°,  and  softeniu^  a  few  degrees 
below  this  temperature.  The  substance  requires  a  large  volume  of 
boiling  alcohol  for  its  solution.  Analysis  showed  that  one  acetyl- 
group  had  entered  the  molecule : — 

1.  0*2213  gram  gave  08236 gram  CO,  and  00534  gram  HsO. 
II.  0-2325         „         0-3400  „  0-0572         „ 

111.01948         „  0-2034  gram  AgBr. 

Found. 

Calculated  for  j *  -^ 

CMH4Br,-H00C,H,0.  I.  II.  lit 

C 40-00  39-88        3989  — 

H 2-22  2-68  2-73  — 

Br 44-44  —  —  4443 
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The  fonaation  of  dibrom-dcnaphthaqninone  by  tbe  bromination  of 
the  crude  prednct  obtained  bj  the  action  of  nitrio  acid  on  dibroni'**- 
naphtbol  indicates  that  this  prodaot  contains  the  monobrom«a- 
naphthaquinone-^ 

O 

Br 


The  constitution  of  the  dibrOm.«»qninone  and  its  rednotion-prodnot 
may  be  regarded  as  established — 

O  HO 

Br  /V^  Br 

Br 


The  dihydroxy-derivative  is,  as  might  have  been  expected,  phenolic 
in  character,  dissolving  readily  in  cold  aqaeoos  alkali,  but  it  is  of 
interest  to  note  that  the  replacement  of  one  of  the  hydroxylic 
hydrogen-atoms  by  acetyl  destroys  the  phenolic  character,  the 
monacetyl-derivative  above  described  being  insoluble  in  cold  aqueous 
alkali. 


Finthury  Technical  OoUege. 


LVII. — A  New  Method  for  the  Estimation  of  Nitrates  und  Nitrites  in 

Water. 

By  K  OfiMAKDT  and  J.  B.  Cohen,  PhD.,  Owens  College,  Manchester. 

The  process,  which  we  describe  bdow,  resembles  that  of  Gladstone 
and  Tribe,  in  which  a  zinc-copper  couple  is  employed  to  decompose 
nitrates  and  nitrites  into  ammonia.  We  replace  the  sine-copper 
couple  by  thin  sheet  aluminium,  coated  with  a  film  of  metallic 
mercury.  We  find,  after  careful  comparative  determinations,  that 
tki»  alumininm-meroury  couj^  acts  mc^re  rapidly  than  the  zinc  and 
copper,  and  gives  equally  good  results.  Nitrates  in  small  quantities, 
such  as  occur  in  natural  waters,  are  entirely  reduced  by  the 
alnminium^mercury  couple  in  about  an  hour,  whereas  the  couple  of 
Gladstone  and  Tribe  requires  about  six  hours  to  effect  complete  reduo- 
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tion.  Most  of  the  books  whicH  liave  reference  to  water  analysis 
recommend  the  use  of  a  solntion  of  canstic  soda  and  metallic 
aluminium  to  reduce  the  nitrates.  It  will  be  seen  from  our  results, 
that  this  process  is  absolutely  unreliable,  unless  certain  special 
precautions  are  taken. 

The  aluminium  was  obtained  from  the  Aluminium  Company,  at 
Oldbury,  in  the  form  of  narrow  foil  about  2^  inches  wide,  a  piece 
5  inches  long  weighing  about  1  gram.  It  dissolves  in  dilute  caustic 
soda  solution,  leaving  a  small  quantity  of  black  residue.  This  residue 
is  magnetic,  and  contains  iron,  aluminium,  silicon,  and  carbon,  prob- 
ably in  the  free  state,  together  with  traces  of  copper  and  calcium. 
This  residue  has  the  curious  property  of  becoming  inflammable  when 
heated,  and  bums  with  a  bright  flash,  leaving  behind  a  fused,  black 


The  aluminium  foil  is  readily  coated  with  mercury  by  shaking  it 
in  a  solution  of  mercuric  chloride  (1  vol.  of  a  saturated  solution  with 
1  vol.  of  water)  for  about  a  minute.  Metallic  mercury  adheres  to 
the  surface  of  the  aluminium,  and  the  couple,  after  being  washed  a 
few  times  with  pure  water,  may  be  introduced  into  the  water  to  be 
analysed. 

This  should  be  done  without  loss  of  time,  as  the  couple  very 
readily  oxidises.  The  couple  is  left  in  contact  with  the  measured 
quantity  of  water  in  the  cold  until  the  aluminium  is  converted  into 
oxide.  Water  and  precipitate  are  then  transferred  to  the  retort  for 
distillation.  The  contents  of  the  retort  boil  quietly  and  without 
bumping.  In  the  course  of  more  than  100  experiments,  we  expe- 
rienced no  inconvenience  from  the  presence  of  the  precipitate.  The 
aluminium,  as  it  comes  from  the  works,  is  usnally  coated  with  an 
invisible  film  of  grease,  and  this  grease  is  acted  upon  by  the  oouple, 
yielding  very  perceptible  quantities  of  ammonia.  Until  we  dis- 
covered this  source  of  error,  we  had  almost  abandoned  the  method 
from  the  unaccountable  discrepancies  in  the  results. 

When  the  aluminium  is  heated  in  a  current  of  hydrogen,  the  grease 
is  removed,  and  the  aluminium  retains  no  trace  of  nitrogen.  The 
following  results  were  obtained  : — 


No.  of  eiperi- 
ment. 

Weight  of  foil 
used. 

Water  alone,  part« 

per  million  of 

ammonia. 

Water  and  Al-Hg 

couple*  parts  per 

million  of 

ammonia. 

1 

8 

0*5 
0-1 

0-2 
0-2 

0-012 
0-012 
0'028 
0  032 

OOU 
0-014 
0-026 
0  026 
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We  snbseqaentlj  found  that  simplj  heating  the  foil  in  a  Bnnsen 
flame  practically  effected  tha  same  result.  There  is  always  a  slight; 
excess  of  ammonia  when  treated  in  this  way ;  but  the  results  scarcely 
exceed  experimental  error. 


Weight  of  foil 

'U86<i 

Water  alone,  parts 
per  miUioQ  of 

Water  and  Al-Hg  couple, 
parts  per  million 

ammonia 

of 

ammonia. 

graniB 

2 

0-010 

0-020 

2 

0  012 

0-020 

2 

0-014 

0  022 

2 

0  014 

0-018 

2 

0  018 

0-020 

2 

0  014 

0016 

2 

0-014 

0  020 

2 

0-016 

0  020 

2 

0-012 

0-014 

The  zinc-copper  couple,  made  by  depositing  copper  on  the  uncleaned 
surface  of  sheet  zinc,  gave  off  no  trace  of  ammonia  from  the  grease  on 
its  surface. 

The  action  of  the  aluminium-mercury  couple  on  nitrates  was 
determined  in  the  following  manner.  A  weak  standard  solution  of 
potassium  nitrate  was  prepared,  containing  the  equivalent  of  0*01  gram 
of  ammonia  to  the  litre,  and  varying  quantities  of  the  solution  sub- 
mitted to  the  action  of  the  couple  in  a  partly  closed  flask  until  the 
aluminium  (2  grams)  had  been  converted  into  oxide.  The  whole 
contents  were  then  transferred  to  the  retort,  and  the  ammonia 
determined  by  Nessler's  reagent  in  the  usual  way.  In  this,  and  in 
every  series  of  experiments,  a  sample  of  the  distilled  water  used  was 
tested  side  by  side  with  the  sample  to  which  the  couple  had  been 
added,  so  as  to  check  any  possible  error  arising  from  extraneous 
causes.  The  effect  of  the  small  quantity  of  ammonia  found  in  the 
distilled  water  has  been  allowed  for,  and  does  not  appear  in  the 
table. 


No.  of  experi- 
ment. 

Volume  of  KNOg 
solution  used  and 
diluted  to  i  litre. 

Equivalent  of 

NHj,  in  parts  per 

million. 

NHs  foimd,  parts 
per  million. 

1 
2 
8 
4 
5 

CO. 

6 
5 
5 
6 
10 

0  10 
0  10 
0  10 
0  12 
0-20 

0098 
0  096 
0-106 
0  116 
0  194 
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The  results  indicate  that,  with  yatying  quantities  of  potoBsimn 
nitrate,  the  method  is  perfectly  accurate. 

It  is  well  known  that  albnmino'id  substances  nndergoing  deoompo* 
sition  split  up  into  simpler  organic  nitrogen  oomponnds,  before  free 
ammonia  makes  its  appearance.  It  appeared  to  us  important  to 
determine  whether  the  zinc-copper  or  aluminium-mercury  couple 
effected  any  change  in  this  direction,  i.«.,  hastened  the  decomposition 
and  the  formation  of  free  ammonia  when  in  contact  with  partially 
decomposed  albumin.  It  is  clear,  that  if  this  were  the  case  a  natural 
water  containing  partially  decomposed  albumin  would,  after  the 
action  of  the  couple,  indicate  a  larger  amount  of  nitrates  or  nitrites 
than  was  actually  present  in  the  original  water.  A  long  series  of 
ezperimente  was  undertaken  with  this  object.  The  method  adopted 
was  te  allow  dilute  solutions  of  pure  gelatin  te  stand  for  several 
days,  until  decomposition  had  proceeded  for  some  time.  Portions  of 
the  solutions  were  withdrawn  every  day,  or  on  alternate  days. 
'  In  one  portion,  the  amounts  of  free  ammonia  and  ammonia  evolved 
after  the  further  addition  of  caustic  soda  were  determined. 

Other  portions  were  submitted  to  the  action  of  the  couples,  and  the 
amount  of  free  ammonia  and  the  ammonia  given  off  after  the  addition 
of  caustic  soda  determined. 

We  give  here  briefly  the  sumntary  of  our  resulte. 

1.  Neither  couple  affecte  the  amount  of  free  ammonia  produced 
during  the  decomposition  of  the  albumin,  that  is  to  say,  the  amount 
of  free  ammonia  given  off  each  day  by  the  decomposing  albumin  was 
the  same,  with  or  without  the  addition  of  the  couple. 

2.  The  addition  of  caustic  soda  to  the  albumin  solution  and  to  the 
solution  with  the  zinc-copper  couple  set  free  an  additional  quantity 
of  ammonia,  which  was  the  same  in  the  two  cases. 

3.  In  the  case  of  the  albumin  solution,  acted  upon  by  the  alumi- 
nium-mercury couple,  the  amount  of  free  ammonia  produced  by  the 
addition  of  caustic  soda  was  largely  in  excess  of  that  in  the  other  two 
solutions,  as  the  following  example  shows.  The  solution  had  been 
stending  for  nine  days : — 


Albumin  solution, 

parte  per  million 

of  ammonia. 


Albumin  solution  after  con- 
tact with  Al-Hg  couple, 
parts  per  miUioB 
of  ammonia. 


Free  ammonia 

After  addition  of  NaOH. . 


0-120 
0  018 


0-122 
0  130 


It  is  evident,  therefore,  that  the  aluminium  couple  acts  upon  the 
pi^ducte  of  decomposition  of  the  albumin,  yielding  other  compoonds. 
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.probably  organic  amido*acidfl,  whiob  are  decomposed  only  on  the 
fbddition  of  caustic  soda.  We  intend  to  make  a  farther  study  of  the 
nature  of  these  products. 


LVni. — The  Action  of  Zinc  an  Dilute  Sulphuric  Acid. 

By  Prank  Pollinger,  B.  A.,  B.Sc,  late  Scholar  of  Corpus  Christi 
College,  Oxford. 

It  has  been  known  for  many  years  that,  whereas  moist  chlorine 
attacks  sodium  with  great  energy,  the  dry  gas  has  little  or  no  effect. 
And  more  recently  it  has  been  discovered  that  in  order  to  bnm 
carbonic  oxide,  carbon,  sulphur,  or  phosphorus  in  oxygen,  a  trace  of 
moisture  is  absolutely  necessary.  Indeed  phosphorus  may  actually 
be  distilled  in  oxygen  if  the  gas  be  thoroughly  dried  (H.  B.  Baker, 
Trans.,  47,  1885,  349). 

Other  examples  of  this  kind,  in  which  a  trace  of  a  third  substance 
is  neoessary  for  the  interaction  between  two  bodies,  might  be  given. 
Thus  Yeley  found  that  hydrogen  sulphide  has  no  action  upon  lime 
unless  water  is  present ;  and  Thorpe  proved  a  similar  effect  in  the 
case  of  the  oxide  of  titaniam. 

But  perhaps  no  more  interesting  case  can  be  mentioned  than  the 
Action  of  nitric  acid  upon  various  metals. 

In  1674i,  Russell  showed  that  nitric  acid  has  no  effect  upon  metallic 
silver  in  the  absence  of  nitrous  acid,  and  that  with  the  increase  of 
this  substance  in  the  liquid  the  velocity  of  dissolution  is  accelerated 
(Trans.,  1874,  3).  V.  H.  Veley  has  proved  that  if  the  nitrous 
acid  is  destroyed  as  fast  as  it  is  formed  (say  by  urea),  nitric 
acid  has  no  action  whatever  upon  copper  (Proc,  Boy,  fifoc,  46,  1889, 
216).  And  a  similar  result  has  been  observed  in  the  case  of  certain 
other  metals. 

In  view  of  these  facts,  it  seemed  interesting  to  conduct  an  in- 
vestigation to  discover  whether  in  the  case  of  sulphuric  acid  and  the 
inetals  analogous  effects  could  be  proved.  Zinc  was  the  metal  first 
selected,  inasmuch  as  it  was  kuown  that  the  purer  the  metal  the  less 
rapid  is  the  action  of  sulphuric  acid  upon  it. 

In  1830,  A.  de  la  Rive  showed  that  distilled  zino  dissolves  very 
much  more  slowly  in  dilate  sulphuric  acid  than  the  commercial  sub- 
stance. He  proved  this  to  be  due  to  the  removal  of  other  metals  by 
the  distillation — and  particularly  of  iron.  The  dissolution  of  com- 
mercial zinc  was  ascribed  to  the  formation  of  voltaic  couples. of  zino 
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with  the  varioiia  imparities,  and  the  strength  of  acid  which  acts  most 
readily  upon  the  metal  was  shown  to  he  that  which  has  the  greatest 
electrical  conductivity  (Ann.  de  Chim.  [2],  43,  1830,  425).  It  thus 
seems  very  natural  to  suppose  that  pure  zinc  would  be  unacted  upon 
by  pure  sulphuric  acid,  but  that  if  a  third  substance  be  present, 
whether  in  the  metal  or  in  the  acid,  dissolution  would  be  effected 
owing  to  the  formation  of  an  electric  circuit. 

Reynolds  and  Ramsay  (Trans.,  1887,  854)  ip  1887  found  that,  after 
preparing  highly  purified  zinc  by  electrolysing  the  purified  sulphate 
and  subliming  the  product  thus  obtained  in  vacuo^  '*the  snblimed 
metal  ....  was  nearly  unacted  upon  by  sulphuric  or  hydro- 
chloric acid." 

Purification  of  the  Zinc. 

In  this  investigation  the  zinc  used  was  prepared  by  distilling  metal 
obtained  from  the  makers  as  chemically  pure,  three  times  in  vacuo. 
The  distillation  was  effected  in  hard-glass  tubes  placed  on  a  combus- 
tion furnace.     The  tubes  were  slightly  bent  towards  their  closed  ends, 


and  the  open  ends  were  joined  up  to  an  efficient  water  pnmp.  The 
metal  condenses  in  globules  which  on  tapping  the  tube  fall  down  and 
unite  to  form  large  masses.  The  globules  on  cooling  develop  facets, 
and  are  hardly  acted  upon  by  dilute  sulphuric  add.  The  larger 
masses  have  generally  a  somewhat  dirty  appearance,  and  dissolve 
more  rapidly,  while  the  residue  is  still  more  dirty,  and  dissolves  very 
quickly  indeed.  If  the  residue  be  further  distilled,  a  point  arrives 
when  it  loses  its  molten  condition  and  becomes  a  greyish-black, 
spongy  mass.  This  dissolves  with  extreme  rapidity  in  a  dilute  acid 
and  may,  at  a  higher  temperature,  be  completely  distilled. 

In  the  first  instance,  the  distillation  tubes  were  cleaned  by  a  ping 
of  cotton-wool  and  afterwards  rinsed  with  boiling  distilled  water; 
but  it  was  found  that  the  distilled  zinc  adhered  with  such  tenacity  to 
the  glass  that  it  could  not  be  removed  without  bringing  with  it  a  very 
thin,  iridescent,  glassy  film.  The  majority  of  the  tubes  were  there* 
fore  used  nncleaned. 

It  should  be  mentioned  that  in  selecting  zinc  for  the  second  and 
third  distillations  the  more  volatile  portions  and  the  residues  from 
preceding  operations  were  rejected. 

In  order  to  obtain  specimens  of  metal  the  areas  of  whose  surfaces 
could  be  accurately  determined,  it  was  decided  to  cast  the  sine  into 
spheres.    This  was  easily  done  by  blowing  a  small  bulb  on  th^  9Xid  of 
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a  piece  of  bard-glass  tubing,  pbicing  fragments  of  sine  in  tbe  limb  of 
the  tabe,  and,  after  connecting  the  open  end  with  a  water  pump, 
melting  down  the  metal  into  the  bnlb.    While  the  metal  was  still 


Capillary  tube  filtering  the  metaL 


O 


tSc 


'^^ 


^s- 


molten,  the  pnmp  was  disconnected,  the  inward  pressure  thus  causing 
the  bulb  to  be  completely  filled  witb  metal.  This  operation  prevents 
the  formatioD  of  hollow  spheres,  which  are  otherwise  produced.  In 
this  waj,  with  a  little  care,  spheres  of  zinc  can  be  obtained  which 
have  a  perfectly  bright  and  lustrous  appearance.  In  a  purified  acid 
they  are  nearly  insoluble,  and  they  appear  to  contain  no  trace  of 
either  lead  or  cadmium. 

TurijUatwa  of  the  Acid, 

The  first  acid  used  was  prepared  by  diluting  '*pnre"  sulphuric 
acid  with  three  times  its  weight  of  water,  heating  the  mixture 
strongly,  and  passing  in  air  for  30  minutes.  This  length  of  time, 
however,  subsequently  proved  to  be  insufficient ;  so  in  most  cases  the 
acid  was  heated  for  six  hours  in  a  flask  provided  with  an  inverted 
coadenser.  Hydrogeu  and  carbon  dioxide  were  also  substituted  for 
air — and  with  much  better  results,  though  the  chief  agent  in  the 
purification  is  simply  heat,  as  will  appear  from  the  following 
table:— 

Effect  of  Boiling  Dilute  Bulphwric  Acid  for  Six  Hours, 


Gatiued. 

None. 

H.. 

CO,. 

Air. 

None,  and  no 
heat  applied. 

Orams  of  zinc  dis- 
solved in  80  mins. 

0-008 

0004 

0-005 

0-008 

ooao 

Bel.  den.  of  aoid  . . . 

1186 

1177 

1179 

1-189 

1-182 

In  these  cases  the  same  zinc  sphere  was  used.  It  weighed  about 
2'5  grams,  and  had  a  rough  and  coarse  surface,  produced  by  the  pro- 
longed action  of  acid  in  previous  experiments.  The  amount  of  acid 
used  was  25  c.c,  and  the  temperature  was  26°  C. 

In  the  tables  next  given,  the  contrast  between  the  action  of  boiled 
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and  tmboiled  acids  will  also  bo  apparent,  and  it  will  be  seen  that  ihe 
strength  of  tbe  acids,  within  narrow  limits,  does  not  materially  alter 
the  rate  of  dissolution.  Thus  nnboiled  acids,  whether  stronger  or 
weaker  than  a  given  boiled  acid,  always  act  more  vigoronslj  than  the 
latter.  The  influence  of  the  nature  of  the  surface  of  the  metal  must 
be  noted  in  these  experiments ;  it  will  be  more  carefully  considered 
afterwards. 

1. 


(i.)  Loss  in  80  mins.  in  boiled 
add    <rf   rel.    den.    l'17d 
(hydrogen  passed) 

0-010 

Freshly  cast  sphere.  Surface 
fairly  smooth.  Weight  5  grans. 

(ii.)  Ditto           ditto 

0*014 

Same  sphere. 

(iii.)  Loss  in  80  mins.  in  nnboiled 
aoid  of  rel.  den.  1-167 

0  064 

Same  sphere.  The  surface  be- 
came yery  roug^  during  the 
action. 

(iv.)  Loss  in  80  mins.  in  same 
acid  as  in  (i)  and  (ii) 

0087 

Same  sphere. 

n. 

(i.)  Loss  in  80  mins.  in  boiled 
acid  of  rel.  den.  1*179 

0*009 

New  sphere  of  smooth  soilue 
produced  by  action  of  ajua 
regia.    Weight  3  grams. 

(ii.)  Loss  in  30  mins.  in  unboiled 
acid  of  rel.  den.  1  •  176 

0*058 

Same  sphere.     The  surface  be- 

(iiL)  Loss  in  80  mins.  in  same 
add  as  in  (i) 

0*034 

Same  sphera. 

III. 

(i.)  Loss  in  60  mins.  in  bdled 
add  of  lel.  den.  1*179 

0-006 

Kew  sphere  with  surface  made 
smooth  by  action  of  aqua  rtgia. 
Weight  1-26  grams. 

(ii.)  Ditto           ditto 

0-007 

Same  sphere. 

(iii.)  Loss  in  80  mins.  in  unboiled 
acid  of  rel.  den.  1  226 

0-045 

Same  sphe«i|.  The  suiface  be- 
came rough  during  the  action. 

(1^4  ^"^  i°  ^  mins.  in  same 
add  as  in  (i)  and  (ii) 

0  027 

Same  sphere. 

In  all  these  cases  50  c.c.  of  acid  were  used,  and  the  temperature  was 
26"  C.  The  results  prove  clearly  either  (i)  that  sulphuric  acid  con- 
tains some  impurity  which  accelerates  the  dissolution  of  zinc  bat 
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which  is  totally  or  partly  decomposed  or  driven  off  by  boiling,  or 
(ii)  that  Bome  snbstanoe  is  formed  by  decomposition  which  retards 
the  rate  of  dissolntion.  To  ascertain  the  natnre  of  this  imparity,  it 
was  decided  to  determine  the  action  of  yarions  sulphur  compounds  in 
aoceleratiTig  or  retarding  the  rate  of  dissolntion ;  bat  before  the 
Tesalts  of  ^ese  experiments  are  given  it  will  be  necessary  to  give  a 
short  aoconnt  of  the  way  in  which  the  operations  were  carried  out, 
and  of  the  influence  of  the  nature  of  the  surface  of  the  metal  upon 
Uie  reaction. 

Mode  of  Esepenmenting. 

An  ordinary  distillation  flask  was  provided  with  a  capillary  de- 
livery tube  to  collect  the  evolved  hydrogen  in  the  usual  way  at 
a  pneumatic  trough.  It  was  placed  in  a  water*bath  of  tinned 
iron,  and  this  was  kept  at  a  constant  temperature  by  means  of  a 
Harcourt*s  gas  regulator.*  The  acid  was  placed  in  the  flask,  and, 
when  it  had  attained  the  temperature  of  the  bath,  the  sphere  of  zinc 
was  introduced.  In  some  cases  the  volume  of  gas  evolved  in  a  given 
time  was  considered,  in  others  the  weight  of  zinc  dissolved. 

Influence  of  the  Nature  of  the  MetalUc  Surface. 

In  1866,  Calvert  and  Johnson  noticed  "the  irregularity  of  the 
action  of  sulphuric  acid  on  zinc,  depending  ....  upon  the 
peculiar  state  of  its  surface."  "Thus  we  have  found,"  they  say, 
"  that  cubes,  which  had  been  made  of  the  same  zinc  but  at  dif. 
ferent  times,  were  acted  upon  more  or  less  by  the  same  acid  when 
placed  under  the  same  circumstances ;  and  these  observations 
gradually  led  us  to  the  discovery  of  a  curious  fact,  viz.,  that  a  per- 
fectly clean  surface  of  zinc  will  become  after  a  few  days  sufiBciently 
oxidised  by  contact  with  air  to  modify  in  a  very  marked  degree  the 
action  of  sulphuric  acid  upon  it.  Thus,  if  a  cube  of  zinc  recently 
filed  is  placed  in  sulphuric  acid  diluted  with  nine  equivalents  of 
water,  the  action  may  be  considered  as  null ;  whilst  i£  the  same  cube 
be  gently  heated  in  contact  with  air  and  allowed  to  cool,  and  be  then 
placed  in  the  same  strength  of  acid,  the  attack  is  ten  times  greater  " 
(Trans.,  4,  1866,  434).  From  what  follows  in  this  paragraph  it  will 
be  tolerably  evident  that  roughness,  not  oxidation,  of  the  metallic 
surface  is  the  vera  causa  of  the  increase  of  velocity.  Indeed,  it  is 
difficult  to  see  how  superficial  oxidation  could  exert  more  than  a 
momentary  influence,  seeing  that  the  oxide  would  be  instantly  dis- 
solved by  contact  with  the  acid ;  whereas  increased  roughness  pro- 

•  S«e  paper  by  Y.  H.  YeLoy,  Gftcm.  Soe.  Trams,,  1889,  p.  370. 
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daced  bj  the  formation  and  subsequent  dissolution  of  the  oxide 
would,  as  is  here  shown,  increase  the  rate  of  dissolution  of  the  metal 
very  materially. 

Expefriment  1. — A  large  zinc  sphere,  weighing  8*5  grams,  and  cast 
in  the  way  mentioned  above,  was  taken.  The  surface  was  rubbed 
with  sand-paper  to  ensure  roughness,  and  the  sphere  was  then 
4ropped  into  150  c.c.  of  sulphuric  acid  which  had  been  boiled  for  one 
hour  only  during  the  passage  of  air.  The  relative  density  of  the  acid 
was  1'231,  and  its  temperature  during  the  action  23 — 24-6'.  In  one 
hour  07935  gram  of  zinc  was  dissolved  and  275*9  c.c.  of  moist 
hydrogen  obtained.  The  rate  of  dissolution  is  here,  of  course,  ex- 
tremely great,  and  so  in  the  next  experiments  spheres  were  taken 
wliich  had  been  cast  in  glass  bulbs,  but  which  had  not  been  rubbed 
with  sand-paper. 

Experiment  2. — A  sphere  weighing  3*2  grams  was  used  under 
almost  the  same  circamstances  as  in  the  last  experiment.  In  the 
firnt  few  moments  the  evolution  of  gas  was  extremely  slow ;  in  20 
minutes  only  15*2  c.c.  were  collected.  Then,  as  the  surface  became 
coarser,  the  rate  of  dissolution  increased,  and  in  two  consecutive 
periods  of  20  minutes  there  were  collected  28*4  and  40*4  c.c.  of  gas. 
It  should  here  be  mentioned  that  as  a  zinc  sphere  of  smooth  surface 
dissolves,  it  first  assumes  a  faceted  structure,  owing  to  the  crystalline 
nature  of  the  metal,  and  afterwards  becomes  very  coarse  indeed, 
developing  a  pitted  or  pimpled  surface. 

Experiment  3. — Four  spheres  were  taken  and  dropped  into  50  c.c 
of  acid  under  the  same  circumstances  as  before.  Of  these,  A  was 
much  smoother  than  B,  and  C  than  D.  Making  some  allowance  for 
the  small  difference  in  the  areas  of  surface  of  each,  it  will  be  per- 
fectly obvious  that  the  smoother  the  sphere  the  slower  is  the  rate  of 
dissolution : — 


Weight. 

C.c.  of  gas  evolved  isx  16  mioB. 

A 

2-967 
2-981 

7*4 

B 

16-0 

c 

8-393 
8-317 

7*0 

D 

11*1 

Experiment  4. — ^An  acid  of  rel.  den.  1*178  was  now  used.  It  had 
been  boiled  for  six  hours  while  hydrogen  was  passed  through  it.  Into 
50  c.c.  was  placed  a  very  bright  sphere  weighing  2*8  grams.  In  one 
hour  and  a  half  only  0*0025  gram  was  dissolved. 

At  this  point  it  was  discovered  that  the  best  way  to  obtain  a  per- 
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fecti J  smooth  metallic  surface  is  to  act  ou  the  sphere  with  aqua  regia. 
A  cast  sphere  is  simplj  dropped  into  a  mixture  of  concentrated  nitric 
and  hydrochloric  acids.  A  violent  effervescence  occurs,  and  after 
10  or  15  seconds  the  action  is  stopped  by  adding  a  large  excess  of 
water.  After  well  washing  and  drying,  the  specimen  is  ready  for 
use. 

A  sphere  thus  prepared,  and  weighing  1*8  grams,  lost  in  19  hours 
40  minutes  merely  the  small  weight  of  5  milligrams  when  placed  in 
the  boiled  acid  just  mentioned^ 

Another  sphere,  weighing  2'8  grams,  lost  only  6  milligrams  in  19 
hours  25  minutes. 

All  spheres  which  had  been  rubbed  with  sand-paper  dissolved  with 
rapidity  under  the  same  conditions. 

From  these  experiments,  it  is  evident  that  dilute  stdphuric  acid  has 
little  or  no  action  upon  zinc,  provided  that  the  acid  be  boiled  for 
several  hours  and  the  metal  have  a  perfectly  smooth  surface. 

Action  of  Various  Sulphur  Compounds. 

Hydrogen  Sulphide  appears,  like  all  the  sulphur  compounds  tried,  to 
have  no  action  in  either  accelerating  or  retarding  the  dissolution  of 
the  zinc.     A  few  results  will  be  given, 

EoBperiment  1. — A  smooth  sphere,  weighing  2'9  grams,  was  dropped 
into  an  acid  of  rel.  den.  1*231,  which  had  been  boiled  for  an  hour 
during  the  passage  of  air.  The  temperature  was  22°  C.  In  three 
successive  periods  of  five  minutes  there  were  evolved  0*0,  3*2,  and 
4*2  c.c.  of  hydrogen.  10  c.c.  of  the  same  acid^  through  which 
hydrogen  sulphide  had  been  passed,  were  then  added,  and  the  rate 
became  5'2  and  5*6  c.c.  for  five  minutes.  After  adding  more  hydro- 
gen sulphide,  the  rate  became  7'7  and  7*9  for  five-minute  intervals, 
and  after  more  still,  7'7  and  81.  This  gradual  increase  in  the  rate 
is,  of  course,  due  to  the  surface  of  the  metal  becoming  roughened 
during  the  progress  of  the  reaction. 

Experiment  2. — A  rough  sphere,  weighing  3*3  grams,  was  dropped 
into  the  same  acid  at  a  temperature  of  23°  G.  For  periods  of  five 
minutes  there  were  evolved  9*6,  9*8,  9*8, 10*4  c.c.  of  gas,  and  after 
adding  hydrogen  sulphide,  10*7,  100,  10*3,  9*6  c.c. 

Sulphur  Dioxide. — A  large  number  of  experiments  was  made  with 
this  substance,  as  it  was  thought  that  it  might  perform  an  active  part 
in  the  dissolution,  just  as  nitrous  acid  does  when  copper  is  dissolved 
in  nitric  acid. 

Experiment  1. — ^A  rough  sphere,  weighing  about  8^5  grams,  was 
placed  in  the  acid  just  mentioned  at  a  temperature  of  22"*  G.  For  five- 
minute  periods  there  were  evolved  11 '4, 11*6, 12  0, 12*4  c.o.  of  hydro- 
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gen,  and  after  a  few  drops  of  a  solation  of  snlpHur  dioxide  had  beeo 
added,  12-4, 11-6,  IIG,  13-5,  12-3,  12-2. 

Experiment  2. — When  mach  sulphur  dioxide  is  present,  the  evolu- 
tion of  hydrogen  almost  ceases,  but  the  rate  of  dissolution  remains 
about  the  same.  Thus,  under  the  same  circumstances  as  in  the  last 
experiment,  a  rough  sphere,  weighing  about  2  grams,  lost  0'099  gram 
in  15  minutes,  the  evolution  of  hydrogen  being  regular  (12*2,  11*8, 
12*0  c.c.  for  five-minate  periods).  Then,  after  the  addition  of  sulphur 
dioxide,  the  sphere  lost  0'085  gram  in  the  same  time,  while  the  evolu* 
tion  of  hydrogen  became  much  slower. 

When  smooth  spheres  are  used,  the  acceleration  of  the  velocity  of 
dissolution,  after  adding  sulphur  dioxide,  is  not  greater  than  oan  be 
accounted  for  by  the  increasing  roughness  of  the  sur&ice  of  the 
zinc. 

With  acids  boiled  for  six  hours,  the  results  are  precisely  the  same. 
Thus,  a  smooth  sphere  in  an  acid  of  rel.  den.  1'178  lost  practically 
nothing  in  one  hour,  and  only  2  milligrams  in  the  same  time  when  a 
few  drops  of  a  solution  of  sulphur  dioxide  had  been  added. 

HyposulphuroTis  acid,  contained  in  an  aqueous  solution  of  sulphur 
dioxide  which  had  stood  in  contact  with  pure  zinc  for  a  short  time, 
also  proved  to  have  no  effect,  as  will  be  seen  from  the  table  (p.  823). 

Influence  of  Hydrogen  Peroxide. 

Experiment  1. — ^An  acid  of  rel.  den.  1*179,  which  had  been  boiled 
for  six  hours  during  the  passage  of  hydrogen,  was  taken.  At  a  tem- 
perature of  26**  C.  a  rough  sphere,  weighing  about  3  grams,  lost  0*034, 
0*036,  0*037  gram  in  half-hour  periods.  After  the  addition  of  5  c.c. 
of  the  same  acid,  which  had  stood  in  contact  with  barium  dioxide  and 
been  filtered,  the  losses  were  0050  and  0*047  gram.  In  an  unboiled 
acid  of  rel.  den.  1*172,  the  loss  in  the  same  time  was  0*198  gram. 

Experiment  2. — Here  an  acid  of  rel.  den.  1*231,  which  had  been 
boiled  for  an  hour  only  during  the  passage  of  air,  was  used.  For  five- 
minute  periods,  a  rough  sphere,  weighing  about  7  grams,  g^ve  16'0, 
14*0,  160,  14*0  c.c.  of  hydrogen,  and  after  the  addition  of  hydrogen 
peroxide,  23*5,  24*5,  28*5,  28*5. 

Another  sphere,  weighing  8  grams,  gave  11*4, 12*0, 12*6, 12*8  c.o.  of 
gas,  and  after  adding  the  peroxide,  16*2,  15*4,  16*6,  and  19*8.  The 
temperature  in  these  cases  was  22^  C. 

Experiment  3. — In  one  case,  using  a  boiled  acid  of  rel.  den.  1*178, 

the  rate  was  nearly  doubled  after  adding  hydrogen  peroxide.    For 

five-minute  intervals  the  amount  of  gas  collected  was  3*3,  2*7,  2*2, 

2*2  c.c,  and  after  the  addition  of  the  peroxide  3*7,  3*7,  4*6,  and  5*0. 

From  these  experiments,  it  will  be  seen  that  hydrogen  peroxide 
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materially  angments  the  rate  of  disBolxition  of  zinc  in  snlphario 
acid. 

Action  of  an  Eleetrolyted  Add. 

The  oxidising  action  which  goes  on  during  electrolysis  increasee 
the  power  of  the  acid  in  dissolving  zinc. 

Experiment  1. — A  smooth  sphere,  weighing  over  2  grams,  was  acted 
upon  by  an  acid  of  rel.  den.  1*222,  which  had  been  boiled  for  six 
honrs  while  hydrogen  was  blown  throngh  it.  At  a  temperature  of 
24°  it  lost  0012  gram  in  1  hour  15  minutes.  It  was  then  placed 
(under  similar  conditions)  in  the  same  acid  which  had  been  elec- 
trolysed for  25  minutes,  and  in  1  honr  15  minutes  it  lost  0'466 
gram.  Of  course,  allowance  must  here  be  made  for  increased 
roughness  produced  during  the  reaction,  but  in  any  case  the  action  of 
the  electrolysed  acid  must  have  been  much  more  powerful  than  that 
of  the  acid  which  had  been  merely  boiled. 

Experiment  2. — A  rough  sphere,  weighing  1  gram,  was  placed  in  a 
boiled  acid  of  rel.  den.  1'186  for  15-minute  periods  at  a  temperature 
of  28"  0. 

Aoid  of  sp.  gr.  1*186.  Lom  in  16  mins. 

(i.)  Boiled  for  six  hours 0*004  gram. 

(ii.)  Ditto 0004      „ 

(iii)  Ditto 0*004      „ 

(iv.)  Do.,  and  electrolysed  for  20  mias 0048      ,, 

(y.)  Boiled  for  six  hours 0*016      „ 

(vi.)  Do.,  and  electrolysed  for  20  mins 0*059      „ 

(vii.)  Boiled  for  six  hours ' 0*023      „ 

(▼iii.)  Ditto 0016      „ 

(ix.)  Ditto 0009      „ 

(x.)  Ditto 0008      „ 

From  the  figures  here  given,  a  somewhat  curious  fact  comes  tc 
light.  It  was  noticed  throughout  the  whole  of  the  experimeDts  that 
each  acid  seems  to  impress  a  more  or  less  constant  condition  of 
surface  upon  the  spheres.  An  unboiled  acid  acts  with  great  rapidity, 
and  forms  a  very  rough  surface.  A  boiled  acid  acts  less  quickly,  and 
forms  a  more  even  surface.  On  referring  to  Experiments  vii — x, 
however,  it  will  be  seen  that  a  considerable  time  is  required  before  an 
acid  can  restore  its  original  condition  of  surface  to  a  sphere,  after 
that  condition  has  been  disturbed. 

Action  of  Nitric  Add. 

Only  one  experiment  with  nitric  acid  was  made,  and  it  was  found 
that  a  very  small  quantity  of  it  greatly  increased  the  rate  of  dissolu- 
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tion.  A  rongli  sphere,  weighing  2*607  grams,  was  placed,  at  a  tem- 
perature of  22'5^  C.,  into  50  c.o.  of  a  dilnte  snlphnric  acid,  which  had 
a  rel.  den.  of  1*231,  and  which  had  been  boiled  for  one  hoar  during 
the  passage  of  air.  The  rate  of  dissolution  was  uniform,  6*0,  64,  6*0, 
and  5*6  c.c.  of  gas  being  collected  in  fiye-minnte  intervals.  The  loss 
in  20  minntes  was  0*067  gram.  Fonr  or  five  drops  of  pure  nitric  acid 
were  then  added,  and  the  loss  in  20  minntes  increased  to  0*181  gram, 
or  nearly  three  times  as  mnch  as  in  the  first  case.  The  eyolntion  of 
gas  almost  entirely  ceased. 

Action  of  Hydriodic  Acid. 

Experiment  1. — A  rough  sphere,  weighing  3  grams,  was  placed  in 
the  same  acid  as  that  used  in  the  last  experiment,  and  under  similar 
conditions.  For  fiye-minute  periods  there  were  evolved  7*0,  6*8,  7*4, 
6*5,  6*4,  6*3  c.c.  of  hydrogen,  and  after  adding  a  few  drops  of  a  pure 
solution  of  hydriodic  acid,  the  rate  became  reduced  to  2*8, 1*7,  2*0, 
1*8,  20,  20  c.c.  of  gas. 

Experiment  2. — A  rough  sphere,  weighing  2*5  grams,  was  placed  in 
ui  acid  which  had  been  boiled  for  six  hours  daring  the  passage  of 
hydrogen,  and  which  had  a  rel.  den.  of  1*179.  Three  drops  of  a 
solution  of  hydriodic  acid  were  added  to  25  c.c.  of  the  boiled  acid, 
and  the  mixture,  before  the  introduction  of  the  zinc,  had  stood  for 
several  hours  in  a  closed  vessel  in  the  dark.  In  20  minutes  the 
sphere  lost  0*002  gram.  Under  similar  conditions,  but  in  a  mixture 
containing  more  hydriodic  acid,  the  sphere  lost  only  0*002  gram  in 
3  hours  33  minutes. 

From  this  it  is  evident  that  dilute  sulphuric  acid  containing  a 
little  hydriodic  acid  is  almost  without  action  upon  zinc,  even  when 
the  sur&ce  of  the  metal  is  extremely  rough. 

Nature  of  the  "  Third  Substance," 

The  above  experiments  seem  to  show  that  ordinary,  so-called  pure 
snlphuric  acid  contains  some  substance  (probably  in  small  quantity) 
which  is  wholly  or  partly  decomposed  or  driven  off  by  boiling.  This 
substance  is  not  hydrogen  sulphide  nor  sulphur  dioxide,  and  it  is  not 
hyposnlphnrous  acid,  nor  any  of  the  acids  contained  in  Wacken- 
roder's  solution. 

From  the  fact  that  oxidising  agents,  such  as  hydrogen  peroxide, 
hydrogen  nitrate,  and  sulphuric  acid  which  has  been  electrolysed 
increase  the  velocity  of  dissolution,  it  is  not  improbable  that  the  third 
snbstance  is  some  highly  oxygenated  compound.  This  view  is  borne 
oat  by  the  action  of  hydriodic  acid,  a  x>edacing  agent  which  very 
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greatiy  retards  the  rate  of  dissolntion.  And  the  fact  that  "pure** 
snlphnric  acid,  when  dilated  with  fonr  times  its  volnme  of  water, 
reacts  with  a  solution  of  potassinm  iodide  and  starch  also  favours  the 
hjpothesia. 

From  the  great  action  of  nitric  acid  in  increasing  the  rate  of  dis- 
solntion,  it  might  well  happen  that  a  mere  trace  contained  in  snl- 
phnric acid  would  be  sufficient  to  commence  the  reaction.  Bat  all 
specimens  of  the  qcid,  when  tested  with  brucine,  gave  negatiYe 
results,  although  a  very  pale  rose  tint  was  always  obtained^  even  on 
boiling  down  several  times  acids  which  had  been  largely  dilated 
(Fresenius,  "  Qnalitative  Analysis,"  10th  edition,  p.  231).  The  acids 
were  also  tested  for  nitrous  acid  by  means  of  metaphenylenediamine, 
but  seemed  to  contain  not  even  a  trace.  Hydrogen  peroxide  was  also 
absent,  and  it  was  not  formed  on  heating,  as  in  McLeod's  ele^otro- 
lysed  acid  mentioned  below. 

Sulphurous  acid  was  probably  present  in  small  quantities,  as  all  the 
acids  decolorised  to  a  slight  extent  a  solution  of  potassium  perman- 
ganate.  The  boiled  acids  gave  this  reaction,,  even  in  a  stronger 
degree  than  the  unboiled. 

An  attempt  was  made  to  prepare  pure  sulphuric  acid  by  oxidising 
a  solution  of  sulphurous  acid  with  hydrogen  peroxide;  but  the  acid 
thus  made  still  dissolved  zinc.  Copper  sulphate  was  next  precipi- 
tated with  hydrogen  sulphide,  and  the  resulting  liquid  distilled  several 
times  in  a  glass  retort ;  this  acid  also  dissolved  zinc,  and  liberated 
iodine  from  potassium  iodide,  but  it  did  not  seem  to  deoolorise  per- 
manganate. 

The  view  here  put  forward  is,  that  the  third  substance  which 
causes  the  dissolution  of  the  zinc  is  persnlphuric  acid.  McLeod 
remarks  that  on  submitting  dilute  sulphuric  acid  to  electrolysis,  an 
oxidising  agent  is  produced  which  liberates  iodine  from  potaflsium 
iodide,  but  which  is  not  peroxide  of  hydrogen.  He  believes  it  to  be 
persnlphuric  acid,  whose  anhydride  was  obtained  by  Berthelot  when 
electric  sparks  were  passed  through  a  mixture  of  oxygen  and  snlphor 
dioxide.  On  boiling  the  liquid  containing  this  acid,  hydrogen  per- 
oxide was  produced  (McLeod,  Oltem,  Soc,  Trans,,  1886,  p.  594). 

The  facts  established  in  this  paper  agree  well  with  the  supposition 
that  persulphuric  acid  is  the  vera  causa  of  the  dissolution  of  zinc  in 
sulphuric  acid.  And  especial  mention  may  be  made  of  the  following 
results : —  First,  that  the  acids  used  had  always  much  less  action  on 
zinc,  when  they  had  been  boiled  (the  persulphuric  acid  being  decom- 
posed by  the  heat) ;  second,  that  an  electrolysed  add  acts  mnob 
more  readily  than  an  acid  which  has  not  been  submitted  to  that 
process;  third,  that  hydrogen  iodide  prevents  the  reaction  almost 
completely,  even  under  circumstances  which  are  most  favourable  to 
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the  reaction ;  fourth,  that  ordinary  "  pure  "  Bnlphnric  acid  containB 
some  body  which^  like  persiilpliiiric  acid,  liberates  iodine  from  potas- 
sium iodide,  but  whicb  is  not  hydrogen  peroxide ;  fifth,  that  other 
highly  oxygenated  compounds,  such  as  nitric  acid  and  hydrogen  per- 
oxide, act  in  the  same  way  as  persulphuric  acid,  if  that  is,  indeed,  the 
body  contaioed  in  sulphuric  acid  which  has  been  electrolysed. 

Burmnary  and  Conclusion. 
The  following  results  have  been  proved  in  this  paper: — 

(i.)  That -pure  zinc  with  a  perfectly  smooth  surface  is  not  acted 
npon  by  dilute  sulphuric  acid  which  has  been  submitted  to  prolonged 
boiling. 

(ii.)  That  pure  zinc  with  a  rough  surface  is  readily  acted  upon,  but 
in  a  less  degree  by  acids  which  have  been  boiled  than  by  those  which 
have  not. 

(iii.)  That  oxidising  agents,  such  as  electrolysed  sulphuric  acid, 
hydrogen  peroxide,  and  nitric  acid,  increase  the  rate  of  dissolution. 

(iv.)  That  a  reducing  agent,  such  as  hydriodic  acid,  almost  entirely 
prevents  dissolution,  but  that  those  containing  sulphur,  such  as 
sulphur  dioxide,  are  without  effect. 

(v.)  That  it  is  not  improbable  that  when  zinc  with  a  rough  surface 
dissolves  in  dilute  sulphuric  acid,  persulphuric  acid  acting  cataly- 
tioally  is  the  cause  of  dissolution. 

(vi.)  That,  in  all  probability,  pwre  dilute  sulphuric  acid  would,  at 
ordinary  temperatures,  be  entirely  without  action  upon  metallic  zinc, 
whether  the  surface  of  the  latter  were  rough  or  smooth. 

In  conclusion,  I  must  express  my  very  sincere  thanks  to  Mr.  V.  H. 
Veley,  M.A.,  of  the  Oxford  University  Museum.  It  was  he  who 
proposed  this  work,  and  from  him,  during  its  progress,  many  valu- 
able suggestions  and  much  help  were  obtained. 

I  am  also  greatly  indebted  to  Professor  Odling  and  Mr.  W.  W. 
Fisher,  M.A.,  for  permission  to  carry  on  this  work  in  the  University 
Laboratory. 
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LTX. — A  New  Monohromocamphor, 
Bj  J.  E.  Marsh. 

Action  of  Bromine  on  Camphor, 

The  action  of  bromine  on  camphor  may  be  said  to  be  a  commercial 
process  for  the  prodaction,  for  pharmacentical  purposes,  of  tbe 
ordinary  moDobromocamphor.  The  yield  of  the  bromocamphor  is, 
in  the  first  instance,  a  relatively  small  one.  There  accompanies  the 
crystalline  bromocamphor  a  considerable  quantity  of  an  oil  which, 
according  to  S warts,  is  the  hydrobromide  of  bromocamphor, 

eCoHiftBrO  +  HBr. 

By  distilling  this  oil,  the  yield  of  bromocamphor  is,  as  is  known, 
materially  increased.  The  existence  of  such  a  compound  as  that 
supposed  by  Swarts  is  open  to  serious  doubt.  In  the  first  place,  it  is 
unlikely  that  bromocamphor  should  form  a  compound  with  hydro- 
bromic  acid,  and  still  less  likely  that  6  mols.  of  the  one  should 
combine  with  1  mol.  of  the  other.  I  shall  endeavour  in  this  paper  to 
show  that  the  action  of  bromine  on  camphor  is  such  as  to  give  two 
isomeric  monobromocamphors.  These  are  in  approximately  equal 
quantity,  of  which  one,  the  iso-  or  /9- bromocamphor,  is  readily  con* 
verted  by  distillation,  under  ordinary  pressure,  into  the  other,  namely, 
the  ordinary  or  a-bromocamphor ;  and  the  increased  production  of 
the  ^-bromocamphor  by  distilling  the  above-mentioned  oil  is  to  be 
explained  by  the  conversion  of  the  /3-  into  the  a-isomer. 

Pr^paroHon  of  the  IsO'  or  fi-Monohromoeamphor. 

The  new  isomer  is  best  prepared  by  the  action  of  bromine  on 
camphor  in  presence  of  alcohol,  the  diluent  alcohol,  which  was  also 
employed  by  Swarts,  appearing  to  facilitate  the  subsequent  separation 
of  the  two  isomers.  This  separation  is  in  any  case  a  difficult  one, 
and  I  am  unable  to  state  positively  that  I  have  obtained  the  new 
isomer  absolutely  free  from  the  ordinary  modification.  This  I  judge 
from  the  slight  variations  which  specimens  of  the  same  melting  point 
show  in  respect  of  rotatory  power,  or,  perhaps  it  would  be  more 
correct  to  say  that  a  slight  admixture  of  the  ordinary  isomer  affects 
the  melting  point  much  less  than  the  rotatory  power. 

The  /d-isomer  is  extremely  soluble  in  alcohol,  and  is  separated  from 
the  ^-modification  by  fractional  crystallisation  from  alcohol.  It  is 
further  separated  from  unaltered  camphor  by  distillation  in  vacuo, 
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^^Iieii  it  distils  unaltered  at  aboat  ISC'  nnder  10  mm.,  or  140°  under 
20  mm.  pressure.  Tlie  a-isomer  distils  under  the  same  circnmstances 
at  sabstantially  the  same  temperature. 

When  bromine  acts  on  camphor  in  presence  of  alcohol,  the  snbstita* 
tion  appears  to  take  place  at  once,  regularly  and  quietly,  without  the 
formation,  and  subsequent  decomposition  at  a  high  temperature,  of 
the  additive  compound  CloHieOBra.  Whereas,  when  bromine  acts 
on  camphor  alone,  the  additive  compound  formed  at  first  decomposes, 
as  is  known,  on  raising  the  temperature,  with  some  violence  and 
with  evolution  of  torrents  of  hydrobromic  acid.  The  new  isomer  is 
also  formed  by  this  latter  method,  and  at  the  same  time  I  have 
obtained  a  liquid  of  boiling  point  about  160°  under  20  mm.  pressure, 
apparently  a  single  substance,  which  contains  an  amount  of  bromine 
just  midway  between  mono-  and  di-bromocamphor. 

Estimation  of  Bromine, 
Found.  Caloulated  for 


I.  n.  C,oHi,BrO.  C,oHi4Br,0. 

42-7  p.  c.        427  p.  c.  84*6  p.  c.  61-6  p.  c. 

1  hope  to  return  to  the  investigation  of  this  substance. 

Properties  of  fi'Monohromocamphor. 

The  i3-monobromocamphor,  as  obtained  after  distillation  in  vacuo, 
forms  on  solidifying  an  almost  transparent  mass,  easily  breaking  up 
into  a  soft,  granular  powder,  very  different  in  appearance  from  the 
hard  crystals  of  the  ordinary  modification.  It  melts  about  61*^  0.  I 
have  obtained  it  crystallised  from  dilute  alcohol  in  feathery  crystals 
which  bind  together  when  dry,  forming  tough,  camphor- like  masses. 
It  is  very  soluble  in  alcohol,  chloroform,  carbon  bisulphide,  petroleum 
spirit,  and  glacial  acetic  acid,  and  separates  on  evaporation  in  the 
crystalline  form. 

It  is  volatile  in  the  steam  from  boiling  water,  as  is  also  the  ordinary 
isomer. 

It  rotates  the  plane  of  polarised  light  to  the  right,  but  to  a  much 
less  extent  than  the  a-modification.  I  have  found  in  alcoholic  solution, 
[a]D  =  +34*9**  and  +40°,  while  the  ordinary  modification  gives 
[«]i>  =  +139*  (De  Montgolfier). 

Determination  of  Bromine, 

I  have  made  several  determinations  of  bromine  in  the  new  sub- 
stance, of  which  the  theoretical  percentage  is  346.  A  specimen 
prepared  with  alcohol  as  a  diluent,  and  distilled  in  vacuo  and  rotated 
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+34*9°  gave  35*3  and  35*5  per  cent  of  bnimine.  Itmight,  daving  the 
distillation,  have  mecfaanioally  enolosed  Bome  hjdrobromio  aoid. 
Another  specimen  which  had  been  ciystallised  from  alcohol  gave  35*1 
per  cent.  S  warts'  componnd  of  6  mols.  bromooamphor  and  1  mol. 
of  hydrobromic  acid  requires  38*1  per  cent,  of  bromine. 

IHsHUation  of  p-Monohromocamphor  wider  Ordinary  Pressure. 

When  distilled  nnder  ordinary  pressure,  the  new  isomer  begins  to 
boil  at  250",  and  distils  fairly  constant  at  265° ;  the  distillate  crystal- 
lised  from  alcohol  gives  the  hard  crystals  characteristic  of  the  ordinary 
modification,  and  melting  about  76°.  During  the  distillation  there  is 
a  slight  evolution  of  HBr,  and  a  small  carbonaceous  rwidue  is  left  in 
the  retort.  The  conversion  of  one  isomer  into  the  other  by  distilla- 
tion is  not  complete,  and  a  more  detailed  examination  was  made  as  to 
the  extent  of  the  change. 

A  specimen  of  the  isomeric  /3-bromocamphor,  which  had  been 
distilled  in  vclcuo  and  gave  a  specific  rotation  of  +34'9^,  was 
distilled  slowly  under  ordinary  pressure ;  the  distillate  gave  now  a 
specific  rotation  of  +96°.  Subjected  to  a  second  distillation,  tbe  new 
distillate  gave  a  specific  rotation  of  +98°.  The  distillate  was  dis- 
solved in  alcohol,  and  gave  crystals  of  the  ordinary  modification  and 
of  specific  rotation  +135°,  while  on  further  evaporation  a  residue 
was  obtained  of  specific  rotation  +56°;  this  residue  again  distilled 
gave  a  distillate*  of  specific  rotation  +76°.  The  alcoholic  solution, 
on  boiling  down  again,  gave  a  crystallisation  closely  resembling  the 
ordinary  monobromocamphor. 

It  is  thus  evident  that  the  /3-  is  converted  into  the  a-modification 
by  distilling  at  ordinary  pressure,  while  no  change  is  effected  by  dis- 
tilling in  vacuo;  that  this  change  in  any  case  is  not  complete,  but 
would  probably  become  so  by  separating  the  already  formed  a-isomer 
after  each  distillation. 

Nature  of  the  Isomerism  and  of  the  Isomeric  Change. 

The  relations  subsisting  between  the  two  isomeric  bromocamphors 
render  it  extremely  probable  that  we  have  here  another  instanoei 
not  of  structural  but  of  geometrical  isomerism.  The  conversion  of 
one  isomer  into  the  other  by  the  action  of  heat  recalls  the  similar 
conversion  in  the  case  of  lesvocamphoric  acid  and  of  fumaric  acid. 
That  the  bromine-atom  in  the  ordinary  bromooamphor  is  attached  to 

•  On  remoTini^  this  substance  from  tbe  desiccator,  it  was  accidently  moistened 
vith  strong  sulphuric  acid.  It  was,  howerer,  immediately  reoorered,  not  being  in 
contact  with  tbe  aoid  many  seconds,  and  suffered  no  apparent  change. 
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he  carbon^atom,  which  in  united  to  the  CO-groap,  is  mndered 
evident  from  the  oxidation  of  this  body  to  camphoric  acid.  The 
tbrmula  then  which  I  have  given  for  camphor  (Froo,  Boy.  Soc,  47, 
6)  accounts  perfectly  for  two  stereographicallj  isomeric  monobromo- 
camphors,  and  they  may  be  represented  by  the  condensed  formulie 

^   H  H    Br 

and  they  will  both  have  the  same  straotnral  formula  represented  by 

^i  S^  00. 

'  As  to  the  particular  space  symbol  which  belongs  to  each  isomer, 
we  have  no  direct  evidence ;  but  it  seems  probable,  from  analogy, 
that  the  more  stable  of  the  two,  namely,  the  ordinary  bromocamphor, 
will  be  the  one  in  which  the  bromine  approaches  more  nearly  the 
positive  hydrocarbon  groupings.  The  hezamethylene  ring  does  not 
lie  in  the  same  plane  with  the  pentamethylene  ring,  but  inclined  to  it 
at  an  angle.  The  bromine-atom  in  the  ordinary  «-bromocamphor 
will  then  lie  on  the  same  side  of  the  pentamethylene  ring  plane  as 
the  hexamethylene  ring,  while  in  the  ^^isomer  the  bromine-atom  will 
be  on  the  other  side. 

As  to  the  mode  in  which  the  isomeric  change  is  ^ected,  Wislicenus 
has,  in  his  well-known  memoir,  *'  Ueber  die  raumliche  Anordnung, 
n.  8.  w.,"  attempted  to  explain  the  conversion  of  one  stereometric 
isomer  into  the  other  in  the  case  of  the  olefine-derivatives,  by  sup- 
posing the  double  linking  to  open  out :  then  an  exchange  of  groups 
occurs,  the  double  linking  is  again  formed,  and  the  isomeric  body 
obtained. 

Von  Baeyer  has  pointed  out  the  objection  to  this  view  in  the  case 
of  the  hexahydroterephthalic  acids,  Where  there  is  no  double  linking. 
The  same  objection  would  apply  to  an  isomeric  change  of  this  nature 
in  the  camphor  series.  Now  these  isomeric  changes  only  occur,  so 
far  as  is  yet  known,  in  cases  where  there  is  an  oxygen-atom  doubly 
linked  to  carbon,  and  situated  in  one  of  the  groups  which  govern  the 
isomerism.  It  may  be,  then,  that  this  oxygen-atom,  under  the 
influence  of  heat  or  of  certain  reagents,  passes  into  its  unstable 
hydroxyl  form,  and,  on  returning  to  its  original  carbonyl  state,  gives 
not  the  original  substance,  but  its  isomer. 
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Thns  we  shonld  have,  in  the  case  of  the  bromocamphors, 

H    Br  Br  H 

/S-Bromoeamphor.      Unstable  tnnntion         a-Bromoeamphor. 
compound, 

and  similarly,  in  the  case  of  maleio  and  f  amaric  acids, 

H    COOH  C(OH),  H    OOOH 

/\  d(OH),  /\ 

H    COOH  COOH   H 
Maleic  acid.       Unstable  transition  Fomaric  arid, 

compound. 

The  possibility  of  such  isomeric  change  would  then  be  confined  to 
bodies  which  contain  donblj-linked  oxygen  (or  its  equivalent,  e.g., 
snlphnr  or  the  imidogen  radical)  capable  of  yielding  an  unstable 
transition  compoand.  These  views,  thoagh  they  have  been  for  some 
time  in  my  mind,  I  cannot  claim  priority  for,  as  E.  Beckmann 
(AnncUen^  250,  365)  has  published  a  precisely  similar  explanation  of 
the  isomeric  change  in  the  case  of  the  menthones.  Dr.  Beckmann, 
however,  does  not  appear  to  have  considered  the  far-reaching  con- 
sequences to  which  his  happy  conception  leads. 

Note  on  the  Gonstitution  of  Camphor, 

Dr.  Bamberger  has  published  formulea  for  camphor  and  camphoric 
acid  (Ber.,  23,  218),  and  believes  that  the  latter  is  *'  wie  es  wohl 
meist  angenommen  wird" — a  tetramethylene-derivative.  Dr.  Bam- 
berger may  possess  some  special  information  that  his  view  has  been 
generally  accepted,  but  unfortunately  he  gives  no  references. 

The  formula  which  Dr.  Bamberger  gives  for  camphor  is  identical 
with  that  previously  proposed  by  Wallach  (Antuden,  230|  269).  It 
is  a  little  difficult  to  interpret. 
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Does  tlie  formula  represent  simply  an  nnsaturated  derivative  of 
hexamethjlene,  or  does  it  represent  two  tetramethjlene  rings  P  In 
the  latter  case  there  is  no  special  reason  for  retaining  a  hexagonal 
form,  and  the  formula  is  without  any  analogy  among  synthetic  com- 
pounds. That  alone  would  not  be  sufficient  to  condemn  it.  The 
condemnation  lies  in  the  formula  for  camphoric  acid  derived  from 
the  above  camphor  formula.  This  formula  represents  camphoric  acid 
as  a  tetramethylene  derivative, 

CaHr 

CH:r-9-C00H 
CHa-O-COOH' 

We  have  no  evidence  that  camphoric  acid  is  a  tetramethylene- 
denvative.  On  the  other  hand,  we  have  evidence  that  it  is  a  hexa- 
methylene-derivative,  in  that  it  yields,  on  hydrolysis,  carbonic  acid 
and  hexahydroxylene — 

CioHieOi  =  2C0,  -h  C.Hio(CHs),. 

Further,  if  camphoric  acid  has  the  tetramethylene  formula,  then 
it  ifl  also  a  substituted  succinic  acid,  and  should  yield  a  fluorescent 
compound  with  resorcin.  I  have  not  been  able  to  obtain  any  such 
fluorescent  body  from  camphoric  acid. 

A  Sulphonic  Acid  of  Monohromocamphor. 

In  conclusion,  I  may  add  that  I  have  obtained  a  sulphonic  acid  by 
treating  the  ordinary  bromocamphor  dissolved  in  chloroform  with 
cblorosulphonic  acid.  Neither  the  barium  nor  potassium  salt  appears 
to  crystallise  ;  the  potassium  salt  forms  on  evapo^'ation  a  syrupy  pro- 
duct which,  when  dried  at  over  100°,  gives  a  yellowish,  very  deli- 
quescent powder.  The  bromine  and  sulphur  in  this  were  determined, 
and  agree  very  fairly  with  the  formula.     Thus  : 

Per  cent,  sulphur  found  ....     9'51  p.  c.  and  9'33  p.  c. 
Calculated  for  doHuBrOSOaK 917    „ 

I  hope  to  investigate  the  substance  further. 
University  Laboratory ^  Oxford. 
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Paet  I. — General  ani>  Introductory^ 

Objects  of  the  Work. 

The  group  of  bodies  known  as  unorganised  ferments  or  enzymes  are, 
as  far  as  the  products  of  their  9.ctioa  are  concerned^  well  defined ; 
bat,  notwithstanding  much  useful  and  valuable  work,  we  know  veiy 
little  of  their  mode  of  action  and  far  less  of  their  chemical  constitu- 
tion. They  are  a  highly  interesting  and  important  class  of  substances, 
and  are  named  unorganised  ferments  in  contradistinction  to  the  living 
or  organised  ferments,  because  they  possess  a  life  function  without 
life.  The  function  or  functions  of  the  organised  ferments  are  highly 
complicated,  while  the  function  of  the- unorganised  ferments  is  more 
or  less  a  simple  breaking  down  of  some  organic  componnd.  They 
may  be  properly  called  the  transforming  ferments,  for  their  function 
is  a  transforming  or  breaking  down  of  one  substanoe  into  two  oi* 
more  others.  They  may  be  looked  upon  as  the  reagents  of  life,  and  they 
are  all  products  of  it.  Their  function  is  a  life  function.  Is  there 
anything  in  this  which  can  be  distinguished  from  ordinary  chemical 
action  ?     If  so,  what  ? 

.  Roberts,  in  his  admirable  little  work  on  *^*  The  Digestive  Ferments," 
holds  that  the  living  organism  by  which  they  are  produced  imparts 
to  them  a  certain  definite  amount  of  vital  force.  This  foree  is  stored 
up  in  the  ferment  until  it  comes  in  contact  with  the  particular  sab- 
stance  upon  which  it  is  intended  to  act,  and  then  it  is  used  in  altering 
it.  This  it  continues  to  do  until  the  whole  of  the  vital  force  is  ex- 
hausted. When  this  happens  the  ferment  is  still  left — but  it  is  dead. 
Other  observers  think  that  the  action  of  the  enzyme  is  an  ordinary 
chemical  reaction,  the  ferment  being  either  desti<oyed  in  the  procesp, 
or  remaining  uninjured  as  in  catalytic  reactions. 

To  throw  some  light  on  these  points  was  one  of  the  objects  of  this 
work ;  the  other  was  to  arrive  at  some  knowledge  of  the  chemical 
constitution  of  the  active  substance.  The  generally  received  idea  is 
that  they  are  the  products  of  some  change  in  albuminoids,  but 
Hartley  has  shown  that  some  of  them  at  least  do  not  act  upon  the 
spectrum  in  the  same  way  as  albuminoids ;  and  the  published 
analyses  represent  them  as  containing  far  less  nitrogen  than  that 
generally  yielded  by  those  bodies. 

Of  the  many  members  of  this  class  of  compounds  there  are  few 
that  can  be  easily  prepared  in  any  quantity,  and  very  few  the  func- 
tion of  which  can  be  followed  with  moderate  ease  and  sufficient 
accuracy.  Our  choice  of  material  fell  upon  tnvertase,  or,  as  it  is 
often  called,  invertin.  We  prefer  the  former  name,  because  we 
consider  the  ending  (^ase)  should  be  the  distinguishing  affix  of  the 
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names  of  this  group.  The  reasons  that  we  chose  invertase  were  that 
we  sncceeded  in  discovering  a  method  bj  which  it  is  to  be  obtained 
in  abnndance,  and  becanse  its  function  can  be  followed  with  ease  and 
precision.  We  hope  that  the  light  thrown  upon  the  mode  of  action 
and  chemical  constitution  of  one  member  of  the  group  will  be  a  kej 
to  a  wider  knowledge  of  the  others. 

Literature  referring  to  Invertcue. 

Invertase  has  been  the  subject  of  a  considerable  amount  of  study, 
but  the  following  may  be  taken  as  the  principal  published  results  on 
the  subject : — 

Beferences. 

Clande  Bernard.    **  Lapons  de  Physiologie  Experimental."    Paris,  1856. 

Hoppe-Seyler.     N.  Sep.  Pkarm.,  20,  764. 

Gunning.    Ber.,  6,  821. 

Zulkowskv  and  Eftnig.    J.  pr.  Ckem.  [8],  11,  48. 

Donath.    Ber.,  8,  785. 

Kosman.     Compi.  rend.,  ei,  40(5. 

Bourguelot.    J.  Pharm.  Chim.  [5],  7,  131. 

Barth.    Ber.,  11,  474. 

Brown  and  Heron.    Proo.  Boy.  Soc^  1880,  393  ;  also  Joum.  Chem.  8oe.,  8S,  1. 

Roberts.     "  Lumlian  Lectures,"  1880. 

Kjeldahl.     MeddeleUm-^  1881,  8,  186. 

Mayer.    Bied.  Cent.,  1882,  850,  and  1881,  784. 

Hartley.    Joum.  Ckem.  8oc.,  61,  60. 

MoUer.    Ann.  Agronom.^  12,  481. 

Hansen.     Meddelelser,  1888,  2,  143. 

Tamman.     Zeit.  phyeikal.  Chem.,  8,  25. 

B^hamp.    M4m.  AcadSmie  Science*,  28,  269,  847,  and  858. 

We  may  briefly  summarise  these  results. 

Occurrence, — Beer  yeast  and,  probably,  all  the  saccharomycetes  con- 
tain invertase.  Hansen  mentions  several  other  micro- organisms  in 
which  it  is  present.  Probably  all  organisms  which  have  the  power 
of  assimilating  cane-sugar  contain  invertase,  though  Hansen  states 
that  Monilia  Candida  is  an  exception  to  this  rule.*  Bernard,  and 
afterwards  Brown  and  Heron,  found  it  in  the  small  intestine  of  the 
dog,  pig,  rabbit,  rat,  and  various  other  animals,  and  the  latter  in  the 
cold-water  extract  of  malt.  Kosman  found  it  in  the  buds  and  leaves 
of  young  trees. 

Preparation. — Beer  yeast  has  always  been  the  source  of  the  pre- 
paration of  invertase.     The  following  are  the  principal  methods  used, 

*  We  tl.ink  it  probable  that  if  this  organism  were  placed  in  a  yerj  slightly  aeid 
solution  of  cane-sugar  and  the  whole  heated  to  a  temperature  of  65*  C,  tliit  i 
rent  exception  would  disappear. 
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but  it  does  not  seem  that  any  of  them  yield  more  than  very  small 
amoants  of  the  ferment. 

Yeast  is  killed  with  a  little  ether,  and  then  the  invertase  is  easily 
extracted  by  water  and  precipitated  bj  alcohol  (Hoppe-Seyler).  It 
may  be  extracted  from  washed  yeast  by  means  of  glycerine  (Gnn. 
ning).  Yeast  is  washed  with  alcohol,  dried,  and  powdered;  then 
extracted  with  water,  and  the  filtrate  shaken  np  with  ether,  which 
causes  the  invertase  to  separate  in  a  frog-spawn-like  mass.  This  is 
extracted  with  water,  and  the  ferment  thrown  out  of  solution  by 
alcohol  (Zulkowsky  and  Konig,  and  also  Donath).  Yeast,  dried  and 
powdered,  is  heated  at  105°  for  six  hours,  then  extracted  with  water, 
and  precipitated  by  alcohol.  Barth  thus  obtained  aboot  0*4  per 
cent,  of  the  yeast  as  invertdse.  Yeast  is  simply  extracted  with 
water,  and  sometimes  the  invertase  is  purified  by  precipitation 
with  alcohol,  which,  however,  weakens  it  (Kjeldahl).  Yeast  is 
exhaasted  with  alcohol,  then  carefolly  pounded  with  water  and  fine 
sand,  and  the  invertase  precipitated  from  the  filtered  solution  by 
alcohol  (Mayer). 

Gongtitution. — Most  of  the  authorities  (except  Gunning  and 
B^champ)  agree  that  it  is  not  an  albnminolid.  Hartley  concludes 
from  the  absorption  spectra  that  invertase  and  diastase  are  very 
different  from  albumin,  casein,  and  serin.  Two  analyses  have  been 
published,  but  no  proof  of  the  purity  of  the  substances  analysed  \h 
given. 

S  =  0-63 


Barth  .... 

C=43-9 

H  =  &-4 

N  =  6a 

Donath . .  > 

C  =  40'5 

H  =  6-6 

N  =  9-4 

Barth's  preparation  also  contained  22  per  cent,  of  ash,  which  was 
allowed  for  in  the  calculations. 

Properties. — As  precipitated  by  alcohol,  it  ia  when  dry  a  white 
substance,  soluble  in  water  yielding  a  neutral  solution.     It  precipi- 
tates lead,  copper,   and  mercnrous  salts,  but  has  no  action  on  iron 
perchloride  or  potassium  ferrocyanide,  and  it  is  not  rendered  turbid 
on   boiling  with  acetic  acid  (Barth).     It  is  without  action  on  starch, 
dextrin    (Donath),    maltose,    dextrose,    l»vnlose,   inulin,   and   gum 
(Kjeldahl).     It  is  considered  by  Bechamp  to  have  an  optical  activity 
[]«2;  =  +4I°-      ^or  the  action  on  cane-sugar,  the  most  favourable 
temperature  is   50 — 60^  and  the  most  favourable  degree  of  con- 
centration of  the  sugar  solution  2 — ^20  per  cent.  (Kjeldahl,  Miiller). 
Until  40  per  cent,  of  the  sugar  is  inverted,  the  transformation  is 
proportionate  to  the  time  (Kjeldahl)  ;  but  the  products  of  inversion 
are  strongly  opposed  to  the  reaction  (Miiller).     The  amount  of  inver- 
sion  is  not  proportionate  in  any  way  to  the  amount  of  invertase 
present,  and  the  time  reaction  does  not  follow  the  course  of  catalytic 
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actions  (Tamman).  Invertase  is  not  destroyed  by  its  own  action 
(Mayer),  and  it  will  invert  abont  750  times  its  own  weight  of  sugar 
in  48  honrs  ^Barth).  The  action  is  much,  hindered  by  alkalis  and 
mercury  salts,  whilst  acids  in  very  small  quantities  augment  it, 
hinder  it  in  larger,  and  again  augment  it  in  still  larger  quantities ; 
this  last  is,  however,  due  to  the  inverting  action  of  the  acid  itself 
(Kje4dahl>. 

Anthozymaae, — B^champ  (Menu  Acad.  8ci.,  28,  347)  claims  to  have 
isolated  from  the  petals  of  Bobinia  pseudoaoacia  a  ferment  -which  he 
(^Is  anthozymase,  and  which  he  says  not  only  inverts  cane-sugar  bat 
also  saccharifies  starch. 

This  substance  is,  like  invertase,  soluble  in  water  and  insoluble  in 
alcohol.  Its  solutions  are  coagulated  by  heat.  It  has  an  optical 
activity  [«3/ =  —38°  (circa^.  He  was  only  able  to  obtain  it  in 
■extremely  miuute  quantities. 

M.  B^champ  adduces  no  evidence  whatever  Co  show  that  this  is 
not  an  imperfectly  purified  mixture  of  diastase  and  invertase. 

These  are  the  principal  published  facts  with  regard  to  invertase  ; 
Bud  we  have  given  them  in  this  form  to  avoid  aay  necessity  of  again 
referring  to  them  in  the  body  of  the  artiole ;  what  we  add  to  the 
knowledge  will  be  clear  to  anyone  who  wishes  to  study  the  aabject, 
and  we  shall  put  forward  -what  we  consider  oiew  and  important  in 
the  summary  at  the  «nd. 

Mode  of  Procedure. 

We  have  already  stated  that  the  two  great  questions  we  wished  to 
solve  by  this  -work  were,  first,  the  nature  of  the  inverting  power  or 
function  of  invertase;  and,  secondly,  the  chemical  composition  of  the 
active  agent.  The  function  of  invertase  is  to  transform  sucrose 
4iccoi*diDg  to  the  equation — 

C„HaOu  +  H2O  =  C«H,A    +    CeH„Oe. 
•Sucrose.  Dextrose.        LsTulose. 

•Our  first  object  was  io  determine  if  by  the  aid  of  what  we  could 
learn  from  the  above-mentioned  publications,  and  by  any  further  ex- 
|»eriments  that  might  suggest  themselves  to  us,  we  could  find  some 
quantitative  expression  for  this  function.  We  have  so  far  no  other 
factor  which  acts  as  a  criterion  of  the  purity  of  the  substance,  and 
no  means  of  estimating  it.  We  merely  know  that  invertase  is  the 
only  known  substance  which  transforms  cane-sugar,  as  described 
above,  in  the  cold.  We  have  no  characteristic  to  gnide  us  but  this. 
Uence,  when  we  have  found  that  a  certain  product  possessed  this 
^  tion,  we  have  considered  that  invertase  was  present,  whilst,  on  the 
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contrary,  if  it  did  not  invert  cane-sngar  nnder  suitable  conditiona,  we 
always  considered  that  invertase  was  absent.  From  this  it  will  be 
seen  that  we  discarded  the  idea  of  snch  a  substance  as  dead  invertase. 
]f  a  solution  which  was  formerly  known  to  contain  invertase  was 
found,  under  suitable  circumstances,  to  have  no  power  of  inverting 
sucrose,  we  concluded  that  invertase  was  no  longer  present,  and  that 
the  chemical  substance,  invertase,  had  been  in  some  manner  changed 
into  another  compound,  or  compounds. 

It  was  clear  at  starting  that  we  had  to  establish  a  method  of 
estimating  a  function  and  not  a  quantity,  or  rather  we  had  to  find  a 
quantitative  expression  for  a  function. 

For  this  purpose  it  was  necessary  to  make  a  choice  between  two 
theories  for  a  working  hypothesis.  If  Roberts  is  right,  it  is  obviously 
of  no  use  for  our  purpose  to  estimate  the  strength  of  such  a  variable 
quantity  as  the  unspent  vital  force.  If,  on  the  contrary,  the  chemical 
theory  is  correct,  it  is  without  doubt  possible  not  only  to  prove  the 
presence  or  absence  of  invertase,  but  also  its  relative  amount. 

Once  the  laws  which  govern  the  reaction  properly  understood,  it 
would,  by  estimating  the  intensity  of  the  function,  or,  in  other  words, 
the  extent  or  speed  of  the  reaction,  be  easy  to  calculate  relatively  the 
amount  of  invertase  present,  just  as  we  might  estimate  the  amount 
of  free  sulphuric  acid  by  its  action  on  a  boiling  solution  of  sucrose 
under  standard  conditions.  And  invertase  has  one  great  advantage 
over  sulphuric  acid,  in  ihat  ther£  is  no  other  known  substance  that 
acts  in  the  same  manner,  and  therefore  we  are  not  misled  by  the 
presence  of  other  inverting  agents. 

This  necessitated  a  complete  study  of  the  action  of  invertase  on 
sucrose. 

Before  describing  our  experiments,  it  is  as  well  that  we  should 
draw  attention  to  some  of  the  general  laws  relating  to  the  course  of 
chemical  change.  For  this  purpose  we  have  made  the  following 
extracts  from  A.  Vernon  Harcourt*s  paper  "  On  the  Observation  of 
the  Course  of  Chemical  Change  '*  (Joium.  Ohem.  Soc,  20,  460—492). 
They  refer  to  an  experiment  entitled  "  On  the  Beactiou  of  Hydrogen 
Dioxide  and  Hydrogen  Iodide."  In  this  reaction  the  amount  of 
hydrogen  iodide  is  kept  constant  by  means  of  an  excess  of  sodium 
hyposulphito,  whilst  the  hydrogen  dioxide  is  of  course  constantly 
decreasing  in  amount  by  being  converted  into  water. 

The  fallowing  extracts  give  his  chief  results  : — 

*'  This  result  probably  represents  a  general  law  of  chemistry,  which 
may  be  thus  stated:  When  any  substance  is  undergoing  a  chemical 
change,  of  which  no  condition  varies  excepting  the  diminution  of  the 
changing  substance,  the  amount  of  change  occnrring  at  any  moment 
is  directly  proportional  to  the  quantity  of  the  subatance..    «     .     . 
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"  If  the  course  of  the  change  observed  has  been  determined  by  a 
single  gradual  reaction,  and  the  law  of  proportionality  holds  good, 
we  shall  expect  to  find  that  the  amonnt  of  change  at  any  moment  has 
varied  directly  with  the  quantify  of  dioxide  in  the  solution ;  and,  if 
this  be  the  case,  the  quantities  of  dioxide  at  the  end  of  a  series  of 
times  taken  in  arithmetical  progression  will  be  in  geometrical  pro- 
gression, and  the  curve,  as  before,  a  logarithmic  curve.     .     .     . 

'*  The  amonnt  of  chemical  change  occurring  at  any  moment  is  pro- 
portionate to  the  amount  of  dioxide  in  the  solntion. 

**  We  have  made  a  large  number  of  similar  sets  of  experiments  under 
very  various  conditions.  .  .  .  Under  all  these  circumstances  the 
reaction  still  conforms  to  the  same  law.     .     .     . 

'*  The  Skmount  of  chemical  change  occurring  in  the  solutions  at  any 
moment  varies  directly  with  the  amount  of  iodide,  if  all  the  other 
conditions  are  the  same.     .     .     . 

'*  The  amonnt  of  change  varies  directly  (1)  with  the  amonnt  of 
dioxide,  and  (2)  with  the  amount  of  iodide  in  a  unit  volume  of  the 
solution ;  (3)  with  the  time  during  which  the  change  proceeds ; 
(4)  with  the  total  volume  of  the  solntion ;  and,  finally,  with  some 
function  of  each  of  the  other  conditions  under  which  the  change 
occurs.  Of  these  other  conditions  the  quantities  of  hydrogen 
sulphate  .  .  .  and  the  temperature  of  the  solution  have  been 
made  the  subject  of  experiment.     .     .     . 

"  On  comparing  the  rates  at  which  the  change  proceeds  with 
successive  increments  of  acid,  we  find  that  these  rates  are  in  ainthme- 
tical  progression.     .     .     . 

"  The  effect  of  varying  the  one  essential  condition  of  the  change 
still  remaining,  namely,  the  temperature  of  the  solntion  .  .  . 
appears  to  be  of  this  kind.  If  a  be  the  rate  of  change  in  any  mixture 
at  0"  C,  the  rat-e  at  any  other  temperature,  say  at  h  degrees,  is  cJcK 
The  value  of  k  is  about  1"07 ;  whence  it  happens,  conveniently  for 
the  memory,  that  for  every  10**  C.  the  rate  of  change  is  donbled.'* 

The  above  are  Harcourt*6  principal  conclusions.  They  are  supple- 
mented by  Esson  (Phil,  Tran8,,  1867,  pp.  123  et  8eq.),  who  shows 
that  the  equation  applicable  to  a  reaction  proceeding  according  to  the 
above  laws  is — 

when  y  and  y'  are  the  amounts  of  changing  substance  present  in  the 
solntion  at  the  beginning  and  end  of  an  interval  t'  —  t;  a,  the  fraction 
disappearing  in  a  unit  of  time;  and  e  the  base  of  the  Napierian 
logarithms.  This  equation  may  be  written  in  the  form  more  con- 
venient for  calculation — 

I^g  log  i,  —  log  (t'  —  0  =  log  a  -f  log  log  e. 

y 
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Each  Beparate  observation  supplies  a  valae  for  log  a  +  log  log  e, 
and  these  values  should  be  identical. 

In  giving  a  quantitative  expression  to  the  function  of  inver- 
tase,  we  have  not  found  it  necessary  to  use  this  equation.  Having 
ODce  mapped  out  a  theoretical  curve  on  square  paper,  sufficient 
accuracy  for  our  purpose  was  obtained  by  the  quicker  process  of 
referring  all  future  observations  to  it  in  the  manner  described  under 
the  heading  "  Estimation  of  the  Strength  of  Invertase." 

It  may  be  convenient  here  to  describe  the  methods  and  apparatus 
we  employed.  In  performing  experiments  connected  with  the  action 
of  invertase  on  cane-sugar,  the  latter  was  first  dissolved  in  boiling 
water  and  the  solution  allowed  to  cool.  If  the  presence  of  sulphuric 
acid  was  required,  the  requibite  amount  was  now  added  in  the  form 
of  a  decinormal  solution  (I  c.c.  =  0008  gram  SOs),  and  the  solu- 
tion was  made  up  to  the  required  bulk  at  15'5®,  space  being  left  for 
the  invertase-containing  preparation.  It  was  then  placed  in  a  water- 
bath  automatically  kept  at  the  required  temperature,  and  the  vessel 
was  covered  over  to  prevent  evaporation.  The  preparation  under  ex- 
amination was  now  weighed  or  measured  into  a  small  beaker,  and  as  soon 
as  the  temperature  of  the  sugar  solution  was  constant  some  of  it  was 
poured  into  the  solution  of  invertase,  and  the  whole  poured  back  into 
the  sugar  solution.  The  small  beaker  was  then  rinsed  with  the  solu- 
tion and  the  time  noted.  The  mixture  was  now  left  for  inversion  to 
proceed,  and  if  at  any  time  it  was  desirable  to  ascertain  the  progress 
of  the  reaction,  it  was  accurately  done  as  follows: — Into  a  small 
beaker  was  put  half  a  drop  of  a  very  concentrated  solution  of  potas- 
sium or  sodium  hydroxide.  At  a  carefully  noted  time  some  of  the 
solution  was  poured  into  this  and  well  mixed  with  it.  By  this  means 
the  reaction  was  entirely  stopped,  and  the  sample  could  be  examined 
at  leisure ;  but  we  found  it  necessary,  for  reasons  we  shall  presently 
give,  to  allow  it  to  stand  a  quarter  of  an  hour  before  doing  so.* 

When  we  desired  to  stop  an  inversion,  it  was  done  by  adding 
sufficient  alkali  to  give  a  reaction  with  litmus. 

In  order  to  ascertain  the  progress  of  inversion  in  the  stopped 
solutions,  they  were  examined  at  a  temperature  of  I5'5°,  by  means 
of  a  Soleil-Yentzke-Scheibler  polarimeter,  and  the  result  was  recorded 
in  the  form : — 100  mm.  of  the  solution  yields  so  many  divisions,  + 
or  — ,  of  the  polarimeter  scale.  In  order  to  save  calculations,  we 
always  worked  with  these  divisions,  but  they  may  be  converted  into 
degrees  of  [«}/  by  multiplying  by  0*384.  It  was  generally  necessary 
to  calculate  from  the  number  of  divisions  observed  the  actual  per- 

*  We  maj  note  here  that  we  have  only  lately  been  acquainted  with  the  necessity 
for  this  delay,  and  no  doubt  many  of  the  minor  irregularities  in  our  results  may  be 
accounted  for  by  not  having  regard  to  it. 
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centage  of  cane-sugar  that  had  undergone  inversion,  and  as  the 
strength  of  the  sucrose  solution  used  was  nearly  always  at  the  rate 
of  20  grams  sacrose  per  100  c.c.  of  solution,  we  used  the  following 
formula : — 

(38-4  -  d)  -^  0-518  =  f. 

d  =  divisions  of  polarimeter  scale  given  hj  100  mm.  of  the  solution. 

p  =  per  cent,  of  cane-sugar  inverted, 

38*4  is  the  nnmher  of  divisions  corresponding  to  the  original 
sacrose  solution,  and  51*8  is  the  total  number  of  divisions  that  the 
]>olari meter  reading  would  fall  through  if  the  sugar  were  all 
inverted. 

These  figures  are  equal  to  an  optical  activity  for  cane-sugar  [«]^'  = 
+  73*8%  for  dextrose  \jx\j  =  +57^  and  for  levulose  [»]^-  =  —  106*. 

In  dealing  with  solid  invertase  preparations  we  have,  for  the 
purpose  of  drying  them  perfectly,  always  used  a  water-bath,  so  con- 
structed as  to  admit  a  constant  stream  of  well-dried  air  at  a  tempera- 
ture of  100°  to  circulate  over  the  powdered  substance,  thus  causing 
rapid  and  perfect  elimination  of  water  even  in  very  hygroscopic 
])reparations. 

The  estimations  of  nitrogen  were  all  done  by  combustion  with 
copper  oxide,  and  the  carbon  and  hydrogen  determinations  by  com- 
bustion in  oxygen.  The  estimation  of  the  optical  activity  of  the 
purified  substances  was,  whenever  possible,  performed  by  drying  the 
powder  in  the  warer-bath  until  constant,  then  dissolving  in  a  weighed 
quantity  of  water,  and  taking,  first,  the  specific  gravity,  and  then  the 
optical  activity  of  the  solution.  The  divisor,  D,  was  calculated  from 
this  by  the  formula — 

G  -  1000 


VV 


=  D. 


G  =  the  specific  gravity  of  the  solution,  taking  water  at  1000. 
W  =  grams  of  the  substance  per  100  c.c.  of  the  solution. 

We  shall  now  proceed  to  describe  in  detail  the  results  we  have 
obtained  in  examining  the  action  of  invertase  on  cane-sugar,  and  to 
compare  them  carefully  with  what  we  should  expect  if  tlie  reaction 
followed  the  laws  we  have  quoted.  We  shall  at  the  same  time  state 
any  other  facts  of  interest  which  we  have  come  across,  in  the  hope 
that  we  may  be  able  to  throw  some  light  on  the  chemistry  of  the 
action. 
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Paet  II. — The  Action  of  Ikvebtase  on  Cane-Sugar. 

Rapidity  of  the  Reaction. 

It  is  well  known  that  the  action  of  invertase  is  much  more  rapid  at 
the  heginning  of  the  reaction  than  at  the  end ;  but  the  exact  carve 
which  tbe  reaction  follows  has  not  hitherto  been  mapped  oat.  We 
find  that  whatever  the  conditions  under  which  an  inversion  takes 
plttce,  as  long  as  these  conditions  remain  unaltered  the  reaction  pro- 
ceeds on  a  definite  and  regular  curve,  and,  the  speed  of  the  reaction 
being  once  established  bj  means  of  two  separate  observations,  we  can 
predict  the  course  of  the  whole  of  the  rest  of  the  reaction.  An 
alteration  of  the  conditions  ander  which  the  reaction  takes  place 
simplj  alters  its  speed,  but,  if  allowance  is  made  for  this  altered 
pace,  the  reaction  follows  the  original  carve. 

In  Plate  I  (p.  844)  are  shown  the  results  of  three  carefully  con- 
ducted   experiments,   undertaken    to    establish   this    curve.        The 
vertical  lines  indicate  time- units  (that  is  to  saj,  equal  time  intervals), 
whilst  the  horizontal  ones  show  the  percentage  of  the  total  saorose 
that  has   been  inverted.     The  three  experiments  were  made  at  dif- 
ferent temperatures  and  with  different  proportions  of  the  same  pre- 
j)aration  of  invertase.     We  have  also  made  other  experiments  with 
very  different  degrees  of  concentration  of    the   sugar   solution  and 
varying  conditions   of  acidity,  &c.,   but  we  have  always  found  the 
inversion    to    follow   a   curve    similar    to   the   ones    here    plotted; 
we  only   publish   these   three   as   being  those   most  carefully   per- 
formed.    The  plain  line  in  the  plate  shows  the  coarse   a  reaction 
would  take  if  it  followed  the  law  laid  down  by  Harcourt  for  a  reac- 
tion in  which  the  only  varying   condition  is  the  diminution  of  the 
changing  substance. 

In    plotting   the   theoretical    curve,    we   have   taken    it    that   10 

per  cent,  of  the  total  of  the  changing  substance  was  changed  in  the 

first  of  the  time-units  (or  **  T  ").      Then,  according  to  the  above  law, 

10  per  cent,  of  the  remainder  of  the  changing  substance  would  be 

changed  in  the  second  time- unit  (or  T).     As  the  changing  substance 

would  be  only  90  per  ceut.  of  the  whole  original  amount,  this  means 

that  in  the  second  T  9  per  cent,  would  be  changed.     In  the  third  T 

there  would  be  only  81  per  cent,  to  act  upon,  so  that  only  8*1  per 

cent,   would    be   changed  during  this    time-unit,  leaving  only    72*9 

per   cent,  of  changing  substance  for  the  reagent  to  act  upon  in  the 

fourth  T.     By  this  mode  of  calculation,  a  theoretical  completion  of  the 

t*eaction  is  never  reached:    at  the  conclusion  of  44  time-units  w^e 

atill  find  1  per  cent,  of  the  original  changing  substance  left. 

The  following  are  the  details  of  the  three  experiments  on  the  inver- 


Digitized  by  VjOOQIC 


844 


O'SULLIVAN  AND  TOMPSON :  IXVERTASE. 


sion  of  cane-sngar  above  alluded  to ;  the  resnlts  are  plotted,  side  by 
side,  with  the  theoretical  curve  on  the  Plate. 

Experiment  A. — Temperature  IS'S**.  100  grams  of  cane-sugar, 
4  c.c.  decinormal  sulphuric  acid,  and  2  grams  of  the  solution  of 
invertase  preparation  were  mixed  and  made  up  to  500  c.c.  In  order  to 
compare  the  course  of  the  action  with  the  theoretical  curve  plotted 
as  above  described,  it  was  necessary  to  make  the  two  curves  corre- 
spond at  two  ]K)ints  of  their  course.  For  these  we  have  chosen  the 
starting  point  and  the  point  of  no  optical  activity.  The  theoretical 
line  crosses  the  point  of  no  optical  activity  at  12*7  time-units.  In 
the  experiment  the  inversion  took  180  minutes  to  reach  that  point. 
180 


\Z7 


=  14*  17  =  the  value  in  minutes  of  1  T. 


In  Plate  I  the  points  of  observation  are  surronnded  by  small 
circles,  marked  '*  A,"  and  they  are  connected  by  a  line  of  dashes. 

In  Table  I,  the  details  of  the  experiment  are  given.  The  third 
column  gives  the  number  of  time-unite  which  have  elapsed  since  the 
start.     It  is  obtained  by  dividing  the  observed  minutes  by  14*17. 

The  percentage  of  sucrose  inverted  is  calculated  by  the  formula 
already  given. 

Table  I. — Bapidity  of  Inversion  at  15-6*. 


Time. 

MinutM  from  start. 

T. 

Reading  in 
2a)  mm.  tube. 

P.  c.  inTwrted. 

•8.36  JL.U. 

start 

0 

^_ 

0 

8.41    „ 

5 

0-35 

+  73-6 

8  1 

8.61     „ 

15 

106 

+  66-6 

9-8 

•9.6      „ 

80 

2-12 

+  56-9 

19*2 

•9.33    „ 

57 

4  01 

+  42-0 

38-6 

10.6      „ 

90 

6-36 

+  27-4 

45-8 

•10.36    „ 

120 

8-47 

+  16-8 

68-5 

11.6      „ 

150 

10-59 

+  70 

67*4 

11.38    „ 

182 

12-84 

-  0-4 

74-5 

•12.6    P.M. 

210 

14-83 

-  5-9 

79-8 

12.36    „ 

240 

16-95 

-10-7 

84-4 

1.6      „ 

270 

19-05 

-13-7 

87-3 

•2.57    „ 

381 

26-89 

-20-1 

93-6 

8.46    „ 

430 

30-83 

-21-7 

95  1 

5.4      „ 

508 

35-85 

-23  0 

96-3 

•9.6    A.M. 

1470 

108-7 

-26  0 

99-2 

48  hours 

^~" 

"^ 

-26-9 

100  0 

Uxperinient  B, — Temperature  SS'S**.  1  c.c.  of  decinormal  sulph- 
uric  acid,  and  1  gram  of  the  invertase  solution.  The  other  oonditioDS 
are  the  same  as  in  Experiment  A.    The  value  of  T  waa  found  to  be 
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PLATE  I.  THE  TIME  CURVE  OF  THE  ACTION   OF  INClRTAS 
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43  minntes.   In  the  Plate  the  points  of  observation  are  marked  **  B," 
id  are  connected  bj  a  line  of  dots. 

Table  II, — Bapidity  of  Inversion  at  35"  5*. 


Time. 

Minutes  from  start. 

T. 

Beading  in 
200  mm.  tube. 

P.  c.  inverted. 

•9.81  A.1C. 

start 

0 

_ 

Q 

9.35    „ 

4 

0-47 

+  71-7 

4-9 

•9.50    „ 

19 

2-25 

+  56-9 

19  2 

•10.10    „ 

.       89 

4-63 

+  40-2 

35  3 

10.80    „ 

59 

7-00 

+  25-5 

49-5 

•10.50     „ 

79 

9-16 

+  12-8 

61  8 

ILIO     „ 

99 

11-74 

+   3-3 

71  0 

•11.43     „ 

132 

15-66 

-  80 

81-9 

12.15  P.M. 

164 

19-45 

-161 

88-7 

•1.2       „ 

211 

25-03 

-20-4 

93-8 

3.50     ,. 

379 

44-96 

-24-6 

97-8 

•5.31     „ 

480 

56-94 

-26-2 

99-4 

24  hours 

~- 

— 

-26-9 

100-0 

Experiment  G. — Temperature  54°.  0*25  c.c.  decinormal  snlph- 
inric  acid,  and  0*25  gram  invertase  solution.  The  other  conditions 
are  the  same  as  in  Experiments  A  and  B.  The  value  of  T  was  found 
(;o  be  16  minutes.  In  the  Plate,  the  points  of  observation  are  marked 
*'  C,*'  and  are  connected  bj  a  line  of  alternate  dots  and  dashes. 

Table  III. — Bapidity  of  Inversion  at  54^. 


Time. 

Minutes  from  start. 

T. 

Beading  in 
200  mm.  tube. 

P.  c.  inverted. 

•94    A.M. 

start 

0 

_ 

0 

9.9      „ 

5 

0-31 

+  73-6 

3  1 

•9.21     „ 

17 

106 

+  67-7 

8-8 

•939    „ 

35 

2  19 

+  57-8 

18-3 

9.59    „ 

55 

3-44 

+  481 

27-7 

•10.22     „ 

78 

4-88 

+  38-2 

37-8 

10.52     „ 

108 

6  75 

+  26  0 

49-0 

•11.23     „ 

139 

8-69 

+  15  6 

69-2 

11.54     „ 

170 

10-63 

+  7-7 

•       66-7 

12.28  P.H. 

204 

12-75 

-  0-2 

74-3 

•12.59     „ 

235 

14  69 

-  6-7 

79  6 

•3.3       „ 

859 

22-44 

-17-8 

90  8 

5.1       „ 

477 

29-81 

-23  1 

96-4 

•9.4    A.l£. 

1440 

90  0 

-24-0 

97-3 

48  hours 

"~~ 

— 

-26-8 

100  0 

Prom  the  Plate  it  will  be  seen  that  the  curves  founded  on  these 
three  experiments  follow  the  Hne  of  the  above-quoted  law  with  great 
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closeness.  Considering  the  natnre  of  the  experiments,  the  deviations 
are  far  within  the  limits  of  errors  of  manipulation.  It  mnst  be  re- 
membered that  the  sb'ghtest  alteration  in  the  temperature  causes 
considerable  variation  in  the  speed  of  the  reaction.  There  are  also 
other  sources  of  error  connected  with  the  taking  and  the  killing  of 
the  samples,  and,  towards  the  end  of  the  reactions,  errors  due  to  the 
want  of  absolute  accuracy  in  the  sugar  solution  and  to  the  optical 
activity  of  the  inverting  preparation  are  sufficient  to  account  for  very 
considerable  discrepancies.  We  maintain,  therefore,  that  taking  the 
individual  experiments  the  deviations  are  considerably  less  than  thoso 
which  might  reasonably  be  expected,  and  the  evidence  is  so  far  con- 
clusive that  the  reaction  follows  the  law  we  have  enunciated.  But  if  we 
look  more  closely  at  the  diagram,  we  see  that  the  deviations  from  the 
theoretical  line,  though  small  in  themselves,  are  constant  in  the  three 
experiments;  in  fact  they  correspond  in  a  very  striking  manner. 
This  might  possibly  be  accidental  for  three  experiments  only,  bat  we 
find  that  the  curves  of  many  other  reactions  that  we  have  followed 
deviate  from  the  theory  in  a  similar  manner. 

A  careful  analysis  of  Tables  I,  II,  and  III  will  give  the  difEereni 
rates  of  the  reaction  at  different  points  of  its  progress.  We  have 
taken  the  observations  marked  with  an  asterisk  in  these  tables,  and 
have  calculated  the  speed  of  the  reaction  between  every  two  of  them. 
Then,  taking  it  for  granted  that  the  rest  of  the  reaction  proceeds  on 
the  theoretical  curve,  we  have,  from  this  rate  of  progress,  calculated 
the  time  required  to  reach  the  point  of  no  optical  activity.  For  pur- 
poses of  comparison  between  the  three  experiments,  we  have  assumed 
the  average  speed  of  each  reaction  to  this  point  to  be  100  minutes, 
and  we  have  thus  obtained  a  series  of  numbers  which  are  strictly  com- 
parable among  themselves.  If  the  reactions  followed  the  theory 
exactly,  the  figures  would  aW  be  100  0 ;  and,  as  the  figures  represent 
minutes,  the  higher  the  figure,  the  slower  the  reaction — in  simple 
proportion. 

Tabli  IV. — Rapidity  of  the  Reaction  ai  Different  Points  compared  tcith 
the  Theoretical  Rea>ction, 


Per  cent,  inverted. 

A  Expt. 

B  Expt. 

CExpt. 

Average. 

minutes. 

minutes. 

minutes. 

minutes. 

0—20 

105-9 

112-7 

112-2 

110-3 

20—36 

102  1 

110-3 

107 '6 

106-6 

85-60 

96-7 

94-9 

93 -0 

94-9 

60—80 

96-2 

88-6 

92  3 

92-4 

80—98 

83-2 

103  0 

105-6 

97-3 

93-99 

276-5 

104  1 

496-8 

292  1 
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These  figures  all  show  a  oontinuous  increase  in  activity  np  to  a 
certain  point,  about  80  per  cent,  of  inversion,  and  after  that  a  large 
and  increasing  decrease.  The  figures  themselves  are  of  course  not 
very  accurate ;  the  intervals  between  the  observations  are  too  small  to 
permit  this,  and  in  the  case  of  those  in  the  last  line,  93 — 99  per  cent, 
inverted,  the  difference  between  the  optical  activities  is  too  small,  and 
the  accidental  errors  are  too  great  to  admit  of  high  accuracy ;  still 
the  numbers  agree  wonderfully  among  themselves,  and,  as  we  have 
said  before,  we  have  done  many  other  inversions,  and  all  of  them 
point  to  similar  results. 

In  conclusion,  we  repeat  that  the  reaction  may  be  considered  to  follow 
a  curve  similar  to  that  obtained  from  a  reaction  following  Harcoart  s 
law,  but  that,  owing  to  some  slight  modifying  circumstance,  which 
we  cannot  explain,  the  reaction,  compared  with  the  theoretical  cnrve, 
keeps  increasing  in  rapidity  until  about  80  per  cent,  of  inversion  is. 
reached,  when  it  begins  to  get  slower  in  comparison  with  the  curve, 
and  ultimately,  just  before  the  completion  of  the  reactiou,  it  gets  very 
much  slower  than  it  should  do  if  it  adhered  to  the  law. 

Influence  of  the  Proportion  of  Invertase  Present. 

We  experienced  great  difficulty  in  discovering  any  relationship 
"Between  the  proportion  of  invertase  preparation  employed  and  the  work 
done  by  it.  For  a  long  time  we  got  the  most  incoherent  results.  At  last, 
after  hundreds  of  experiments,  we  found  that  it  is  absolutely  neces- 
sary, in  order  to  get  comparable  results,  that  the  acidity  of  the  solu- 
tion shoxdd  be  such  that  it  is  in  the  most  favourable  cofidition  for  the 
action  of  invertase.  This  degree  of  acidity  varies  with  every  varia- 
tion of  the  conditions  under  which  the  reaction  takes  place,  and  details 
of  our  experiments  on  this  point  will  be  found  under  heading,  *'  In- 
fluence of  Foreign  Substancas."  Now,  granted  that  the  acidity  is  in 
the  most  favourable  proportion,  we  find  a  very  simple  rule  holds  good, 
namely : — The  time  necessary  to  reach  any  given  percentage  of  in- 
version is  in  inverse  proportion  to  the  amount  of  the  inverting  pre- 
paration present,  and,  therefore,  to  the  amount  of  the  invertase ;  that 
is  to  say,  the  time  is  in  inverse  proportion  to  the  inverting  agent. 

In  Table  V  we  give  details  of  two  series  of  experiments  made  with 
the  object  of  establishing  this  law.  10  grams  of  sugar  were  dissolved 
in  50  c.c.  of  water  for  each  experiment.  The  most  favourable  degree 
of  acidity  was  in  each  case  determined  beforehand ;  but  as  this  most 
important  factor  varies  a  little  with  every  difierent  sugar  solution,  it 
is  probable  it  was  a  source  of  error. 
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Table  V. — Rapidity  of  Inversion  with  Varying  Proportione  of  Invertase 

Preparation, 


Exp. 

Temp. 

Invertase 
prepara- 
tion. 
Grams. 

SO,, 
parts  per 
100,000. 

Times  of 

Beading 

in  200 

mm. 

tube. 

Minutes  to 

point  of  no 

optical  actiyity. 

Start. 

Stopping. 

A. 

B. 

1 
2 
8 
4 
5 

15-5 
15-5 
15-5 
56-5 
66-6 

016 
0-46 
1-50 
0  0345 
0  0722 

7-5 

12-6 

20  0 

1-0 

1-5 

11.40 
8.0 
11.56 
11.0 
11.22 

4.41 

4.40 

12.26 

12.43 

12.15 

-  2-0 

-  1-8 
+   1-0 
+  16  5 
+  13*6 

283  0 
94-8 
30-7 

157  6 

74-8 

424-5 

426-6 

460-5 

54-4 

54D 

In  the  column  marked  "A"  we  give  the  time  necessary  for  the 
i-eactions  to  reach  the  point  of  no  optical  activitj,  and  in  colonm 
"B  *'  the  time  that  wonld  have  been  necessary  to  reach  this  point  if 
0*1  gram  of  the  invertase  preparation  had  been  employed — assuming 
that  the  time  is  in  inverse  proportion  to  the  inverting  agent. 

The  method  of  calculation  is  as  follows  : — 

From  the  polarimeter  reading  we  calculate  by  the  formula  already 
given  the  percentage  of  sucrose  that  was  inverted.  This  factor  we 
refer  to  the  theoretical  time  curve  in  the  Plate,  and  note  the  number 
of  time-units  (T)  to  which  it  coiresponds.  Now,  when  a  solation  of 
sucrose  has  no  optical  activity,  it  is  shown  by  the  formula  to  be  in- 
verfed  to  the  extent  of  74*1  per  cent.,  and  this  number  will  be  seen  to 
correspond  on  our  theoretical  time  curve  to  12'7  T.  We  can  now 
easily  calculate  the  time  when  the  reaction  would  arrive  at  12*7  T  by 
simple  proportion  ;  and  this  number  we  give  in  column  A. 

As  an  example  of  the  method  of  calculation  we  will  take  Experi- 
ment 1.  The  percentage  of  inversion  calculated  by  the  formula  « 
76*1 ;  and  if  we  refer  this  to  the  Plate,  we  shall  see  that  it  corresponds 
to  13*5  T.     The  number  of  minutes  required  to  reach  this  was  301. 

13-5  :  12-7  ::  301  :  283. 

This  last  is  the  number  of  minutes  the  reaction  took  to  ariive  at  the 
point  of  no  optical  activity. 

In  order  to  find  out  how  long  the  reaction  would  have  taken  to 
reach  this  point  if  only  01  gram  of  the  invertase  preparation  had 
been  used,  we  have,  if  our  law  is  correct,  only  to  multiply  the  nam- 
ber  already  obtained  by  the  grams  of  invertase  preparation  employed 
and  then  divide  by  01.  We  thus  get  the  number  4245,  which  we  give 
in  column  B. 


Digitized  by  VjOOQIC 


f 


O'SULLIVAN  AJrt)  TOMPSON :  INVERTASE. 


849 


As  the  same  inverfcase  preparation  and  the  same  temperatare  were 
employed  throughout  each  series,  we  should  find,  if  our  law  is  correct, 
that  in  each  series  the  figures  given  in  colamn  B  are  identical.  This 
is  substantially  the  case  with  the  exception  of  Exp.  3,  which  differs 
from  Exps.  1  and  2  to  the  extent  of  about  7*5  per  cent.  In  experi- 
ments of  this  kind  this  may  be  considered  to  be  almost  within  the 
errors  of  manipulation ;  but  in  this  case  we  believe  it  to  be  due  to  an 
insofficient  amount  of  acidity. 

Further  confirmation  of  this  law  will  be  found  in  Tables  X — ^XV, 
the  results  of  which  are  plotted  out  in  Plates  III  and  IV  (pp.  856,  858). 
In  these  diagrams  it  will  be  seen  that  at  the  most  favourable  degree  of 
acidity  the  carves  attain  approximately  the  same  height.  In  each  case 
the  curve  produced  from  the  smallest  amount  of  invertase  comes 
between  the  other  two,  and  in  one  case  the  greatest  amount  of  invertase 
is  at  the  top,  and  in  the  other  case  at  the  bottom.  Under  these  circum- 
stances we  can  only  suppose  that  these  are  errors  of  manipulation,  and 
conclude  that  we  have  proved  the  law : — The  time  necessary  to  reach 
any  given  percentage  of  inversion  in  a  solution  containing  the  amount 
of  acid  most  favourable  for  the  action  of  invertase  is  in  inverse  pro- 
portion to  the  amount  of  invertase  present. 

This  result  is  in  exact  accord  with  the  results  of  Harcourt's  in- 
vestigations on  the  Laws  Regulating  Chemical  Change. 

Influence  of  the  Concentration  of  the  Solution, 

The  following  table  shows  some  results  obtained  by  varying  the 
amount  of  water  present,  all  other  conditions  remaining  the  same. 

The  temperature  was  54°,  and  the  raw  material  (yeast)  was  used 
as  the  inverting  agent. 

Tablx  VI. — Rapidity  of  the  Reaction  with  Varying  Gon^centration  of  the 

Solution. 


Cane- 
sugar. 

Yeast. 

Grams  per 

100  C.C. 

Times  of 

Beading 

in  100 

mm. 

tube. 

Minutes  to  point 

of  no  optical 

activity. 

GramH  per 
100  c.c. 

Start. 

Stopping. 

15 

20 
25 
30 
40 
50 

016 
0-20 
0-25 
0-30 
0-80 
100 

10.37 
10.38 
10.39 
10.40 
10.56 
10.56 

12.27 
12.28 
12.29 
12.30 
12.53 
12.53 

+  12-5 
+  110 
+  14  0 
+  18-8 
+   6-4 
+  23-8 

274 

194 

200 

215 

278* 

886« 

*  In  these  numbers  the  increased  proportion  of  yeast  to  sugar  has  been  allowed 
for. 

YOIi.  LVII.  3  L 


Digitized  by  VjOOQIC 


850  O'SULLIVAN  AND   TOMPSON :  INVERTASE. 

In  calcnlating  these  results,  we  have  proceeded  generallj  in  the 
same  manner  as  in  Table  Y.  In  the  first  four  experiments  the  pro- 
portion of  yeast  was  1  per  cent,  on  the  weight  of  sacrose,  so  the 
results  were  directly  comparable ;  but  in  the  last  two  experiments  the 
yeast  was  raised  to  2  per  cent,  on  the  sugar,  so,  in  obedience  to  the 
law  proved  under  the  last  heading,  it  was  necessary  to  divide  the 
minutes  by  2  before  comparing  with  the  former  numbers. 

From  these  results  it  will  be  seen  that  about  20  grams  of  cane- 
sugar  per  100  c.c,  or  probably  a  little  more,  is  the  most  favourable 
degree  of  concentration  for  inversion.  More  dilute  solutions  are 
very  unfavourable  to  the  reaction,  whereas  concentration  greater  than 
20  grams  is  only  slightly  detrimental  until  40  grams  to  the  100  cc. 
is  reached. 

These  remarks,  of  course,  only  apply  to  a  temperature  of  64°. 

Harcourt  g^ves  no  separate  rule  for  the  effect  of  varying  the  amount 
of  the  solvent,  but  it  is  no  doubt  included  in  the  statement  that  the 
amount  of  change  varies  directly  *'  with  some  function  of  each  of  the 
other  conditions  under  which  the  change  occurs." 

It  is  evident  from  the  results  we  have  given  that  this  is  not  the 
case  with  this  reaction ;  and  we  believe  the  reason  to  be  that  the  con- 
ditions under  which  the  experiments  were  conducted  were  not  in  this 
respect  comparable.  Harcourt's  experiments  were  conducted  with 
comparatively  dilute  inorganic  solutions,  ours  with  very  strong  and, 
to  some  extent,  viscous  solutions. 

In  his  experiments  the  increase  of  viscosity  obtained  by  decreasing 
the  amount  of  the  solvent  would  be  trifling,  and  would  not,  practi- 
cally, affect  his  results.  In  our  experiments,  on  the  contrary,  every 
decrease  in  the  amount  of  the  solvent  affects  very  seriously  the 
fluidity  of  the  solution,  and  hence,  no  doubt,  impedes  chemical  action. 
If  the  concentration  is  low,  the  increase  in  viscosity  is  trifling,  and 
not  nearly  sufficient  to  counteract  the  stimulative  effect  of  the  in* 
crease  of  concentration.  The  effect  of  the  viscosity  increases  rapidlj 
as  the  concentration  increases,  and  at  about  20  per  cent,  the  two  are 
balanced.  Beyond  that  point  the  effect  of  the  viscosity  becomes 
greater  and  greater  until  in  the  case  of  a  saturated  solution  of  cane- 
sugar  the  viscosity  is  so  great  that  invertase  only  acts  with  extreme 
slowness.  We  think  in  this  manner  our  results  are  satisfactorily 
accounted  for  without  coming  into  conflict  with  Haroourt's  ob- 
servations. 

Influence  of  Temperature. 

We  made  some  experiments  with  a  view  to  determining  the  com- 
parative rate  of  inversion  at  different  temperatures.  In  Table  VII 
we  give  the  results  obtained  from  the  solutions  which  contained 
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>pT'o:x:iixiaiel7  tlie  most  favoDrable  amount  of  acid.  Some  experi- 
ents  ^were  done  at  60^  bnt  the  inflaence  of  the  minutest  traces 
:  acid,  -was  so  excessive  that  we  did  not  pursue  these  experiments. 
be  nnxnber  given  for  60°  must  therefore  be  taken  as  very  doubtful ; 
lis     w^ill    be   seen  from  the  full  results  given   under    the  heading 

InfLaences  of  Foreign  Substances."  It  is  there  shown  that  though 
he  experiments  were  conducted  at  intervals  of  one-half  part  of  acid 
»er  million  of  solution,  this  degree  of  accuracy  was  not  nearly 
^xifficiently  great. 

At  eacb.  temperature  we  made  three  or  more  experiments  with  slightly 
iifferent  amounts  of  acidity.  Several  complete  series  are  given  in 
Tables  IX  and  XVI.  In  Table  VII  we  have,  however,  only  given  the 
one  vebieb  yielded  the  most  favourable  results.  Each  experiment  was 
performed  with  10  grams  sucrose  dissolved  to  50  c.c.     The  same 

sugar    solution    and    the    same    invertase    preparation    were    used 

tbrougbont. 


Table  VII. — The  Influence  of  Temperature  on  the  Rapidity  of 

Inversion. 


Minutes  to 

Tem- 

InTertase 

SO, 

Times  of 

Reading 
in  200 

niTn. 

point  of  no 
optical  activity 

Noe. 

pera- 

prep&rft- 
tion. 

part*  per 

calculated  for 

ture. 

Grame. 

100,000. 

tube. 

0*1  gram 

invertase 

Start. 

Stopping. 

preparation. 

1 

0  0 

0-6 

16  0 

10.56 

2.33 

+  8-8 

1440  0 

2 

15-5 

0  18 

40 

11.16 

2.29 

+  5  0 

398-0 

3 

29-6 

0  05 

10 

11.45 

5.4 

-10 

165-5 

4 

46  0 

0051 

0-6 

10.37 

12.39 

+  6-3 

73-8 

5 

66  0 

0033 

0-6 

10.27 

1.34 

-6  0 

53-8 

6 

60  0 

0  0342 

0-5 

11.88 

3.22 

+  1-8 

80-4 

The  calculations  were  the  same  as  in  previous  cases ;  the  variants, 
other  than  temperature,  which  were  necessitated  by  the  requirements 
of  the  experiments,  being  allowed  for  in  accordance  with  the  facts 
already  described.  Hence  the  numbers  given  in  the  last  column 
represent  proportionately  the  activity  of  the  inverting  preparation  at 
the  various  temperatures. 

In  order  to  compare  these  results  with  Harcourt's  law,  we  refer  to 
Plate  II  (p.  852),  in  which  the  horizontal  lines  represent  temperature, 
and  the  vertical  ones  time.  The  places  where  the  observations  fall  are 
marked  with  small  circles,  and  they  are  joined  by  a  dotted  line. 

We  have  denoted  by  a  continuous  line  the  course  the  reaction 
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slionld  take  if  it  followed  Harcourt's  law,  that  for  every  10°  increase 
of  temperature  the  rate  of  chaiige  is  doubled. 

A  comparison  of  these  two  curves  shows  us  that  they  do  not  abso- 
lutely agree.  At  lower  temperatures,  the  differences  are  in  fact, 
comparatively,  so  small  for  experiments  of  this  sort  that  we  think 
ourselves  justified  in  saying  that  the  reaction  is,  in  this  respect,  in 
accord  with  Harcoorfc^s  law.  At  higher  temperatures  there  is,  how- 
ever, a  decided  falling  off  from  the  rate  indicated  by  the  curve. 
According  to  this  law  invertase  should  be  16  times  as  strong  at 
55*6°  as  at  15"5**,  whereas  we  found  it  to  be  only  7*5  times  as  active. 
We  should  like,  however,  to  point  out  that  we  have  not  seen  any 
record  of  experiments  made  at  a  temperature  so  high  that  it  ap- 
proaches the  point  where  the  reaction  would  cease.  Possibly,  under 
these  circumstances,  the  results  obtained  would  be  in  accord  with 
those  here  noted. 

We  have  made  some  experiments  showing  that  invertase  in  solu- 
tion, heated  to  a  temperature  of  60**  in  the  presence  of  an  exees.s 
of  cane-sugar,  is  not  permanently  affected.  Some  results  which 
clearly  show  this  will  be  given  when  we  come  to  Table  XXXI.  This 
is  an  important  point,  as  it  shows  that  the  effect  that  temperatures 
under  60^  have  on  a  solution  undergoing  inversion  is  limited  to  the 
time  the  temperature  lasts.  To  make  this  more  clear,  we  will  sup- 
pose that  a  certain  inversion  is  proceeding  at  a  rate  which  would  be 
expressed  by  the  formula  ±  0  =  100',  the  temperature  being  15"5°. 
If  the  temperature  is  now  raised  to  60°,  the  rate  of  inversion  would 
be  greatly  increased,  and  for  the  time  it  remains  at  60°  the  rapidity 
might  perhaps  be  expressed  by  +  0  =  15'.  If  now  the  temperature 
is  again  lowered  to  15*5°,  the  inversion  will  again  proceed  at  that 
temperature  at  its  former  rate,  ±  0  =  100*. 

Influence  of  Foreign  Suhstanc&t. 

The  Action  of  Alkalis. — The  caustic  alkalis,  even  in  very  small 
proportions,  are  instantly  and  irretrievably  fatal  to  the  reaction,  and 
the  hydrates  of  the  alkaline  earths  are  extremely  detrimental  to  it. 
It  is  a  remarkable  fact  that  if  an  inversion  is  stopped  with  a  little 
alkali  only — suflBcient  to  render  good  test-paper  distinctly  blue,  and 
the  solution  at  once  observed  through  a  polarimeter,  it  will  be  seen 
that  the  angle  continues  to  decrease  for  some  considerable  further 
time.  This  looks  as  if  the  amount  of  alkali  was  not  sufficient  to  kill 
the  invertase  instantly,  but  required  time  to  do  it.  That  this  is  not 
so  is  proved  by  the  fact  that  if  a  second  sample  is  taken  at  the  time 
of  "stopping,"  and  stopped  with  a  large  excess  of  alkali,  it  does  not 
show  any  slow  residual  movement  downwards,  but  at  once  assumes 
the  angle  that  the  slightly  alkaline  solution  eventually  attains  to. 
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We  give  an  example  of  thif»  in  the  following^  experiment.  A  solation 
of  cane-sagar  was  mixed  with  a  large  amount  of  invertase  solution. 
After  allowing  the  reaction  to  proceed  for  a  quarter  of  an  honr,  two 
small  samples  (about  20  c.c.)  were  taken  and  simultaneouslj  stopped, 
A  with  one-fourth  of  a  drop  of  very  strong  potash  solution,  and  B 
with  4  drops.  They  were  both  quickly  examined  in  the  polarimeter 
with  the  result  that  B  at  once  showed  an  angle  =  +  32*2^  which  fell 
after  18  hours  standing  to  30  8  f  whilst  A  started  at  +39,  and  kept 
slowly  descending  for  a  long  time,  eventually  reaching  -|-29*8. 
The  following  are  the  readings  from  A  sample : — 


Time. 

1 
Reading. 

Time, 

Reading. 

4  0 

stopped 

4-23 

+  33-7 

4-2 

+  3yo 

4-36 

+  33-2 

4  & 

+  36-6 

4-55 

+  82-6 

4-7 

+  360            1 

6-25 

+  32-5 

4  1^ 

+  34-3            j 

1 

after  18  hours 

+  29-8 

We  see  from  this  that  the  small  amount  of  alkali  must  have  killed 
the  invertase  just  as  quickly  as  the  larger  one.  It  is  also  evident 
that  in  the  case  of  the  large  amount  of  alkali  there  must  have  been 
a  large  jump  down  on  rendering  alkaline.  We  farther  proved  this  in 
the  following  experiments  : — 

A  20  per  cent,  solution  of  sagar  was  prepared  and  divided  into 
two  portions,  A  and  B.  To  A,  5  per  cent.,  and  to  B,  10  per  cent,  in- 
vertase  solution  was  added.  At  intervals,  polari metric  readings  were 
made  of  each,  and  »t  the  same  instant,  small  samples  of  them  were 
stopped  by  the  addition  ol  several  drops  of  strong  potash,  and  read- 
ings of  these  also  made.  The  observations  were  made  in  a  200  mm. 
tnbe ;  the  results  are  given  in  the  following  table : — 

Table  VIII. — The  Decrease  of  Optieal  Activity  oii  stopping  Inversion 

with  Alkali. 


A  Expt.  6  per  cent,  inrertase  solution. 

B  ISkpt.  10  per  cent,  inyeriase  solution. 

Before 
stopping. 

After 
stopping. 

Decrease. 

Before 
stopping. 

After 
stopping. 

Decrease. 

+  74-7 
+  67-8 

+  88-3 

+   8-7 

+  70-3 
+  58-5 

+  210 

-70 

4-4 
9-3 

17-8 

15-7 

+  64-8 
+  21-6 
-16  0 

+  49  0 
-  2-5 
-24  2 

15-8 

24  1 

8-2 
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The  deorease  of  24'1  divisions  observed  in  B  experiment  is  equiva- 
lent to  the  inversion  of  23*3  per  cent,  of  the  total  sacrose  originally 
present. 

We  call  this  fall,  after  stopping,  "  the  residual  decrease." 

Of  course  all  the  numbers  given  for  the  inverting  process  were 
obtained  from  observations  taken  after  the  residual  decrease  had 
taken  place ;  we  prove  this  method  to  be  correct  under  the  heading 
''Molecular  Weight  of  a  Solution  of  Cane-sugar  undergoing  In  ver- 
sion.'' It  is  already  clearly  evident  from  the  general  agreement  of 
our  results,  that  the  decrease  is  in  mo  way  due  to  any  direct  inverting 
action  of  the  alkali.  One  law  alone  would  prove  that  the  whole  of 
the  inversion  is  due  to  the  invertase;  we  refer  to  our  numbers 
showing  that  the  action  of  invertase  is  in  proportion  to  its  weight. 
We  shall  explain  the  cause  of  the  residual  decrease  under  the  heading 
*'  Theory  of  Inversion  by  Invertase." 

From  these  facts  will  be  seen  the  necessity  for  allowing  a  stopped 
solution  to  stand  a  quarter  of  an  hour  before  taking  the  final  reading. 

The  action  of  acids  is  peculiar  and  complicated.  Kjeldahl  states, 
with  perfect  correctness,  that  in  extremely  minute  quantities  they 
greatly  aid  the  reaction ;  but  if  these  quantities  are  increased  this 
action  is  reversed,  and  they  are  very  detrimental.  This  is  a  most 
important  matter,  as  without  a  knowledge  of  the  action  of  dilute 
acids  it  is  impossible  to  estimate  the  strength  of  invertase  pre* 
parations. 

In  the  following  tables  we  give  the  effect  of  var}'ing  the  amount  of 
sulphuric  acid  present.  In  each  experiment  10  grams  of  sugar  was 
used,  and  the  balk  of  the  total  solution  was  50  c.c.  As  most  of  these 
tables  contain  results  from  more  than  one  series  of  experiments,  they 
are  not  always  absolutely  regular,  the  proportion  of  acidity  being  so 
small  that  the  most  favourable  point  varies  for  each  series.  We  have 
thought  it  best,  however,  to  put  in  all  the  experiments,  as  they  cover 
a  wider  range.  In  a  single  series  we  always  find  that  the  results  are 
perfectly  regular.  In  the  column  headed  *'  Series  "  we  have  distin- 
guished each  series  with  a  different  letter.  The  sulphuric  acid  is 
expressed  as  SO3  in  parts  per  100,000  on  the  total  solution ;  a  very 
dilute  solution  of  it  was  made,  and  a  measured  quantity  used.  In  the 
case  of  the  invertase  solution  it  was  either  measured,  with  or  without 
dilution,  or  weighed,  according  to  the  amount  wanted;  its  sp.  gr.  was 
1*020 ;  it  was  generally  added  to  the  sugar  solution  before  subdividing 
into  lots  of  50  c.c. 

The  results  are  calculated  in  every  way  the  same  as  those  in 
Table  VI  [. 
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Table   IX. — Influence  of  Sulphuric  Acid  on  Rapidity   of  Inversion 

atO\ 

Sugar,  10  grams.  Invertase  solution,  0*6  gram  =  6  per  cent,  on 
the  sQgar.  Total  solution,  50  c.c.  Temperature,  0°.  In  Plate  III 
(p.  856)  the  curve  is  indicated  by  a  line  of  crosses. 


Experi- 
ment. 

parte  per 
100,000. 

Time  of 

start 

Time  of 
"topping. 

Beading 

in 

200  mm. 

tube. 

Minutes  to  point  of  no 
optical  activity  calcu- 
lated for  0*1  gram 
invertase  preparation. 

1 
2 
8 
4 

15 
25 
85 
56 

10.66 
» 

2.83 
II 
•ti 

+   3-8 
+   4-9 
+   80 
+  25-6 

1440 
1476 
1608 
2586 

Tablv  X. — Influence  of  SulpJmric  Acid  on  Sapidity  of  Inversion  at 

15•5^ 

Sugar,  10  grams.  Invartase  solution,  015  gram  =  1*5  per  cent, 
on  sugar.  Total  solution,  50  c.c.  Temperature,  15*5°.  In  Plate  III 
the  curve  is  indicated  by  a  dotted  line. 


Beading 
in  200 

Minutes  to  point  of 

Experi- 
ment. 

80^ 

Time 

Time 

no  optical  activity 

Series. 

parts  per 

of 

xrfi 

calculated  for  01 

100,000. 

start. 

stopping. 

tube 

gram  invertase 

preparation. 

1 

A 

none 

10.48 

3.16 

+  8-8 

618 

2 

A 

2-5 

99 

■*t 

+  0-2 

412 

3 

A 

6  0 

-  10 

Z}^ 

4 

D 

5'0 

12.27 

6.6 

-  19 

5 

A 

7-6 

10.48 

3.16 

-   1-4 

890 

6 

A 

10-0 

10.48 

8.15 

-   1-3 

391 

7 

B 

10  0 

10.38 

3.20 

-  3-7 

386    891 

8 

D 

10-0 

12.27 

6.6 

-  1-7 

895 

9 

B 

20  0 

10.83 

8.20 

+  0-6 

487 

10 

B 

30  0 

•t) 

tt 

-»-  6-0 

602 

11 

B 

50  0 

II 

•♦» 

+  20-4 

738 

12 

B 

160-0 

tt 

*t 

+  62-0 

8640 

13 

E 

250-0 

28  ho 

urs 

+  58-4 

14000 

Table  XI. — It^fluence  of  Sulphuric  Acid  on  Bapidity  of  Inversion  at 

15-5°. 

Sugar,  10  grams.     Invertase  solution,  0'45  gram  =  4*5  per  cent, 
on  the  sugar.  Total  solution,  50  c.c.  Temperature,  I5'5^   In  Plate  III 
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the  curve  is  indicated  by  a  line  of  dashes ;  the  first  portions  of  it  (ap 
to  10  parts  SO3)  and  some  of  the  latter  portions  are  obtained  from  a 
different  source,  and  need  only  be  regarded  as  probable. 


Experi- 
ment. 

Series. 

parts  per 
100,000. 

Time 

of 
start. 

Time 

of 

stopping. 

Beading 

in  200 

mm. 

tube. 

Minutes  to  point  of 

no  optical  activity 

oalculated  for  0*1 

gram  invertase 

preparation. 

1 
2 
3 
4 
5 

P 
F 
P 
P 
F 

10 

15 

20 

250 

600 

2.28 
2.28 

»> 

n 

5.2 
5.1 

-15-6 
-16-4 
-14-6 

+eo-4 

+  72-0 

415 

416 

430 

5453 

19950 

Tablk  XII. — Influence  of  Sulphuric  Acid  on  Rapidity  of  Inversion  at 

16-5°. 

Sugar,  10  grams.  Invertase  solution,  1*5  grams  =  16  per  cent,  on 
the  sugar.  Total  solution,  50  c.c.  Temperatare,  15'5**.  In  Plate  111 
the  curve  is  indicated  by  a  line  of  alternate  dots  and  dashes. 


Beading 
in  200 

Minutes  to  point  of 

Experi- 
ment. 

SOj, 

Time 

Time 

no  optical  actiritj 

Series. 

parts  per 

of 

of 

calculated  for  0*1 

100,000. 

start. 

stopping. 

mm. 
tube. 

gram  invertase 

preparation. 

'   1 

H 

none 

3.24 

3.49 

+  12-8 

405 

•     2 

J 

none 

4.8 

4.38 

+  16-5 

542  U12 

3 

K 

none 

11.25 

12.0 

+  13-7 

590 

'   4 
■     5 

H 

10 

3.24 

3.49 

+   8-6 

380  r^* 

J 

10 

4.8 

4.38 

+  2-8 

•  ? 

H 

20 

3.24 

3.49 

+  71 

i^}»^ 

J 

20 

4.8 

4.38 

+  21 

'-   8 

H 

80 

3.24 

3.49 

+  7-6 

357 

-     9 

J 

30 

4.8 

4.38 

+  31 

381  U52 

.10 

K 

80 

11.26 

12.0 

-  7-4 

319 

11 

J 

40 

4.8 

4.38 

+  3-6 

33  > 

12 

K. 

45 

1L27 

12.1 

-   5-4 

840 

13 

J 

50 

4.8 

4.38 

+   41 

891 

fl4 
115 

J 

60 

4.8 

4.38 

+   6-0 

l^?}»* 

K 

60 

11,27 

12.0 

-  8-4 

16 

J 

120 

4.8 

4.88 

+  22-8 

684 

17 

K 

250 

11.28 

12.0 

+  54-6 

2090 

In  Plate  III  we  have  mapped  oat  the  results  given  in  Tables  IX  to 
XII. 
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BLE  XI IT. — Influence  of  Sulphuric  Acid  on  Rapidity  of  Inversion 

at  56^ 

ngar,  10  grams.  Invertase  solution,  about  004  gram  =  0*4  per 
i.  on  the  sugar.  Total  solution,  50  c.c.  Temperature,  5G°.  In 
be  IV  (p.  858)  the  curve  is  indicated  by  a  dotted  line. 


Minutes  to  point 

Inyertase 

SO,, 
parts  per 

Time 

Time 

Beading 

of  no  optical 

en- 
nt. 

Series. 

solution 

of 

of  stop- 

in  200 
mm. 

activity,  calcu- 
lat4>d  for  01 

m  grams. 

100,000. 

start. 

pmg. 

tube. 

gram  invertase 
preparation. 

Q 

0  0355 

none 

10.61 

12.37 

+  22  0 

66-0 

0 

0  04 

0-5 

12.43 

3.27 

-  9-6 

48-4 

f> 

0-042 

10 

12.44 

3.27i 

-12  4 

45-9 

>) 

0  04 

1-5 

12.45 

3.27^ 

-10-6 

46-6 

If 

0  04 

2  0 

12.45 

3.27 

-  8-6 

49-7 

Q 

0  0367 

6  0 

11.14 

1.1 

+  37  0 

108-4 

LBLE  XIV. — Influence  of  Sulphuric  Add  on  Rapidity  of  Inversion 

at  56°. 

ingar,  10  grams.  Invertase  solution,  0'07  gram  =  0*7  per  cent, 
the  sngar.  Total  solution,  50  c.c.  Temperature,  56°.  In  Plate  IV 
curve  is  indicated  bj  a  line  of  dashes. 


Minutes  to  point 

yen- 
nt 

Series. 

Invertase 
solution 

SO,, 
parts  per 

Time 
of 

Time 
of  stop- 

Reading 
in  200 
mm. 

of  no  optical 
activity,  calcu- 
lated for  01 

in  grams. 

100,000. 

start. 

ping. 

tube. 

gram  invertase 
preparation. 

'R 

0-07 

none 

11.19 

12.52 

+  10  0 

84-3 

N 

>f 

0-5 

3.49 

4.58 

+   0-6 

49  1 

)) 

ii 

1-0 

3.504 

4.58 

-  2-6 

44-0 

1-5 

3.52 

4.58 

-  1-6 

44  3 

2  0 

3.53 

4.58 

0  0 

ti'l}^- 

M 

2  0 

3.57 

5.24 

-10-4 

i 

i» 

3  0 
3  0 

11.19 

12.52 

-  80 

-  8-6 

^:?}«' 

M 

ti 

4-0 

3.67 

6.24 

-  40 

54-1 

I) 

fi 

50 

)) 

yy 

+   4-6 

68-4 

R 

M 

9  0 

11.19 

12.52 

+  54-0 

344  0 
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TA.BLB  XV. — Influence  of  Sulphuric  Acid  on  Rapidity  of  Inversion 

at  66^ 

Sagar,  10  grams.  Invertase  solation,  about  0*15  gr&m.  =  1*5  per 
cent,  on  the  sugar.  Total  solution,  50  c.c.  Temperature,  56**.  In 
Plate  lY  the  curve  is  indicated  by  a  line  of  alternate  dots  and  dashes. 


Minutes  to  point 

Inyertase 

SO, 

Time 

Time 

Beading 

of  no  optical 

Experi- 
ment. 

Series. 

solution 

parts  per 

of 

of  stop- 

in 200 
mm. 

activitj,  calcu- 
lated for  01 

in  grams. 

100,000 

start. 

ping. 

tube. 

gram  invertaM 
preparation. 

1 

P 

0  156 

0-5 

3.32i 

4.7i 

+  10 

54-8 

2 

*) 

0-153 

10 

3.3Ci 

4.1U 

-8-4 

47-3 

3 

0  153 

1-5 

3.40 

4.15 

-3-9 

46-8 

4 

i» 

0  156 

2  0 

3.43^ 

4.184 

-3-8 

47-9 

Ta.blb  XVI. — Influence  of  Sulphuric  Acid  on  Sapidity  of  Invernon 

at  60\ 

Sugai*,  10  grams.  Invertase  solution,  about  0'0S4  gram  =  0*34 
per  cent,  on  sugar.  Total  solution,  50  c.c.  Temperature,  60*".  la 
Plate  IV  the  curve  is  indicated  by  lines  of  crosses. 


Experi- 
ment. 


Series, 


S 
I) 
•» 
T 


Inyertase 

so„ 

solution 

parts  per 

in  grams. 

100,000. 

0  0348 

0-2 

0  0843 

0-4 

0-0343 

0-6 

0-0342 

0-3 

0  0342 

0-35 

00342 

0-4 

0  0342 

0-45 

0-0342 

0-6 

Minutes  to  point 

Time 
of 

Time 
of  stop- 

Beading 

in  200 

mm. 

of  no  optical 
actiritj  calcu- 
lated from  01 

start. 

ping. 

tube. 

gram  invertase 
preparation. 

3.29 

6.18 

+  68  0 

920  0 

^14-3 

85-4 

It 

+  42-8 

196-0 

11.38 

3.22 

^550 

442*0 

it 

+  50  0 

336  0 

+  34-4 

195  0 

+  20-6 

131  0 

»» 

*» 

+   1-8 

80*4 

In  Plate  IV  we  have  mapped  out  the  results  given  in  Tables  XIII 
to  XVI. 

A  study  of  Plates  III  and  IV  enables  us  to  see  the  remarkable  in- 
fluence exerted  by  minute  quantities  of  acid  on  the  rapidity  of  tbe 
action  of  invertase :  and  it  shows  the  absolute  necessity,  if  we  wish  to 
obtain  the  greatest  possible  amount  of  work  from  a  preparation  of  in- 
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Y.  THE  INFLUENCE  OF  SULPHURIC  ACID  ON  RAPIDITY  OF  INVERSION  AT  S6*  AND  60*"  C. 
PARTS  OF  S0«  PER  100.000    OF  THE  SOLUTION 
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vertase,  of  obtaining  that  degree  of  acidity  whioh  is  most  f  avonrable  f  oi* 
the  action.  The  amounts  of  acidity  involved  are  so  extremely  minute 
that  it  is  absolutely  necessary  to  ascertain  this  factor  for  each  sepa- 
rate experiment.  We  have  already  referred  to  these  facts  under  the 
heading  "  The  Infiueuce  of  the  Proportion  of  In  vertase  Preparation 
Present." 

From  these  Plates  it  will  also  be  seen  that  the  most  favourable 
degree  of  acidity  varies  with  the  temperature  and  with  the  percentage 
of  the  active  agent  present.  We  may  add  that  it  is  a  different  quantity 
for  each  different  invertase  preparation.  We  have  not  been  able  to 
find  the  law  which  governs  these  variations.  In  Table  XVII  we  give 
approximately  the  most  favourable  amount  of  sulphuric  anhydride  for 
the  invertase  solution  that  we  used.  The  numbei's  are  inferred  from 
the  results  recorded  in  Plates  III  and  IV. 

Table  XVII. — Gowparison  of  the  most  Favourable  Amounts  of  Sul- 

phuric  Acid, 


luTertase  solution  per 
cent,  on  the  sugar. 

Most  favourable  amount  of  SOj  expressed  in  parts 
per  100,000  of  solution. 

Temperature  15  '5°. 

Temperature  56°. 

0-4 
0-7 
1-5 
4-5 
15  0 

7~5 
15  0 
25  0 

1-25 
1-25 
1-5 

These  numbers  do  not  seem  to  bear  any  relationship  to  one  another, 
but  it  is  evident  that  the  more  invertase  is  used  the  greater  the 
amount  of  acid  necessary ;  though  the  two  are  not  in  simple  propor- 
tion. It  is  also  noticeable  that  the  higher  the  temperature,  the  less 
acid  is  required.  We  cannot  see  the  reason  of  these  variations.  It 
is  evident  that  they  are  not  due  to  the  inverting  action  of  sulphuric 
acid  per  se,  as  these  minute  amounts  are  perfectly  inactive  at  the 
temperatures  employed.  It  is  also  remarkable  how  fatal  to  the  reac- 
tion is  a  small  variation  in  the  acidity.  In  Table  XVI  it  is  shown 
that  at  GO""  2  parts  per  million  of  acid  alters  the  rapidity  of  the  reaction 
elevenfold. 

The  effect  of  alcohol  is  adverse  to  the  reaction. — In  Table  XVIII  the 
results  of  experiments  are  given  in  which  we  substituted  alcohol  for 
a  portion  of  the  water.  These  experiments  were  conducted  in  the 
manner  already  described. 
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Eacb  beaker  ^as  mnde  to  contain  10  grams  of  sngar,  0*24  gram  of 
invertase  solution,  and  0*4!  c.c.  of  decinormal  salpburic  acid.  After 
tbe  addition  of  tbe  alcobol  it  was  made  np  witb  water  to  50  c.c. 
Temperature,  15•5^     Time,  9.39  to  12.18  =  159  min. 

Table  XV III. — The  Influence  of  Alcohol  on  the  Rapidity  of  Inversiov* 


Beaker. 

Alcohol,  per 

cent,  on  the 

solution. 

100  mm.  tube. 

Per  cent, 
inyerted. 

Minutes  to  point  of  no 
optical  activitj  calcu- 
lated for  0*1  gram  in- 
vertase preparation. 

1 
2 
3 
4 
5 

0 
0-25 
0-50 
100 
4-00 

0 
+   0-6 
+   20 
+   4-2 
+  12  0 

74-1 
78  0 
70-3 
66  0 
51-0 

382 
390 
412 
471 
713 

We  have  now  tbe  means  of  comparing  the  influence  of  two  foreign 
substances  witb  tbe  law  laid  down  by  Harconrt,  namely,  "  It  varies 
directly  witb  some  function  of  eacb  of  tbe  other  conditions  under 
which  tbe  change  occurs."  Taking  tbe  alcobol  first,  it  is  evident 
from  tbe  following  comparison  tbat  its  influence  varies  in  arithmetical 
progression  with  tbe  amount  present : — 

Theory 382,         402,         422,        462,         702. 

Found 382,         390,         412,         471,         713. 

Tbe  agreement  bere  is  within  tbe  limit  of  tbe  errors  of  experiment. 
We  may  note  that  tbe  addition  of  5  per  cent,  of  alcobol  about  halves 
the  rapidity  of  the  reaction. 

Tbe  case  of  snlpburic  acid  is  different.  It  is  at  once  evident  tbat 
tbe  influence  of  varying  amounts  of  this  substance  is  not  at  all  in 
accord  witb  tbe  above- stated  law  of  Harcourt.  This  fact  is  similar  to 
that  we  mentioned  under  the  beading  ''Influence  of  Temperature/' 
namely,  tbat  Harcourt's  experiments  are  not  truly  comparable  with 
these,  because  they  were  not  done  with  a  substance  wbicb  has  a 
stimulating  effect  up  to  a  certain  percentage  only,  but  afterwards 
bas  tbe  opposite  tendency.  Possibly  under  tbese  circumstanceB, 
too,  tbe  results  obtained  would  accord  with  those  bere  noted.  It 
may  be  objected  to  this  tbat  the  law,  if  it  is  accurate,  precludes  tbe 
possibility  of  such  a  reaction.  This  is  true :  but  we  must  remember 
tbat  tbe  theory  was  based  upon  a  few  reactions  only,  and  it  by  no 
means  follows  tbat  some  others  may  not  have  a  point  of  maximum 
influence,  and  would  therefore  follow  lines  similar  to  this  one.  This 
is  tbe  more  probable,  because  we  can  see  from  Plates  III  and  IV  that 
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if  we  only  examined  the  reaction  some  distance  on  either  side  of  the 
maximum  point,  we  should  obtain  numbers  very  similar  to  those 
which  would  be  yielded  by  a  reaction  following  Harcourt's  theory. 

Molecular  Weight  of  Cane- Sugar  undergoing  Inversion. 

Under  the  last  heading  we  showed  that  if  an  alkali  is  added  to  a 
solution  of  cane-sugar  undergoing  inversion,  the  optical  activity 
suddenly  falls  many  degrees.  It  became,  therefore,  a  question 
whether,  in  calculating  the  percentage  of  inversion,  it  was  right  to 
take  as  a  basis  the  optical  activity  before  or  after  this  sudden  change. 
With  this  object  we  determined  the  freezing  point  of  a  solution  of 
sucrose  that  was  undergoing  inversion  (Raoult*8  method,  see  heading 
"Molecular  Weight  of  J'-Invertan"),  and  compared  it  with  the  optical 
activity  of  the  solution  both  before  and  after  stopping  with  alkali. 
Theoretically  the  optical  activity  should  have  been  determined  and 
the  sample  should  have  been  killed  at  the  same  moment  that  the 
solution  was  frozen.  The  two  last  factors  were  practically  possible, 
but  for  the  first  the  solution  had  to  be  warmed  up  before  it  could  be 
observed.  We  did  this  as  quickly  as  possible ;  the  inversion  pro- 
ceeding during  the  interval  can  only  have  been  slight,  and  the  error 
introduced  thereby  would  be  such  as  to  make  the  residual  decrease 
appear  smaller  than  it  really  was.  It  will  be  seen  later  on  that  this 
point  is  not  material  to  the  results.  The  experiment  was  conducted 
as  follows : — 

50  grams  of  cane-sugar,  3  c.c.  of  a  solution  of  invertase,  and  0*8  c.c. 
of  decinormal  sulphuric  acid  were  dissolved  together  to  250  c.c.  of 
solution  at  11.51  a.m.  The  freezing  point  of  the  mixture  was  at  once 
determined.  As  soon  as  this  was  done,  the  half  frozen  mass  was 
rapidly  thawed,  and  20  c.c.  of  it  was  killed  by  pouring  into  a  beaker 
containing  a  drop  of  the  strongest  potassium  hydroxide.  The  unkilled 
portion  was  rapidly  warmed  and  its  optical  activity  taken  as  quickly 
as  possible  in  the  200  mm.  tube.  After  a  short  time,  the  optical 
activity  of  the  portion  killed  by  alkali  was  observed. 

After  this  first  series  of  observations  had  been  made,  all  the  portions 
which  had  not  been  killed  were  added  together  and  allowed  to  stand 
iu  the  cold  for  half  an  hour  :  a  second  similar  series  of  observations 
was  then  made.  In  all  there  were  five  such  series,  the  last  of  which 
was  made  the  following  morning,  so  that  the  solution  had  the  whole 
night  to  complete  the  inversion.  The  following  table  gives  the  num- 
bers obtained : — 
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Table  XIX. — Comparison  of  the  Freezing  Point  and  Optical  Activity  of 
Sucrose  Solution  undergoing  Inversion. 


Series. 

Time 

of 

freezing. 

Freezing  point. 

Optical  activity  of  the 

solution,  diTisions  in 

200  mm. 

Besidual  decrease 
of  optical  actirilj 
calculated  in  per 

Obserred. 

Corrected. 

Unkilled. 

KiUed. 

cent,  of  sugar. 

1 
2 
3 
4 
5 

11.53 

12.30 

2.25 

4.15 

22  hours 

-1  49 
■-1-86 
-2-58 
-.2-74 
-2-76 

-1-67 
-1-96 
-2-65 
-2-82 
-2-84 

+  74-5 
+  67-9 
+  0-6 
-19-1 
-27-8 

+  69-4 
+  37-6 
-20-4 
-24-8 
-27-8 

4-9 
19  6 
20-3 

6-6 
none 

The  column  "  Freezing  point,  Corrected,"  gives  the  freezing  point 
after  allowing  for  the  inaccuracies  of  the  thermometer.  The  last 
column  gives  the  amount  of  cane-sug^r  which  apparently  became  in- 
verted on  adding  the  alkali  (see  '*  Influence  of  Foreign  Substances'*). 
It  is  calculated  in  percentages  on  the  total  sugar  present. 

During  the  process  of  inversion,  the  molecular  weight  of  the  sugar 
decreases  from  342  to  180.  The  decrease  in  the  intermediate  stages  is 
of  course  in  proportion  to  the  amount  inverted,  and  therefore  should 
be  in  arithmetical  progression  with  the  decrease  of  optical  activity. 
The  calculation  of  the  molecular  weight  from  the  optical  activity  is 
therefore  a  simple  matter.  To  take  the  first  number,  +  74*5  div.,  the 
original  optical  activity  must  have  been  76*8  div. ;  so  the  decrease  was 
2'3  div.  The  total  decrease  when  inversion  is  complete  is  103'6  div., 
whilst  the  total  decrease  in  molecular  weight  is  162. 

103-6  :  162  ::  23  :  3-6. 

3*6  represents  the  decrease  in  molecular  weight  corresponding  to 
2'3  div.  decrease  in  optical  activity.  The  molecular  weight  of  the 
sugars  would  therefore  be  3384  (342  —  3-6). 

In  calculating  the  molecular  weight  from  the  freezing  point,  we 
must  first  make  allowance  for  the  effect  of  the  alcoholic  solution  of 
invertase,  <fec.,  on  the  freezing  point.  The  only  practicable  way  of 
doing  this  is  by  taking  the  number  obtained  after  standing  22  honn 
and  (as  we  know  that  all  the  sugar  is  inverted)  deducting  the  theo- 
retical amount  due  to  the  invert-sugar  present.  The  remainder  we 
look  upcfn  as  a  constant  error  running  through  all  the  observations. 
The  freezing  point  of  a  solution  of  cane-sugar  containiog  20  grams 
of  sugar  per  100  c.c.  should  be  — 1-27**.  This  figure  would  be  in- 
creased to  —2' 71°  after  inversion,  making  allowance  both  for  hjdT»- 
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tion  and  contraction.  Tf  we  compare  the  latter  number  with  the  one 
obtained,  284}^,  we  find  a  difference  of  01 3,  and  this  we  look  npon 
as  the  constant  error.  The  conversion  of  these  results  into  molecular 
weights  by  the  ordinary  means  is  difficult,  because  of  the  necessity  of 
making  allowance  for  the  varying  concentration  of  the  solution  due 
to  hydration  and  contraction,  but  if  we  adopt  the  same  method  of 
•calculation  that  we  gave  for  the  optical  activity,  the  affair  is  simple. 
We  take  the  theoretical  number  for  the  cane-sugar,  — 1*27°,  and  the 
numbers  obtained  between  this  and  —2*  71**  are  in  inverse  arith- 
metical progression  with  the  molecular  weights  between  342  and 
180.  The  calculation  is  the  same  as  in  the  case  of  the  optical  activity. 
It  will  be  noticed  that  the  numbers  obtained  from  the  freezing  point 
and  from  the  optical  activity  are  calculated  quite  independently  of  each 
other 

Table  XX  shows  the  results  of  these  calculations. 


Table  XX. — Molecula/r  Weight  of  a  Sucrose  Solution  undergoing 

Inversion, 


Freezing  point, 
ded acting  con- 
stant error. 

Molecular  weight  of  sugar  calculated  from  the 

Series. 

Freezing  point. 

Optical  activity 
before  killing. 

Optical  activity 
after  killing. 

1 
2 
8 
4 
5 

-1-44 
-1  »2 
-2  52 
-2-69 
-2-71 

3?3 
280 

201 
182 
180« 

838 
312 
223 
195 
180 

330 
281 
190 
183 
180 

The  first  column  gives  the  freezing  point  after  allowing  for  the 
constant  error. 

It  will  be  seen  that  the  molecular  weights  obtained  by  Raoult's 
method  agree  extremely  closely  with  those  calculated  from  the 
optical  activity  after  stopping  the  reaction  with  alkali,  whereas  they 
are  throughout  too  low  for  the  numbers  obtained  without  stopping. 

We  can,  therefore,  only  assume  that  the  molecular  weight  is  the 
same  before  adding  the  alkali  as  after,  although  the  optical  activity 
would  indicate  a  considerable  decrease  in  it,  and  we  may  further 
say  that  the  optical  activity  of  a  solution  undergoing  inversion  does 
not  give  a  true  measure  of  the  amount  of  cane-sugar  that  has  been 

*  This  number  was  assumed  in  the  calculations,  and  is  therefore  of  no  value  in 
the  comparison. 
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split  ap  into  dextrose  and  lovnlose;  but  if  the  Bolation  is  stopped 
by  an  alkali,  and  time  is  allowed  for  the  optical  activity  to  become 
constant,  it  is  a  correct  indicator  of  the  amount  of  cane-sugar  that 
has  undergone  inversion  at  the  moment  of  stopping. 

Extent  of  the  Power  of  Invertase. 

The  strongest  sample  of  invertase  we  ever  prepared  reduced  the 
optical  activity  of  100  times  its  own  weight  of  sucrose  to  the  zero 
point  in  25"1  minutes ;  that  is  to  say,  it  inverted  74  times  its  own 
weight  of  cane-sugar  in  25*1  minutes.  If  a  temperature  of  54°  had 
been  employed,  it  would  have  inverted  7'5  times  as  much,  =  550 
times  its  own  weight  in  25"1  minutes,  or  at  the  rate  of  about  22  times 
its  own  weight  every  minute;  and,  provided  that  the  invert-sugar 
could  be  occasionally  extracted  and  replaced  by  cane-sugar,  we  have 
every  reason  to  think  that  the  invertase  would  go  on  inverting  at  this 
rate  for  an  infinite  time.  Many  samples  have  been  obtained  nearly 
as  strong  as  this. 

To  test  whether  there  is  any  limit  to  the  action  of  invertase,  we 
made  a  considerable  bulk  of  cane-sogar  solution,  and  added  to  it  the 
requisite  minute  amount  of  sulphuric  acid.  It  was  then  boiled  in  a 
large  flask,  a  small  sample  of  it  was  taken  in  a  small  flask,  and  the 
two  flasks  were  then  placed  side  by  side  in  a  water-bath  at  50 — 54^*. 
A  very  small  weighed  quantity  of  invertase  solution  was  added  to  the 
larger  flask,  and  the  two  were  kept  at  the  above  temperature  for  a 
fortnight.  At  the  end  of  this  time  the  blank  experiment  showed 
about  10  per  cent,  of  the  sugar  inverted,  while  we  found,  after 
making  allowance  in  the  large  bulk  for  this  amount,  that  the  invertase 
had  acted  upon  over  100,000  times  its  own  weight  of  the  sucrose. 
Inversion  was  still  proceeding  slowly. 

Comparison  of  the  Laws  governing  Inversion  with  Harcourt^s  Laws. 

Having  now  given  in  sufficient  detail  the  results  of  our  experiments 
on  the  action  of  invertase  on  sucrose  under  various  conditions,  and 
having  shown  in  each  case  to  what  extent  they  agree  with  those  laws 
which  Harcourt  found  to  regulate  the  chemical  action  of  inorganic 
substances,  we  now  proceed  to  review  the  comparisons  as  a  whole. 

We  will,  in  the  first  place,  sura  up  the  results. 

I.  The  Rapidity  of  the  Reaction. — This  agrees  very  closely  with 
Harconrt^s  law,  but  we  find  that  there  is  some  slightly  disturbing 
cause  at  work  which  varies  in  strength  during  the  course  of  the  re- 
action, and  which  we  have  not  been  able  to  discover. 

II.  The  influence  of  the  proportion  of  inveri<ue  preparation  present 
agrees  exactly  with  the  theory. 
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III.  The  influence  of  the  concentration  of  the  solution  does  not  agree 
with  Harcoart's  results ;  but  we  have  pointed  ont  that  the  experi- 
ments are  not  comparable. 

rV.  The  Influence  of  Temperature. — At  low  temperatures,  the  reac- 
tion follows  the  theory  very  closely,  but  at  temperatures  approaching 
those  at  which  the  activity  is  destroyed  the  agreement  ceases.  We 
have  put  forward  considerations  to  show  that  this  result  is  such  as 
might  be  expected. 

V.  The  Influence  of  Foreign  Substances, — The  influence  of  varying 
proportions  of  alcohol  is  in  exact  accordance  with  Harcourt's  law,  but 
sulphuric  acid  gives  results  which  by  no  means  tally  with  it.  In  this 
case  also  we  have  accounted  for  the  discrepancy  by  showing  that  the 
experiments  are  not  comparable. 

We  can  sum  up  these  results  by  saying  that  Nos.  I,  II,  and  parts 
of  rV  and  V  agree  with  Harcoart's  laws ;  but  No.  Ill  and  the  re- 
mainder of  lY  and  V  do  not  agree,  and  that  this  disagreement  may 
be  accounted  for  by  the  fact  that  the  conditions  of  experiment  are 
not  comparable. 

From  this  we  do  not  hesitate  to  draw  the  conclusion  that  the 
action  of  invertase  on  cane-sugar  is  governed  by  laws  similar  to 
those  which  govern  simple  inorganic  reactions,  and  therefore  we  may 
safely  conclude  that  it  is  a  simple  chemical  action  differing  in  no 
important  way  from  the  reactions  of  inorganic  substances,  and  that 
there  is  no  reason  whatever  for  supposing  that  vital  force  enters  in 
any  way  into  the  action. 


Method  of  EsHmating  and  Recording  the  Activity  of  Preparations  of 

Invertase. 

Before  any  attempt  could  be  made  to  isolate  invertase,  it  was, 
obviously,  of  the  greatest  importance  to  establish  a  trustworthy  and 
practical  standard  method  of  measuring  the  inverting  power  of 
any  given  material.  Indeed,  as  the  inverting  power  is  the  only 
known  attribute  by  which  invertase  can  be  recognised,  so  it  is 
the  only  means  we  have  of  judging  the  amount  of  the  substance 
present.  A  study  of  the  laws  which  govern  the  reaction  shows  that 
the  time  factor  is  the  most  convenient  one  for  expressing  the  intensity 
of  this  function,  because  the  time  that  is  necessary  for  a  sucrose 
solution  to  reach  a  given  percentage  of  inversion  is  in  inverse  pro- 
portion to  the  amount  of  invertase  present.  In  the  preceding  work 
we  have  always,  where  possible,  employed  a  solution  containing 
20  grams  of  sucrose  per  100  cc,  and  we  have  expressed  the  results  in 
minutes  necessary  to  reach  the  point  of  no  optical  activity.  We  have 
generally,  also,  calculated  the  results  so  as  to  allow  for  the  different. 
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proportions  of  invertase  preparation  employed,  taking  the  tftand&rd 
amoant  of  the  preparation  as  1  gram  per  100  grams  of  sngar.  It 
now  only  remains  to  fix  the  standard  temperature;  we  take  15'5* 
as  being  the  most  oonyenient.  It  is  needless  to  remark  that  the 
experiment  is  always  supposed  to  be  conducted  nnder  the  most 
favourable  possible  conditions  of  acidity ;  otherwise  the  results  are  of 
no  Talue* 

For  results  thns  obtained  we  use  the  expression  +0  =  0;  min., 
jx  being  the  number  of  minutes  that  the  invertase  preparation  takes 
to  do  a  certain  standard  amount  of  work.  The  amount  of  invertase 
present  in  a  given  sample  is,  of  course,  in  inverse  proportion  to  the 
value  of  x^  and  hence,  if  this  factor  is  known,  it  is  easy  to  caleulate 
the  relative  amounts  of  invertase  contained  in  two  or  more  invertiDg 
preparations. 

We  repeat  that,  in  the  formula  +0  =  0  min.,  +0  is  a  certain 
standard  amount  of  work,  and  x  is  the  time  that  is  taken  to  do  it. 

The  standard  conditions  of  the  work  are  as  follow : — ^ 

1  gram  of  the  invertase  preparation  and  100  gr^ms  of  sucrose, 
together  with  the  amount  of  sulphuric  acid  most  favourable  for  in* 
version,  are  dissolved  to  500  c.c.  of  solution,  and  maintained  at  a 
temperature  of  15*5°.,  The  standard  amount  of  work  is  the  inversion 
of  74*1  grams  of  sucrose  under  these  conditions.  This  is  equivalent 
to  reducing  the  optical  activity  of  the  solution  to  ±0. 

The  practical  method  of  ascertaining  the  value  of  x  is  very  simple. 
50  grams  of  sucrose  is  dissolved  in  water  to  nearly  250  c.c.  solution^ 
and  put  into  a  water-bath  carefully  maintained  at  15*5**.  When  the 
temperature  is  cpnstant,  0'5  gram  of  the  material  to  be  examined 
is  added,  and  the  time  noted.  The  solution  is  then  quickly  made  up 
to  250  c.c.  and  poured  into  five  beakers  placed  in  the  water-bath.  The 
five  pottions  need  not  be  accurately  equal.  To  these  beakers  the  follow- 
ing amounts  of  decinormal  sulphuric  acid  (1  c.c.  =  0'008  gram  80$) 
are  added,  O'l,  03, 0*6, 1'O,  and  1*4  c.c.  These  numbers  maybe  varied 
in'  any  way  that  is  thought  best  for  the  particular  sample  that  is  under 
examination.  After  standing  an  hour  at  15' 5^  the  reaction  is  stopped 
in  a  Fooaall  quantity  taken  from  Beaker  3  by  adding  a  few  drops  of 
strong  potassium  hydroxide,  and  the  time  of  doing  so  is  noted.  A 
reading  of  this  is  taken  in  the  polarimeter,  and  from  this  the  per- 
centage of  sugar  inverted  is  calculated  by  the  formula  already  given 
('*  Mode  of  Procedure  ").  The  time  which  the  contents  of  Beaker  3 
will  take  to  reach  optical  inactivity  is  calculated  in  the  same  manner 
as- was  given  in  the  calculation  of  Table  V  (A  column).  It  would  be- 
more  accurate  to  use  Esson's  equation  for  this  purpose :  but  it  takes 
considerably  longer  than  our  way  of  calculating,  and  the  results  are 
practically  identical.  When  the  calculated  time  approximately  arrives. 
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)w  drops  of  potassium  hydroxide  solution  are  added  to  each  heaker, 

the  time  acoarately  noted.  The  beakers  are  then  allowed  to  stand 
uu^er  of  an  hour  in  order  to  allow  the  residoal  decrease  to  take 
e,  and  a  reading  of  each  is  then  taken  in  the  polarinieter.  If  the 
iben  thus  obtained  are  such  that  some  amount  of  snlphnrio  acid 
ide  tbe  above  series  would  give  still  more  advanced  numbers^ 
h  will  be  obvious  on  inspecting  the  results,  the  experiment  must 
»peated  with  more  suitable  quantities  of  sulphuric  acid. 

the  &Te  readings  obtained  for  the  above  experiments,  only  the 
^hich  shows  the  greatest  amount  of  inversion  is  calculated.  This 
DO  in  exactly  the  same  manner  as  described  in  arriving  at  the 
ers  in  the  A  column  of  Table  Y,  and  the  result  gives  the  number 
antes  equivalent  to  w. 

)  circumstanoes  are  sometimes  such  thart  it  is  necessary  to  per* 
the  experiments  under  conditions  different  from  the  standard 
The  variation  may  be  either  in  the  amount  of  invertase  used,  or 
temperature  at  which  the  inversion  takes  place*  It  is  convenient 
'  the  percentage  of  inverting  material  when  it  is  either  a  very 
or  a  veiy  weak  preparation.  It  is  generally  best  so  to  arrange 
)nnt  of  material  that  the  point  of  no  optical  activity  is  attained 
one  to  three  hours.  If  any  proportion  of  invertase  different 
9  standard  amount  is  employed,  it  will  be  necessary  to  correct 
ber  calculated  as  above  in  accordance  with  the  rule  that  the 
in  inverse  proportion  to  the  amount  of  invertase  preparation 
1.  In  Table  V,  the  figures  corrected  for  this  factor  are  given 
n  B.  In  the  case  of  a  determination  of  the  inverting  power 
t  ie  not  possible  to  get  even  approximate  results  in  the  cold ; 
Jidard  temperature  has  to  be  discarded  in  &vonr  of  54^.  At 
eratnre,  yeast  gives  trustworthy  and  constant  results,  per- 
iparable  among  themselves,  though  whether  the  whole  of 
%se  contained  in  the  yeast  is  brought  into  action  is  doubtful, 
ali  show  under  the  heading  "Liquefaction  of  Yeast." 
irticalars  of  the  action  of  yeast  at  this  temperature  will 

a  future  paper. 

nation  of  the  inverting  power  of  yeast  or  any  other  mate- 
[ch  a  higli  temperature  is  desirable,  is  otherwise  conducted 
[le  saine  Tvay  as  we  have  described  above.  The  cold  yeast 
ectlj-  into  the  sugar  solution  at  a  temperature  of  54^,  and 
is  kept  at  this  temperature  during  the  whole  reaction'— 
re  or  less  is  not  of  paramount  importance.  Very  much 
mts  of  sniphuric  acid  are  required :  about  O'O,  0*05,  01, 
yf  decinormal  sulphuric  acid  are  the  best  amounts  for 
kers.       ^f  ter  calculating  the  results  obtained  by  this 

xxecessary  to  correct  them  for  the  temperature^     This  is 
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4one  by  mnltipljiiig  the  namber  of  minateB  by  7*5,  which  brings  the 
aresnlts  to  the  standard  condition. 

In  ordinary  approximate  estimations  of  the  strength  of  a  sample 
-of  invertase,  we  hare  only,  as  a  rnle,  msed  three  beakers,  instead  of  five. 
The  method  remains,  of  course,  the  same,  bnt  proportionate  amoants 
of  sugar,  invertase,  <bo.,  must  be  taken.  For  the  amounts  of  deci- 
normal  sulphuric  acid  we  generally  take  O'0, 0*4,  and  0'8  c.c. 

It  should  be  noted  that  if  the  invertase  preparation  to  be  tested  is 
in  solution,  it  is  advisable  to  have  it  as  free  as  possible  from  alcohol, 
because  this  has,  as  we  have  shown,  a  deterrent  action  on  the  progress 
of  the  reaction.  However,  as  the  solution  cannot  contain  more  than 
about  20  per  cent,  absolute  alcohol,  the  effect  produced  by  it  will 
scarcely  be  perceptible,  if  not  more  than  0*5  c.c.  is  employed  to  each 
beakec  We  have  generally  partially  freed  from  akohol  by  allowing 
the  solution  to  stand  all  night  in  a  vacuum  over  sulphuric  acid. 

Many  instances  of  the  way  in  which  this  method  of  estimation  is 
used  ia  .practice  will  be  found  later  on. 

In  order  to  show  the  reliabilitgr  of  the  method,  we  cannot  do  better 
than  give  some  results  obtained  with  a  solution  of  invertase  which 
was  kept  for  a  long  time  in  a  stoppered  bottle.  From  the  dates  gfiven 
k  will  be  noticed  that  the  experiments  were  made  at  irregular  inter- 
vals during  nearly  two  years.  The  reason  for  this  is  that  they  were 
not  made  with  the  object  of  iieating  the  accuracy  of  the  process,  or, 
indeed,  leven  jnrith  that  of  estimating  the  inverting  power  of  the  solu-* 
tion :  but  they  .are  results  which  were  obtained  incidentally  in  the 
course  of  our  investigations,  and  ihe  majority  of  the  figures  have  been 
given  in  the  previous  jbables. 

Table  XXI. — EstimcUions  of  the  Inverting  Power  q^  a  given  Solution 
of  Invertase  Preparation  under  widely  varying  conditione. 


No. 

Data« 

Tern, 
pera- 
ture. 

Invertase 
solution 
percent, 
on  sugar. 

paru 
100,000. 

Ifinutes. 

Optical 
activity 
in  100 

mm. 

t«be 

±0a-min. 

1 

Msy,18g8,. 

MOP 

0-42 

10 

168*6 

-6-2 

844 

2 

f> 

64  0 

0-7 

1-0 

67-6 

-1*8 

880 

8 

II 

64  0 

1-68 

1-6 

86  0 

-1-96 

861 

4 

Feb.,  1889.. 

16*6 

1-6 

7-6 

272  0 

-0-7 

81)0 

6 

II 

1^-6 

4-6 

10  0 

164  0 

-7-8 

415 

6 

April,  1889. 

16-6 

160 

80  0 

26*0 

+  8*76 

867 

7 

II 

64*0 

0-846 

1-0 

108-0 

+  8-26 

414 

.  8 

May,  1880.. 

16-6 

20 

2  0 

1820 

-0-2 

858 

9 

II 

64  0 

0-26 

trace 

204  0 

-0  1 

888 

10 

Aug.,  J889.. 

16-6 

2-4 

2  0 

169  0 

0 

882 

11 

Jan.,  1890 

16-6 

1-8 

4  0 

198*0 

+  6*0 

896 
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The  first  thing  that  strikes  ns  on  examining  this  table  is  the  re- 
markable agreement  of  the  numbers  for  x  in  the  column  +0  =  min.  ;* 
they  differ,  no  do«bt,  somewhat,  bat  when  we  consider  the  various 
conditions  nnder  which  thej  were  arrived  at,  we  mnst  admit  that  the 
agreement  is  remarkable.  First,  they  were  obtained  for  the  same 
preparation  of  invertase  at  intervals  during  two  years;  secondly, 
the  experiments  of  which  they  express  the  results  were  made  at 
different  temperatures ;  and,  thirdly,  the  amount  of  preparation  em- 
ployed varied  from  0*25  to  15*0  per  cent,  on  the  sucrose.  When  we 
add  to  these  considerations  the  fact  that  the  time  taken  by  the 
experiment?  varied  from  25  minutes  to  272,  and  that  a  slight  error  in 
taking  the  time  materially  affects  the  results  lor  the  shorter  times^ 
while  it  has  little  effect  on  those  for  the  longer  ones,-  it  wrlJ  ber 
conceded  that  the  numbers  are  sufficiently  concordant  to  establish*  the 
method  of  determination  and  record. 

It  will  be  noticed  that  between  Nos.  3  and  4  there  is  an  interval  of 
nine  months,  and  this  corresponds  with  a  considerable  increase  in  the 
minntes  necessary  to  reach  +0.  This  probably  indicates  an  actual 
decrease  in  the  inverting  power  of  the  solution,  as  a  slight  precipita- 
tion took  place  during  this  period. 

It  is  with  the  above  solution  that  practically  all  our  investigations 
on  the  hydrolytic  power  of  invertase  were  conducted.  We  called  it 
the  *'  A  '^  sample  of  invertase,  and  the  method  of  its  preparation  iis  givenr 
nnder  the  heading  *'  Separation  of  invertase  from  Yeast  Licpor.*' 

In  oonoliading  thiB>  description  of  our  method  of  estimating  the^ 
activity  of  a  material  containing  invertase,  we  should  like  once  more^ 
to  state  that  when  we  use  the  expression  ±^0  =  s  minutes,  we  mean 
that  the  given  inverting  material  takes  x  number  of  minutes  to  do  a 
certain  standard  amount  of  inversion  «nder  certain  standard  condi- 
tions. What  these  standards  are,  and  why  we  chose  them,  we  have 
already  described.  We  may  further  state  that  the  number,  ar,  ob- 
tained by  our  method  is  a  perfectly  reliable  number,  and  that  it  varies 
in  inverse  proportion  to  the  amount  of  invertase  contained  in  the 
material  or  materials  under  examination. 


Pabt  m. — The  Pbbpabation  of  Invertase. 
Liquefaction  of  Yeast, 

Having  clearly  shown  the  method  by  which  a  quantitative  ex- 
pression can  be  given  to  the  function  of  invertase,  and  thus  esta- 
blished a  factor  for  describing  the  relative  quantity  of  (he  substance 
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in  different  materials  or  preparations,  we  now  proceed  to  deacnbe 
our  efforts  to  prepare  it  in  a  pnre  state.  A  sample  of  brewers' 
ordinary  pressed  top  fermentation  yeast  was  obtained  from  Messrs. 
Bass  &  Co.  The  inverting  activity  was  estimated  by  tbe  method 
before  described,  and  it  was  fonnd  to  be  ±  0  =  2020  minutes.  The 
jreast  was  then  allowed  to  stand  at  a  temperature  between  15**  and 
^0°  for  seven  da^s.  At  tke  end  of  this  time  it  had  become  a  thick, 
yellow  liquid ;  the  smell  arising  from  it  was  not  disagreeable,  and  it 
was  ^evident  that  the  change  occurring  was  not  ordinary  patrefac- 
"tion.  It  was  thrown  upon  a  filter,  when  a  clear,  yellow  liquid 
filtered  through.  The  strength  of  this  was  found  to  be  +  0  =  7100', 
so  that  it  only  possessed  about  80  per  cent,  of  the  power  of  the 
original  yeast.  The  soft,  yeasty  mass  remaining  on  the  filter  was 
pressed  between  blotting-paper,  and  then  its  strength  was  found  to* 
be  ±  0  =  1020',  or  twice  that  of  the  original  yeast.  This  shows  that 
although  the  yeast  had  given  up  most  of  the  water  it  contained,  yet 
the  greater  part  of  the  active  agent  was  still  confined  to  the  cells. 

The  partially  dry  residue  was  left  £or  another  10  days  at  the  same 
temperature  as  before,  and  was  then  made  up  with  water  to  the  same 
bulk  as  the  original  yeast  occupied  after  it  became  liquid.  It  was 
well  mixed  and  then  filtered.  This  time  the  inverting  power  of  the 
filtrate  was  ±  0  =  1470',  which  shows  that  tke  yeast  oells  now 
allowed  tbe  invertase  to  pass  freely  out  of  them ;  indeed,  there  is 
an  apparent  increase  in  the  ^amount  of  invertase  present,  even  after 
allowing  for  the  separation  of  the  .insoluble  portions  of  the  yeast;  this 
is  always  the  case,  as  will  be  shown  further  on. 

Another  sample  of  yeast  was  obtained,  this  time  from  a  stout 
brewing,  also  by  Bass  &  Co.  The  activity  was  estimated  by  the 
method  before  described,  as  follows : — 50  grams  of  cane-sugar  was 
dissolved  to  nearly  250  c.c.  of  solution,  and  the  temperature  adjusted 
in  the  constant  bath  to  54°.  At  9.*^5  a.m.,  05  gram  of  the  pressed 
yeast  was  added  and  thoroughly  mixed.  It  was  now  without  delay 
fairly  equally  divided  among  five  beakers  of  equal  size,  placed  in  the 
bath,  and  varying  amounts  o/  sulphuric  acid  added.*  At  11.31  a.u^ 
116  min.  from  the  start,  the  reaction  was  stopped  by  adding  a  few 
drops  of  potash  solution  to  each  beaker,  care  being  taken  that 
each  one  was  alkaline.  The  beakers  were  then  placed  on  one  side 
to  cool.  When  cold,  each  one  was  made  up  to  50  c.c,  a  little  of  the 
solution  passed  through  a  filter,  and  the  optical  activity  taken. 


*  Id  fftses  where  the  inverting  power  of  the  preparation  is  approximately  known, 
it  w  not  always  neoeesaiy  to  make  the  preliminaiy  trial  of  Beaker  3,  which  we 
described  under  the  previous  heading.  We  omitted  it  in  this  and  most  of  the  fol* 
lowing  estimations. 
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Beaker. 

Cm.  decmormal  H^04. 

1 

nil 

2 

0] 

3 

016 

4 

0-2 

6 

0-3 
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Beading  in  100  mm. 
optical  actiyitj  tube. 

+  3-9 

+  6-4 

+  8-0 

4-  9-6 

+  12-2 

•    From  this  it  will  be  seen  that  Beaker  1  was  in  approximately  the 

most  favonrable  condition  as  regards  acidity.    The  difference  between 

2  and  5  is  6*8  div.,  or  3*'4  div.  per  0*1  c.c.  deoinormal  sulphuric  acid; 

whilst  between  1  and  2  it  is  only  1*5  for  the  same  amount  of  acid; 

A  glance  at  Plate  lY  (page  858)  will  show  that  the  cnrve  is  a  very 

sharp  one,  and  there  is  no  doubt  that  Beaker  1  was  about  at  the  top, 

and  it  was  only  necessary  to  calculate  the  results  obtained  from  it. 

The  reading  -|-  3'9  represents  66'6  per  cent,  inverted,  (384  —  3*9) 

-h  0-518  =  66-6. 

Q6'6  per  cent,  inverted,  referred  to  the  time  curve  (see  Plate  I),  gives 

10-4  T  (T  =  time  units).     On  the  same  curve  ±  0  =  127  T.     Now 

the  10-4  T  took  116' ;  how  many  will  12'7  T  require  ? 

10-4  :  127  ::  116  :  1417. 

We  must  still  multiply  by  7*5  to  compensate  for  the  temperature* 
141  7  X  7*5  =  1063.  The  freshly  pressed  yeast  had,  therefore,  an 
activity  ±  0  =  1063'. 

The  yeast  was  placed  in  a  covered  beaker  and  allowed  to  stand 
for  a  month  at  a  temperature  of  15 — 20^*  At  the  end  of  this  time  it 
was  quite  liquid,  but  the  smell  was  not  at  all  disagreeable.  Its 
activity  was  determiued  again  in  the  same  manner  as  before,  but,  as 
we  had  the  former  experiment  to  guide  us,  only  two  beakers  instead 
of  five  were  used.  The  time  was  131',  and  the  results  were  as 
follows : — 

Beaker.  O.c.  decinormal  KSSO4.    Beading  in  100  mm.  tube. 

1  nil  —3-4  div. 

2  01  -3-5   „ 

The  acidity  was  evidently  at  the  most  favourd.ble  point.  The  obser- 
vation made  for  Beaker  2  was  calculated  as  before. 

—3-5  div.  =  809  per  cent,  inverted  =  15  7  T. 
Then  157  :  127  ::  131'  :  106'. 

106  X  7-6  =  795'. 

So  that  the  pressed  yeast  which  when  fresh  had  an  activity  +  0  = 
1063'  had  increaaed  its  power  on  standing  a  numth  to  +  0  ==  795'*    * 
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It  will  be  noticed  tliat  in  this  case  also  there  is  an  apparent  increase 
in  the  inyertase  of  yeast  on  standing.  Evidently  this  increase  must 
either  really  take  place,  or  else  our  method  of  estimating  the  inver- 
tase  of  fresh  yeast  does  not  give  sufficiently  high  resulto.  We  do  not 
deny  that  the  former  explanation  is  very  probable,  but  we  are  in* 
clined  to  attach  more  importance  to  the  latter,  because  we  hare 
noticed  that  when  the  yeast  in  the  liquefied  mass  is  quite  dead,  and, 
therefore,  presumably  incapable  of  forming  invertase,  a  further 
apparent  increase  of  this  substance  is  caused  by  filtering.  We  give  an 
example  of  this  later  on.  Whichever  be  the  true  explanation  of 
the  increase,  we  can  say  with  confidence  that  the  I'esnlts  obtained 
by  our  method  of  estimating  the  inverting  activity  of  yeast  are 
constant  numbers,  and  perfectly  comparable  among  themselves. 

It  is  evident  from  the  above  that  sound  pressed  yeast  does  not 
putrefy  on  keeping,  as  has  generally  been  supposed.  Pressed  yeast 
from  winter  brewings  kept  for  a  month  at  a  temperature  of  22* 
becomes  very  liquid,  but  is  free  from  bacteria  except  on  the  surface, 
where  there  is  a  comparatively  small  growth  of  bacilli,  which  causes 
it  to  darken.  Underneath  this  the  yeast  retains  its  original  colour 
and  smell.  We  have  known  summer-grown  yeast  under  the  same 
conditions  to  develop  large  quantities  of  acetic  acid  white  liquefying, 
but  apparently  there  was  no  other  change.  A  microscopical  examina- 
tion at  this  stage  shows  that  the  yeast  cells  have  shrivelled  up  into  a 
comparatively  small  bulk,  whilst  their  outline  is  irregular  and  ill- 
defined.  The  cell  wall  has  almost  entirely  disappeared,  but  the  large 
majority  of  the  cells  are  unbroken.  The  vacuole  occupies  practically 
the  whole  of  the  interior  of  the  cell,  and  the  granulations  are  very 
marked,  being,  in  fact,  by  far  the  most  distinct  feature  of  it.  There 
are  at  times  a  few — a  very  few — ^bacteria  present,  resembling  BadUut 
suhtiUs,  In  great  contrast  to  the  shrivelled  yeast  cells,  there  aro 
a  few  cells  that  seem  to  have  changed  very  little;  their  walls  are 
dark  and  thick,  and  they  themselves  are  round.  Nearly  the  whole 
of  the  interior  of  these  cells  is  occupied  by  the  vacuole,  but  there 
are  absolutely  no  granulations.  These  cells — comparatively  few  in 
number — stand  out  very  distinctly  from  the  rest,  and  as  no  inter- 
mediate stages  are  to  be  seen,  it  seems  probable  that  they  are  a  dis- 
tinct species. 

Kept  for  a  longer  time,  say  a  couple  of  months,  a  growth  of  blue 
mould  slowly  appears  on  the  surface  of  the  liquid  yeast;  but  this 
does  not  seem  to  impair  the  activity  of  the  invertase.  The  yeast 
liquor,  as  we  call  the  fluid  obtained  from  the  liquefied  yeast,  soon 
assumes  a  somewhat  darker  tint,  but  shows  no  other  sign  of  decom- 
position. This  immunity  from  putrefaction  is  probably  partly 
due  to  the  concentration  of  the  solution,  as  dilution  with  water 
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canses  it  to  become  black  and  putrid.  We  have  seen  a  sample  of 
yeast  that  was  washed  at  the  end  of  the  first  seven  days,  and  then 
pressed,  become  black  and  smell  badly,  in  a  short  time,  whilst 
almost  the  whole  of  the  inverting  power  disappeared.  The  sp.  gr. 
of  the  liquid  mixed  with  the  dead  yeast  cells  is  about  1080;  this 
concentration  alone  would  not  be  sufficient  to  prevent  putrefaction ; 
there  must,  therefore,  be  some  antiseptic  present.  No  doubt  the 
hop  resins  present — the  yeast  is  always  exceedingly  bitter — ^act  as  a 
preservative.  If  at  the  end  of  seven  days  from  the  start,  30  per  cent, 
of  absolute  alcohol  is  added,  no  further  change  takes  place ;  the 
jreast  cells  do  not  give  up  theii*  invertase,  and  filtrates  obtained 
later  are  only  slightly  active. 

The  following  experiment  shows  quantitatively  the  distribution  of 
the  invertase  during  the  liquefaction  and  filtration  of  yeast : — 

Some  yeast  from  an  ale  of  or.  gr.  1068  was  pressed  and  allowed  to 
liquefy  for  a  month.  At  the  end  of  that  time  its  activity  was  esti- 
mated, with  the  following  results : — 

Beaker.        C.c.  deoinormal  H2SO4.     BeadiogB  in  100  mm.  tube. 

1  nil  +11-3  div. 

2  .01  4-  9-7    „ 

3  0-2  -hlO-5    „ 

Time,  3.38  to  5.40  =  122  min.  Temperature,  54®.  Calculation  for 
No.  2  beaker,  +  9'7  divisions  =  55'4  per  cent,  inverted  =  7*7  time 
intervals. 

7-7  ;  12-7  ::  122  :  201. 

201  X  7-5  =  1508. 

±  0  =  1508'. 

The  water  in  the  [liquefied  mass  was  also  estimated.  Weight 
taken,  1*466  grams.  After  drying  it  was  0'400  gram  =  27*2  per 
cent,  of  solids  and  72'8  per  cent,  of  water. 

The  liquid  was  filtered.  The  filtrate  or  yeast  liquor  was  slightly 
alkaline,  and  gave  the  following  results  : — 

Beaker.  Co.  deoinormal  H2SO4.    BeadingB  in  100  mm.  tube. 

1  0-05  -h4-8 

2  015  +50 

f  ime,  3.24  to  6,31  =  127'.     Temperature,  54'. 
Calculation  for  No.  1  beaker. 

+4*8  divisions  =  64'9  per  cent,  inverted  =  9-9  T. 
9-9  :  12-7  ::  127  :  163, 
163  X  7-5  =  1223. 
The  activity  of  the  yeast  liquor  was  therefore  ±  0  =  1228'. 
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We  estimated  the  total  solids.  Solution  taken,  4*17  grams.  Solids 
dried  at  lOO**  =  0*933  gram.    Ash  =  0*109. 

This  is  equal  to  22*4  per  cent,   total   solids    containing  2*6  per 
cent,  of  ash  and  19*8  per  cent,  of  organic  matter. 
We  have  then  the  following  comparison : — 

Liquefied  yeast.  Teast  liquor. 

Inverting  power 1508*  1223' 

Water 72*8  per  cent.  77*6  per  cent. 

Solids 27*2        „  22*4 

Now  if  77*6  grams  of  water  hold  22*4  grams  solids  in  solution, 
72*8  would  hold  21*0  grams. 

77*6  :  72*8  : :  22*4  :  21*0. 

This  leaves  6'2  grams  solids  (27*2  —  21*0)  in  an  undissolved  state 
in  the  liquefied  yeast  =  22*8  per  cent,  on  the  total  solid  matter.  From 
this  we  can  calculate  what  we  should  expect  the  inverting  activity 
of  the  yeast  liquor  to  be  by  simply  allowing  for  the  6*2  per  cent,  of 
undissolved  solids  in  the  liquefied  yeast. 

100  :  93-8  ::  1508  :  1414.    ' 

Calculated  activity  of  yeast  liquor +  0  ^  1414' 

Actual  „  „  * ±  0  =  1223' 

.    So  that  there  was  a  considerable  increase  in  activity  on  filtration, 

as  has  been  already  pointed  out. 

We  now  have  the  following  figures  for  the  yeast : — 

Water *      72*8  per  cent. 

Dissolved  solids 21*0         „ 

Undissolved  solids.  • « 6*2         „ 


100*0 

Inverting  power  of  the  liquefied  yeast +  0  =  1508* 

„            „       calculated  for  the  yeast  liquor  +  0  =  1414' 

„       found             „                 „  ±  0  =  1223' 

The  solution  thus  derived  from  yeast  has  a  somewhat  high  colour, 
which  increases  slightly  on  standing.  Its  odour  is  not  unpleasant,  by 
no  means  reminding  one  of  putrefaction.  If  prepared  from  yeasts 
obtained  from  Winter  brewings,  it  is  always  slightly  alkaline,  but  in 
summer  it  sometimes  contains  a  considerable  amount  of  acetic  acid. 
It  will  keep  for  a  long  time  unchanged  and  without  any  marked 
diminution  of  its  inverting  power,  but  in  time,  if  left  exposed,  blue 
mould  grows  on  it,  especially  in  summer.*   It  throws  down  a  precipi- 

**  Since  writing  the  abov^  we  have  examined  a  sample  of  yeast  liquor  prepared 
nearly  a  year  ago,  and  kept  since  then  in  a  stoppered  bottle.  There  i»  a  small 
growth  of  mould  on  the  surf^we,  otherwiM  it  is  still  perfectly  sound  aoid  acti?*. 
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soiling'.  It  is  partly  precipitable  by  alcohol,  and  it  yields 
ilexit  copper  compoimd  described  farther  on.  We  have  taken 
fie  g^ravities  of  three  different  samples  of  yeast  liqnor  as  fol- 
L,  1082  ;  B,  1076 ;  0,  1080 ;  but  they  natnrally  contain  a 
:>liol. 

Serration  of  Invertase  from  Yeast  Liquor, 

Lg  tlms  far  demonstrated  that  the  whole  of  the  inverting 
Ml  be  obtained  in  the  yeast  liquor  by  the  method  described, 
t  step  -was  to  determine  whether  the  solid  matter  in  solution 
liqnid  could  be  fractionated  without  loss  of  inverting  power, 
eptember,  1887,  some  pressed  yeast  was  kept  for  11  days  at 
erature  of  13*^  to  15°.  It  was  then  well  mixed  up.  After 
.g  for  a  few  hours,  a  little  clear  liquid  again  showed  itself 
surface.  A  portion  of  this  was  sucked  up  in  a  pipette,  and  its 
ng  power  determined  by  the  side  of  that  of  a  sample  of  the 
ixed  mass  of  liquefied  yeast.  The  resolts  were — supernatant 
±  0  =  4000' ;  the  mixed  liquid  yeast  ±  0  =  2020'.  It  was 
tly  not  yet  nearly  ready  for  filtration. 

Be  days  later — 14  days  from  the  start — the  activity  was  again 
ted  as  before.     The  supernatant  liquid  gave  +0  =  2410' ;  the 

liquefied  yeast,  1660'.  This  also  shows  the  increase  in  the 
ing  activity  of  the  liquefied  yeast  already  remarked  upon, 
iquefying  mass  was  now  allowed  to  stand  for  two  months 
p ;  at  the  end  of  that  time  it  was  well  stirred  up  and  filtered. 
Luvertive  power  of  the  filtrate  was  found  to  be  +  0  =  1200', 
showing  a  higher  activity  than  the  whole  mixture  had  at  the 
i  14  days.  We,  therefore,  considered  that  we  had  the  invertase, 
kst  in  greater  part,  in  solution. 

the  filtrate,  sufficient  alcohol  was  added  to  produce  a  precipi- 

this  was  allowed  to  deposit.  The  alcoholic  solution  was  de- 
id  off  the  semi-liqnid  precipitate,  and  the  activity  of  both  was 
lated.  Alcoholic  solution,  +  0  =  14100' ;  thick  semi-liquid  pre- 
ate,  +  0  =  370'.*  The  alcohol  was  evidently  not  quite  strong 
igh  to  precipitate  the  whole  of  the  invertase,  though  the  amount 
wning  in  solution  was  very  small,  as  was  indicated  by  the  invert- 
activity.  The  precipitate  was  dissolved  in  the  least  possible  c|uan- 

of  water,  and  the  solution  filtered  and  put  by  with  a  little 
ihol  in  a  stoppered  bottle.  The  solution  contains  13*6  per  cent,  of 
SkTiic  matter  and  1*7  per  cent,  of  ash.f     It  is  with  this  solution 

Probably  the  real  activity  was  greater  than  this.    At  the  time  this  experiment 
made,  we  were  not  aware  that  it  was  neoessarj  to  estimate  the  actiyity  under 
most  f arourable  conditions  of  acidity. 
We  ihall  nfer  to  this  m  th^  "  A  "  snmpie  of  invertase. 
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that  nearly  all  oar  experiments  on  the  hydroljtic  action  of  inveriaiie 
have  been  done.  Its  strength  at  different  periods  is  given  in  Table 
XXI  (p.  868). 

The  following  is  a  more  detailed  acoonnt  of  the  preparation  of  in- 
vertase  from  yeast  liqnor.  The  whole  experiment  was  quantitative, 
and  the  inverting  power  was  carefully  followed  to  show  that  none  was 
lost  during  the  purification. 

.  The  yeast  liquor  employed  vras  the  last  described  nnderthe  beading 
**  The  Liquefaction  of  Yeast;"  its  inverting  power  was  there  shown 
to  be  +  0  =  1223'.  It  will  be  remembered  that  this  estimation  was 
not  done  at  the  standard  temperature  of  15*5°,  but  at  54°,  and  an 
allowance  made  for  the  difference.  It  was  thought  wise  to  do  another 
estimation  under  standard  conditions. 


Beaker. 

Co.  decinonnal  H^O^. 

Beading  in  100  mm.  tube. 

1 

0-4 

+  1-0 

2 

0-6 

+0-5 

3 

0-9 

+0-1 

I'ime,  3.30  to  5.31  =  121'.  Temperature,  15-5*  (standard).  Sucrose, 
30  grams  in  150  c.c.  solution.  Amount  of  invertase  solution  used, 
3  grams  =  10  times  the  standard  quantity.  No.  3  beaker  was  evi- 
dently at  about  the  most  favourable  acidity,  and  as  the  reading 
was  practically  +  0,  it  only  remains  to  multiply  the  minutes  by  10 
to  allow  for  the  amount  of  the  invertase  solution  used,  and  we  get 
+  0  =  1210'.  Comparing  this  with  the  number  we  got  at  54", 
+  0  =  1223',  we  find  an  agreement  so  close  that  it  shows  in  a 
striking  manner  the  accuracy  of  the  method  of  estimation. 

The  sp.  gr.  of  the  solution  was  1080.  The  total  solids,  we  have 
already  seeu,  amounted  to  22*4  per  cent.,  of  which  2*6  per  cent,  was 
ash,  and  19*8  per  cent,  organic  matter.  On  100  c.c,  weighing  108 
grams,  this  would  amount  to  24*2  (22*4  x  1*08)  grams  total  solids, 
consisting  of  2*8  grams  ash  and  21*4  grams  organic  solids.  This  is 
more  than  might  be  expected  from  the  gravity,  but  there  is,  no 
doubt,  a  considerable  amount  of  alcohol  in  the  solution.  Its  in- 
verting power  was  +  0  =  1210',  which,  reckoned  on  the  organic 
solids,  is  equal  to  ±  0  =  240'  (100 :  19-8 :  :  1210 :  240). 

100  c.c.  of  this  yeast  liquor  was  now  precipitated  very  slowly,  and 
with  frequent  pauses,  with  alcohol  of  70  per  cent.  (0  87).  As  soon  as 
a  precipitate  appeared,  the  solution  was  allowed  to  stand  for  a  couple 
of  hours,  and  then  some  more  alcohol  of  the  same  strength  was  added, 
and  so  on,  until  no  further  precipitate  was  produced.  By  this  means 
the  precipitate  was  obtained  in  a  finely-divided  state,  and  with  a  mini- 
mum of  impurities.  The  solution  was  allowed  to  stand  for  two  days, 
and  then  it  was  decanted  and  the  precipitate  washed  several  times 
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by  decantation  with  47  per  cent.  (0*926)  alcohol.  It  was  then  thrown 
on  to  a  filter,  and  again  washed  with  the  same  alcohol  and  allowed 
to  drain.  The  washed  precipitate  was  carefully  transferred  to  a 
beaker  and  made  np  with  water  to  100  c.c.  It  was  by  no  means 
all  soluble ;  a  light,  finely  divided,  and  slightly  coloured  precipitate 
remained.  It  was  well  mixed  with  the  solution,  and  the  total^olids 
estimated.  3'425  grams  of  solution  gave  0*144  gram  dried  at  100°, 
of  which  0018  gram  was  ash.  This  gives  for  the  whole  of  thci 
turbid  solution  3'68  grams  organic  solids  and  0'53  gram  ash.  So  the 
matter  which  had  been  discarded  in  the  alcohol  amounted  to  17*72 
grams  organic  solids  (21*4  —  8*68)  and  2*27  grams  ash  (2*8  —  0*53). 

The- turbid  liquid  was  now  filtered,  and  the  insoluble  portion  dis« 
carded  without  washing.  It  consisted  of  yeast  alhuminoid,  and  is 
described  under  that  heading. 

The  filtrate,  after  the  separation  of  this  insoluble  albuminoid,  was 
^lear  and  almost  colourless ;  it  readily  yielded  the  characteristic 
copper  compound  which  we  shall  describe  fully  later  on. 
«  Estimation  of  total  solids  and  ash  in  the  clear  solution : — 3*300 
grams  solution  gave  0*071  gram  total  solids  dried  at  100°  and 
0*011  Ash,  leaving  0*060  gram  of  organic  solids.  This  gives  1*82 
cent,  of  organic  solids  and  0*33  per  cent,  of  ash. 

So  that  the  insoluble  albuminoids  which  we  had  filtered  out  con- 
sisted of  1*86  grams  (3*68  —  1*82)  organic  solids,  and  of  0*2  gram 
(0-63  -  0-33)  ash. 

The  optical  activity  of  the  organic  solids  in  solution  was  [«]/  =  ■+-  74°. 
The  inverting  power  was  estimated  under  standard  conditions,  but 
with  10  times  the  standard  weight  of  the  solution. 


Beaker. 

0.0.  deoinormal  H^O^. 

Beading  in  100  mm.  tube. 

1 

0-6 

-1-5 

2 

0-9 

-0-8 

3 

1-2 

+1-0 

Tii^e,  2-48  to  5*19  =  151'.  The  calculations  for  Beaker  1  are 
•— 1'5  =s  77  per  cent,  inverted. 

This  is  equal  to  13*9  T.    13-9  :  12*7  ,%•  151  :  138. 
138  X  10  =  1880. 
±0=1380'. 

This,  calculated  on  the  organic  solids  in  the  s6lntion,  glves-^' 
±  0  =  251'  (100  :  1*82  ::  1380  :  25*1). 

We  can  now  calculate  how  much  of  the  inverting  power  has  been 
lost  during  these  processes.  As  the  volume  of  the  purified  solution 
was  the  same  as  that  of  the  yeast  liquor  used,  the  inverting  activity 
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of  the  two  should  agree  if  no  invei'ting  power  was  lost.  The  yeast 
liquor  had  an  activity  of  +0  =  1210',  the  purified  solution 
-f  0  =  1380',  showing  a  loss  of  12*3  per  cent,  of  the  total  inverting 
power. 

This  is  a  most  satisfactory  result  when  we  take  into  consideration 
the  fact  that  precipitation  by  alcohol  has  a  strong  tendency  to  destroy 
invertase,  as  will  presently  be  seen.  We  must  also  remember  that 
nearly  pure  solutions  of  invertase  will  not  long  retain  their  activity, 
as  will  be  shown  later. 

Under  these  circumstances  the  loss  of  12*3  per  cent,  of  the  in- 
vertive  power  must  be  considered  small  and  such  as  can  be  fairly 
attributed  to  the  treatment ;  hence,  we  have  satisfactorily  proved  that 
all  the  invertase  originally  present  in  the  yeast  is  contained  in  the 
clear  filtrate  described. 

In  Table  XXII  the  constitution  of  the  100  c.c.  yeast  liquor  and  of 
the  yeast  whence  it  was  derived  is  given. 

The  ash,  which  is  principally  a  mixture  of  potassium  and  magne- 
sium phosphates,  is  all  put  together,  as  its  presence  in  the  various 
precipitates  and  solutions  is  probably  purely  accidental,  and  depends 
on  the  amount  of  washing,  &c.,  they  have  been  subjected  to.  This 
at  least  is  the  case  with  invertase,  as  will  be  shown  later  on. 

Table  XXII. — Gompositton  of  Yeast  and  Yeast  Liquor, 


The  constituents  of  yeast. 

Per  cent,  on 

the  dry  solid 

matter  of 

the  jeast. 

Grams  per 

100  c.c.  of 

the  yeast 

liquor. 

Inverting , 
aotivitj  coJ- 
culated  on 

the  yeast 
liquor. 

Matter  Undissolved  in  Teatt  Liquor. 
Cellulose  and  other  organic  matter  .... 

Matter  Dissolved  in  Yeast  Liquor, 

Organic  matter  soluble  in  alcohol  of  47 

per  cent. 
Yeast  albuminoYd 

22-80 

56-53 

5-93 
6-81 

8-93 

17-72 

1-86 
1-82 

2-80 

none 
none 

Organic  matter  insoluble  in    alcohol, 

soluble  in  water  (invertase) 
^h 

1380' 

V. 

Total •..••...•.. 

100  00 

24-2 

1210' 

In  the  first  column  of  figures  we  give  the  amounts  of  the  con- 
stituents of  the  yeast  calculated  on  the  total  dry  solid  matter.  In 
this  case  we  have  taken  it  for  granted  that  all  the  water  in  the 
thoroughly  liquefied  yeast  holds  in  solution  an  equal  amount  of  the 
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varibns  solid  constitaents.  That  this  is  so  we  cannot  be  qaite  certain, 
as  there  may  be  a  different  solution  in  the  interior  of  the  dead  cells. 
We,  however,  believe  the  mixture  to  be  complete.  It  is  difficult  to 
see  how  the  cell  could  allow  a  non-dialysable  substance,  like  inver- 
tase,  to  escape  so  freely  without  the  rest  of  the  cell  contents  being 
equally  diffused  through  the  whole  mass.  The  ash,  too,  which,  cal- 
culated in  this  manner  comes  to  8*93  per  cent.,  agrees  very  closely 
with  the  amount  found  in  the  original  pressed  yeast,  viz.,  8'75  per 
cent. 

The  56*53  per  cent,  organic  matter  soluble  in  dilute  alcohol  and 
in  water  we  neglected,  having  satisfied  ourselves  that  it  did  not  contain 
invertase. 

•  This  sample  of  invertase,*  with  an  inverting  activity  of  ±0=25*1', 
IS  the  purest  we  have  ever  been  able  to  obtain.  Many  other 
preparations  were  made  in  the  same  way,  but  we  have  not  again 
succeeded  in  obtaining  one  with  an  activity  as  high  as  this ;  the 
nearest  approach  to  it  being  samples  with  an  activity  +0  =3 
27*9'  and  28*5'.  These  numberB,  however,  agree  moderately  well 
with  those  obtained  for  the  strongest  sample.  When  we  take  this 
into  consideration,  and  other  facts  to  which  we  shall  refer  later 
on,  we  believe  we  are  justified  in  concluding  that  the  solid  matter  in 
the  solution  with  the  activity  +0  =  26*1'  was  invertase  contaminated 
pimply  with  the  products  of  its  own  decomposition  from  the  12*3  per 
cent,  of  lost  activity,  and  with  ash. 

It  will  be  seen  that  by  the  above  method  we  have  a  ready  means  of 
obtaining  large  quantitias  of  invertase.  At  one  time  we  prepared 
1  kilo,  of  dry  invertase  for  the  purpose  of  this  work :  but  as  we  did 
not  know  its  properties  so  well  then  as  we  do  now,  the  preparation 
was  not  nearly  so  active  as  the  above,  though  we  have  reason  to 
Jbelieve  that  the  only  impurities  were  the  ash  and  the  products  of  the 
decomposition  of  the  invertase.  In  the  preparation  of  this  we 
proceeded  as  follows  : — 

.  A  small  unheaded  cask  was  filled  about  two-thirds  full  of  pressed 
yeast  and  allowed  tio  stand,  covered  with  a  towel,  in  a  warm  place  for 
a  month.  The  liquid  mass  was  then  passed,  in  small  portions  at  a  time, 
through  a  screw  filter-press.  This  is  a  matter  of  time,  as  the  solution 
only  comes  out  with  great  slowness — even  under  considerable  pressure. 
As  the  clear  solution  was  obtained,  alcohol  was  added  to  raise  the 
whole  to  a  47  per  cent.  (0*925)  solution  of  absolute  alcohol,  and  the 
mixture  allowed  to  stand  for  two  days.  At  the  end  of  that  time  the 
supernatant  liquid  was  quite  inactive.  Stronger  alcohol  only  brings 
down  more  ash^    This  liquid  lyas  decanted  o£E  and  discarded,  and 

f  We  shall  refer  to  t^  as  the  **  B  **  sample  of  invertase. 

Digitized  by  VjOOQ  iC 


880  O'SULLIVAN  AND  TOMPSON:  INVERTASE. 

the  precipitafce  allowed  to  settle  in  tall  vessels.  To  this  dense 
precipitate  a  little  water  was  slowly  added  nntil  it  became  pasty, 
showing  that  the  invertase  was  redissoWed.  This  was  dilated  with 
some  28  per  cent,  alcohol  (0*960),  and  the  whole  well  mixed  to 
ensnre  there  being  no  lumps.  Alcohol  of  this  strength  is  necessary 
— among  other  reasons — ^to  get  the  large  insoluble  precipitate  of 
albamino'id  into  such  a  state  that  it  will  not  stop  up  the  filter.  The 
mass  was  then  thrown  on  to  a  filter,  allowed  to  drain,  and  washed 
with  28  per  cent,  alcohol.  The  filtrate  was  clear,  and  not  much 
coloured ;  it  was  again  made  up  to  an  alcoholic  strength  of  47  per 
cent. ;  the  precipitate  thus  obtained  was  dehydrated  with  absolute 
alcohol,  and  dried  in  a  vacuum  over  sulphuric  acid,  and  powdered. 
The  straw-coloured  powder  so  obtained  did  not  redissolve  to  a  clear 
solution,  and  it  contained  5*1  per  cent,  of  ash.  The  analysis  of  the 
body  free  from  ash  was  as  follows  : — N  =  6*2  per  cent.,  0  =  46'5  pCT 
cent.,  H  =  6 '9 1  per  cent.  When  first  made  it  was  very  active,  but  in 
a  few  months  its  activity  completely  disappeared,  and  the  powder  was 
only  partly  soluble. 

This  large  bulk  was  used  in  the  preparation  of  most  of  the  mem- 
bers of  the  inyertan  series.* 

Since  making  the  above  preparation  we  have  made  many  experi* 
ments  with  a  view  to  obtain  invertase  in  a  greater  state  of  purity. 
We  have  always  found  that  every  precipitation  by  alcohol  means 
some  loss  of  inverting  power:  and  we  shall  presently  show  that 
when  the  invertase  approaches  a  pure  state,  precipitation  by  alcohol 
destroys  it  entirely.  We  have,  therefore,  tried  the  effect  of  pre- 
cipitating only  once,  and  then  thoroughly  washing  the  precipitate 
with  0*920  alcohol.  This  we  have  found  by  far  the  most  effective 
method.  If  alcohol  weaker  than  0'920  is  used  it  generally  destroyB 
the  invertase ;  and  if  the  yeast  liquor  is  precipitated  very  slowly  in 
fractions,  the  result  is  often  the  same. 

The  mode  of  procedure  we  have  found  most  effective  in  obtaining 
the  highly  active  preparations  of  invertase  is  as  follows : — ^Teast  is 
allowed  to  liquefy  for  at  least  a  month  in  a  fairly  warm  room.  It  is 
better  not  stirred,  as  the  surface  may  become  mouldy  or  putrid  if  the 
yeast  has  not  been  well  pressed.  At  the  end  of  this  time  the  surface 
is  removed,  and  any  liquid  on  the  top  poured  away ;  as  far  as  our 
experience  goes,  the  lower  part  will  be  found  to  be  perfectly  sound. 
This  is  thrown  on  to  a  quick  filter,  and  after  a  couple  of  days  the 
yeast  liquor  will  have  drained  from  it. 

To  the  clear  filtrate,  alcohol,  sp.  gr.  0*870,  to  the  extent  of  1} 
times   its  bulk  is   gradually  added,    with  vigorous  and  continued 

•  We  shall  refer  to  thia  as  the  *'  C  "  sample  of  invertase. 
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stirring ;  in  this  way  a  preciipitote  is  ol^tsined  ^hicb  ean  be  easily 
cashed.  A^teft*  this  miixing,  'vhich  ahouid  take  abonii  half  an  hoar.,  .the 
solution  is  allowed  to  stand  for  24  hours.  The  light  precipitate  will 
then  have  settled,  and  should-  be  washed  on  ;this  ai^id  several  E|Le.e^- 
sive  days  by  decantation  with  0:920  alcohol.  When  ^he  washings 
become  nearly  oolourjess,  tibe  precipitate  is  ,thnwn  on  to  a  filter  a^id 
allowed  to  drain,  and  immediately  taken  off,  and  aga^  mixed  witih 
a  large  bulk  of  0*9^0  alcohol.  The  precipitate  is  again  coUectte^; 
the  filtrate  should  be  colourless..  The  residi;Le  jis  mi^ed  with  its  own 
bqlk  of  water  and  some  0'970  alcohol.  It  is  thoroughly  incorpgrateij, 
ajtlowed  to  stand  for  a  few  hours,  and  then  thrown  osx  a  filter.  The 
filti>ate  contains  the  invertasc).*  The  residue  om  the  fitter  may  he 
taken  ofiT  and  washed  again  with  0'j970  alcohol^  bint  the  ^sultixii; 
invtf  tase  is  less  puce. 

We  have  tried  very  many  modifieations  of  the  {bbov.e  process^  ha^ 
with  Jess  satisfactory  residt^. 

In  this  maimer  we  hfbve  made  the  ioUowiLng  pr^paratip^a  |cr 
anajyais  :-- 

.Sample  Q,  stcengtti  . . •  •  .^     ±Q^  33 r 
„       £19         „         ^A  •  •  •  •      ^0;?:  28*5 

Another  sample  was  prepaiied  by  a  slightly  modified  process  as 
follows:— The  first  p]:ecipitation  was  effected  with  great  rapidity.; 
the  heavy  precipitate  was  dissolved  in  yeast  liquor,  and  again  rapidly 
precipitated.  This  precipitate  was  washed  with  0'94i5  alcohol ;  but 
on  account  of  the  rapid  precipitation  we  should  expect  the  sample  to 
contain  yeast  albuminoid.  Its  actiyity  was  found  to  be  4:0  ==  32*9'. 
This  is  sample  F. 

Yet  another  sample  was  prepared  by  preeipitating  the  jeast  Uquor 
slowly,  washing  the  precipitate  by  decantation,  again  dissolving  iu 
I  part  of  yeast  liquor,  reprecipitatii^g  slowly,  redtssolvrng  the  pre- 
cipitate, precipitating  a  third  time,  ai^d  washing  as  usual.  The 
activity  of  this  sample  was  +0  =  27*9'.;  it  is  sample  Or.  On  account 
of  the  repeated  precipitations,  the  sample  probably  contained  some 
of  the  products  of  the  decomposition  of  invertase. 

A  second  sample,  prepared  in  the  «ame  way^  had  an  activity  of 
+0  =  33'4',  and  it  was  called  sample  H. 

The  analyses  of  these  samples  will  be  found  in  Part  Xy,  under  the 
heading  "  p^Invertcm  or  Invertase" 

If  a  preparation  of  active  inyertase  is  required  to  bekept  jfor  use  when 
wanted,  it  is  probably  best  to  do  so  in  the  fcjrm  of  yeast  liquor  (see 
footnote,  p.  874),  and  either  use  it  direct. or  f»reoipitate  when  required. 

*  We  have  not  suooeeded  in  preqipitating  myertaae  from  this  solution,  as  any 
attempt  in  this  direction  .renders  it  inactive. 
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Separation  of  the  Ash. 

It  will  be  noticed  that  in  all  the  preparations  of  invertase  hitherto 
made  there  was  a  large  amount  of  ash.  This  consisted  of  potassium  and 
magnesium  phosphates,  and  the  question  arose  whether  it  was  an 
integral  part  of  invertase  or  only  an  impurity.  It  was  found  to  be  im-* 
possible  to  separate  it  from  the  invertase  by  means  of  precipitation  with 
alcohol,  except  by  many  precipitations  in  an  acid  solution,  and  in  the 
meantime  the  inverting  power  had  quite  disappeared.  Recourse  was 
therefore  had  to  dialysis,  and,  as  it  was  found  that  dilute  hydrochloric 
acid  had  no  injurious  effect  on  invertase  in  solution,  the  dialysing  solu* 
tion  was  kept  constantly  acid.  Each  day  the  dialyser  and  its  contents 
was  weighed,  and  the  inverting  power  was  calculated  as  if  nothing 
had  dialysed  out.  Under  these  conditions  the  inverting  power 
should  remain  a  constant  figure,  provided  there  was  no  change  in  the 
quantity  of  invertase.  Unfortunately  these  experiments  were  done 
before  the  influence  of  the  presence  of  very  minute  traces  of  acid  was 
understood,  and  this  influence  was  intensified  by  the  estimations  being 
made  at  h4S*.  Thej  are,  therefore,  not  very  regular,  and  one  esti- 
mation is  a  long  way  out,  due*  no  doubt  to  a  slight  excess  of  hydro- 
chloric acid,  but  on  the  whole  they  are  quite  near  enough  for  the 
purpose  in  hand.  The  invertase  preparation  used  contained  4*6  per 
cent,  of  water  and  8*05  per  cent,  ash  on  the  dry  substance,  80  grams 
was  taken  =  28*6  grams  dry  invertase,  and  containing  2'3  grams  ash 
(28*6  X  '0805).  The  water  outside  the  dialyser  was  always  found  to 
be  inactive.  The  organic  matter  and  ash  were  estimated  in  it  each 
day.     The  following  table  gives  the  results  of  the  experiment : — 

Table  XXIII. — The  Separaticm  of  the  Ash  hy  Dialysis. 


Time. 

Passed  through  dialyser. 

Inyorting  actiyity  of  the 
solution  ^culated  on  the 

Organio  matter. 

Ash. 

whole  original  substance 
±0-      . 

1  day  ....••• 

oooo 

0-714 
0-402 
0-282 
0-168 

64' 

2  days ....»»»»» 

50" 

ly :::.::::: 

4    , 

66' 
48' 

Total4dA78 

1-980 

1-566 

— 

The  invertase  originally  contained  2-3    grams  of  ash,   so   that 
0'7S  gram  is  left ;  this  is  equal  to  2*9  per  cent,  on  the  remaining 


Digitized  by  VjOOQIC 


O'SULLIVAN  AND  TOMPSON:  INVERTASB. 


883 


solid  matter.  The  redaction  of  the  ash  to  2'9  per  cent.*  on  the  total 
solid  matter  has,  in  this  case,  had  no  appreciable  influence  on  the 
inverting  power,  but  it  was  advisable  to  try  the  effect  of  a  still 
greater  reduction , 

With  this  view  the  experiment  was  repeated  with  the  same 
amount  of  the  same  preparation  of  inrertase,  and  the  dialysis  was 
continued  for  a  longer  time. 

Table  XXIV.— T^  Separatum  of  the  Ash  by  Dicdysis^ 


Fassed  through  dialyier. 

Inverting  addyity  of  the 
contents  of  dialyser  calcu* 

Time. 

Organic  matter. 

ABh. 

original  substance 
dbO-      . 

Iday 1 

8  days J 

4  „    I 

5    

1-77 
0-62 

not  weighed 

1-71  1 
0-16  { 

67' 
W 
85' 

78' 

8          1 

70' 

14    ► 

162' 

15          

104' 

Total 

2*29 

1-87 

The  solution  on  the  dialyser  began  to  putrefy  slightly  on  the 
11th  day,  and,  as  it  got  slowly  worse,  it  was  thought  useless  to  pro- 
long the  experiment  beyond  the  15th  day. 

An  examination  of  the  solution  left  on  the  dialyser  gave  the 
following  result : — Sp.  gr.  =  10267.  With  a  divisor  of  3-85  this  is 
equal  to  6'93  grams  per  100  c.c. 

On  estimating  the  ash,  we  found  that  13  c.c.  yielded  0'004  ash,  so 
that  100  c.c.  would  contain  0*031  gram  ash,  equal  to  0'45  per  cent,  on 
the  solid  matter.  The  strength  was  estimated,  and  it  was  found  that 
0*104  gram  of  the  solution  in  100  minutes  gave  a  reading  of 
-h  5*2  div.  =  9*6  T.  The  weight  of  the  whole  solution  was 
290  g^ms  ;  so  that,  calculated  in  the  same  manner  as  on  the  previous 
days  the  strength  was  ±  0  =  104'. 

This  figure,  of  course,  is  only  useful  for  comparison  with  the 
results  obtained  on  previous  days,  it  does  not  take  into  account  the 
amount  that  had  dialysed  or  that  was  used  for  experimental  purposes. 
It  is,  therefore,  necessary  to  calculate  the  real  activity  of  the  organic 
solids  in  the  solution.     This  we  did  as  follows : — The  0  point  would 

*  We  shall  refer  to  this  preparation  with  2*9  per  cent,  of  ash  as  the  "  J " 
sample. 

3  N  2 
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have  been  reached  in  132'.  Now  0104  gram  of  the  Solution  con- 
tained 0*007  gram  solids.  Allowing  for  this  in  the  nsnal  manner,  we 
get  9-24  minutes  (01  :  0007  : :  13-2  :  924),  and  multiplying  this 
result  by  7*5  to  correct  for  the  temperature  of  the  estimation,  we 
obtain  +  0  =  C9-3'. 

In  passing  we  may  state  tkat  we  found  the  optical  activity  of  the 
solid  matter  in  ihe  solution  to  be  [«};  •=  +  55^.* 

Now  in  the  aboiw  experiment  we  took  «  faiifly  active  sample  of 
invertase  which  kad  refused  to  part  with  Hs  ssh  by  precipitatios  with 
alcohol,  and  liy  means  <of  dialysis  with  hydrochloric  acid  we  iredttoed 
this  ash  from  8*05  per  cent,  te  0*45  per  cent,  on  the  solid  matter,  and 
that  without  any  mailed  change  in  its  inverting  power.  The  first 
three  days  of  its  dialysis  the  activity  was  4:  0  =  hT,  70^,  and  85'. 
The  last  day  it  was  69'. 

We  maintain  that  these  figures  -show  conclasiveily4ikat  ask  d«ea  not 
enter  into  the  composition  ef  invertase. 

PuriJiccMon  of  InverUue, 

It  might  be  tkougkt  bow  that,  having  get  rid  •f  moiNi  of  the  ask,  H 
would  only  be  necessary  to  fractionally  precipitate  tke  invertase  by 
means  of  alcohol,  and  then  compare  the  several  fractions  to  show  its 
purity  or  the  reverse.     But  here  unexpected  difficulties  come  in. 

If  the  im^ertase  is  at  all  jpure,  it  quickly  leses  its  activity*  A«  am 
instance  of  this  we  may  refer  to  tke  B  sample  of  invertase,  which  we 
stated  to  be  the  purest  we  succeeded  in  pneparing.  When  we  had 
examined  tke  properties  of  this  solution,  wre  left  it  standing  in 
a  stoppened  bottle  for  about  a  month,  after  first  miung  with  it 
sufficient  weak  alcohol  to  bring  the  total  alcoholic  strength  to  0'975u 
At  the  end  of  the  month  the  solution  was  quite  clear  and  free  from  aay 
organic  precipitate,  though  some  of  the  ash  had  crystallised.  It 
was  absolutely  inactive.  Weaker  preparations  of  invertase  are  not 
so  unstable,  and  they  onay  sometimes  be  kept  a  long  time  with  little 
injury,  but  anything  like  fractional  precipitation  completely  destroys 
them,  and  even  the  inverting  power  of  yeast-liquor  itself  may  be 
destroyed  by  sufficiently  slow  precipitation. 

We  were  not  able  to  obtain  more  than  sligktly  active  precipitates 
from  the  solutions  of  the  J  and  K  samples  of  invertase  after  dialysis, 
although  we  tried  everything  we  could  think  of  to  prevent  the 
destruction  of  the  invertase.  We  shall  show  later  on  that  these 
samples  must  have  been  fairly  pare  mixtures  of  invertase  with  the 
products  of  its  decomposition,  this  decomposition  having  been  caused 

*  W«  shall  refer  to  this  preparation  as  the  "  K  **  sample  of  iiiTertase. 
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by  tlie  nnmber  of  pi^eliminarjr  precipitations  whicb  the  substance  bad 
undergone. 

If  alcohol  was  added  slowly  to*  these-  solntions^  they  miliedr  that  is 
to  say,  the  solutions  beeame^  wrhilte*  and  opaque^  exactly  resembling 
milk.  This  term  ha&  been  previously  defined  by  one  of  us  in  treating 
of  the  amylans  (Trans.^  1882^.28)^  This  milk  was  active^  but  if  a  trace 
of  any  acid  waa  addled  a  precipitate  was  thrown  dowm  which  was 
perfectly  inactive.  We  tried  numerous  experiments  with  the  object 
of  precipitating  the  invertase  without  destroying  it ;:  the  following 
are  typical  ones : — 

A.  Strong  aleohol  wa»q[uickly  a(Med  to  the  solatioav  The  greater 
portion  of  it  milked^  bnir  there  was  a  small  precipitate,,  which  was 
tested  and  found  to  be  actiire.  Experience  has  shown  us  that  a  pre- 
cipitate obtained  thus  suddenly  cannot  be  calle(S  a  fractional  pre- 
cipitate, and  so  it  is  izseless*  for  our  purpose.  It  was,  too^  very  mnute. 
The  milk  was  active.  Nothing  fell  out  of  the  solution  on  standing, 
and  so  it  was  necessary  to  add  aidrop  of  acetic  acid  to  get  a  precipitate. 
The  syrupy  precipitate  thus  obtained  was  inactive. 

B.  Weaker  alcohol  added  slowly  produced  no  precipitsufce,  but  other- 
wise had  the  same  efiPect. 

C.  We  rendered  the  solution  absolutely  neutral  wiitrh  a  little  bi- 
carbonate of  soda  and  then  added  alcohcd.     Effect  the  same-  as  in  B. 

D.  Rendered  slightly  alkaline  with,  bicarbonate  o£  soda*  Result 
the  same  as  in  B,  but  the  syrupy  precipitate  produced  by  acid  was 
slightly  active.  This  was^  dried,  and  the  activity  found  to»be  +  0  = 
240'  against  70'  of  the  original  substance..  In  this  case  no  fractiona- 
tion took  place,  because  the  precipitationi  was  effected  tea  rapidly. 

E.  Rendered  slightly  acid  (HCl).  Precipitance  and  snipernatant 
liquid  both  inactive. 

F.  Acidified  considerably.     Results  the  same  as^K 

From  these  experiments  and  many  similar  ones  it  is  evident  that 
we  had  come  td  an  end  of  the  purification  in>  this  manner ;  we  there- 
fore tried  the  effect  of  dialysis  on  a  very  active  solution,  so  as  to 
avoid  the  necessity^  of  fractional  precipitation  after  dialysis. 

Here  again  we  were  defeated  by  the  old  diflBculty  that  these  com- 
paratively pare  solutions  rarely  retain  their  activity  for  more  than  a 
few  days,  and  even  when  they  appear  stable,  any  attempt  to  work 
with  them  ensures  their  rapid  destruction.  Farticulara  of  an  experi- 
ment of  this  nature,  made  with  sample  B,  arfr  given  in  Part  IV  under 
the  heading  "  Splitting  up  of  Invertase." 

We  had  consequently  to  rely  on  an  examination  of  the  substances  in 
the  inactive  solution  for  a  knowledge  of  the  composition  of  invertase. 
The  analysis  and  properties  of  invertase  are  given  in  detail  in 
Part  IV  under  the  heading  *^^  p^Invertan  or  Invertase'^ 
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Teast  Albvmiinoid. 

Attention  must  now  be  directed  to  one  of  the  snbstances  eliminated 
in  tlie  preparation  of  invertase.  We  have  shown  that  in  this  pro- 
cess a  portion  of  tbe  precipitate  produced  bj  alcohol  in  yeast  liqnor  is 
not  again  soluble  in  water  (see  *^  Separation  of  Invertase  from  Yeast 
Liqnor  '*).  This  is  the  albnminoid  of  yeast.  In  the  preparation  of 
the  B  sample  of  invertase  we  have  sbown  that  this  precipitate 
amounted  to  5'93  per  cent,  on  the  dry  solid  matter  of  the  yeast. 

Preparation. — We  prepared  it  in  the  following  manner: — Alcohol 
was  added  to  yeast  liqnor  nntH  a  precipitate  began  to  form.  On 
standing,  a  large,  flocculent  precipitate  fell  to  the  bottom.  This  was 
collected  on  a  filter ;  it  was  fonnd  to  have  only  a  very  slight  invertive 
action.  It  was  repeatedly  washed  with  water,  through  which  it 
diffused  readily,  forming  a  thick  semi-solution,  which  would  not  pass 
through  a  filter  even  under  pressure.  In  order,  therefore,  to  separate 
the  water,  it  was  necessary  each  time  of  filtering  to  add  a  little 
alcohol,  though  not  sufficient  to  throw  any  invertase  out  of  solu- 
tion. The  albnminoid  tlien  fell  to  the  bottom  as  a  well-defined, 
broken  precipitate.  When  this  had  been  done  several  times,  the  pre- 
cipitate was  washed  with  strong  alcohol,  pressed  between  blotting- 
paper,  •and  dried  in  a  vacuum  over  sulphuric  acid.  Until  this  final 
desiccation,  the  precipitate  was  tilmort  white,  but  in  the  vacaum  it 
rsrpidly  assumed  a  dark  >colour.  Prepared  in  this  manner,  it  is  a 
hard,  brown,  dull-looking  mass,  which  is  very  difficult  to  reduce  to 
powder. 

Analysis, — We  made  an  analysis  with  the  following  results,  and  for 
the  sake  of  comparison  we  give  the  highest  and  lowest  numbers  ob- 
tained from  the  analysis  of  albumins  (B^hamp,  Mem,  Academie 
Seien.j  28,  459). 


Table  XXY. — The  Analysis  of  Teast  Albuminoid  compared  with 

AUmmin, 


ConstitaeirtB. 

Teati 
albuminoTd. 

Albuiniii. 

Highest. 

Lowest. 

Carbon ^ 

54-83 

7  BO 

U-88 

Done 

T 

55-4 
7-40 
18-88 

49-4 
6-71 

ja  vuTv^u 

^ltrogeIl « 

'Snlpliur  .••••••••-•••••••• 

14-60 
none 

PtinATktinma  «..-*«.«-««^-- 
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imberR  are  calculated  on  the  substance  free  from  ash,  mrhich 
I  to  8'9  per  cent.,  consisting  of  potassium  and  magnesium 
38.  Farther  analyses  are  given  under  the  heading,  '*  Yeast 
)Td  derived  from  Invertase." 

ies. — Precipitated  yeast  albuminoid  is  insoluble  in  water, 
ves  readily  in  a  small  quantity  of  caustic  alkali.  It  is  gener- 
pitated  on  acidifying  the  alkaline  solution,  and  it  falls  out 
J  if  the  acidified  solution  is  placed  on  a  dialyser  till  the  acid 
d.  In  yeast  liquor  it  is  in  an  alkaline  solution,  but  it  is  not 
it  by  acid  even  on  boiling. 

loI  is  added  to  an  alkaline  solution  of  yeast  albuminoid,  no 
e  is  formed,  but  the  solution  is  converted  into  a  milk.  Ez- 
leat,  it  exhales  the  usual  smell  of  burning  albumin,  and 
usual  black  residue  difficult  of  combustion. 
18  of  yeast  albuminoid  are  slightly  Isevorotatory,  but  they 
palescent  to  admit  of  reliable  readings.  It  is  impossible, 
to  use  this  property  as  a  criterion  of  purity ;  we  may  state, 
;hat  we  found  the  optical  activity  of  our  preparations,  in 
)lution,  to  be  somewhere  about  [«]y  =—  13®. 
[buminold  is  not  precipitated  by  alkaline  copper  oxide  solu- 
th  Millon's  reagent,  it  gives  no  reaction  in  the  cold,  but  on 
le  precipitate  caused  by  the  acid  turns  pink, 
p  (Mem.  Acadimie  Scien.,  28,  269)  mentions  an  albumin 
separated  from  beer  yeast;  its  properties  were  very 
those  given  above.  He  does  not  seem  to  have  analysed  it, 
ttd  its  optical  activity  to  be  [a'jj  =—  43*9**. 


Part  IV. — The  Istvebtah  Series. 

Splitting  up  of  Invertase. 

IS  point  we  have  shown  that  practically  the  whole  of  the 
F  yeast  can  be  separated  (a)  from  the  insoluble  portions  of 
ell ;  (&)  from  the  yeast  constituents  soluble  in  47  per  cent. 
)  from  yeast  albumin ;  and  (d)  from  ash.  But  when  we 
*ther  purify  the  invertase,  we  found  that  on  attempting  to 
with  alcohol  the  inverting  power  was  destroyed,  so  ^at 
b  or  products  ceased  to  come  within  our  definition  of  in- 

lese  circumstances,  we  found  it  necessary  to  abandon  the 
further  purification  of  invertase,  and  to  undertake  in  its 
xamination  of  the  substances  resulting  from  its  altera- 

3  end  in  view,  we  turned  to  the  K  sample,  which,  it  will 
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be  remembered,  was  dialysed  for  15  dajs.  We  took  200  c.c.  of  the 
Bolntion  off  the  dialjser ;  this,  as  we  have  already  shown,  would  con- 
tain 13*87  grBMB  of  Bolifl  martter.  To  it  alcohol  was  slowly  added ; 
the  solution*  beeseme'  a  mifk,  bixt  a  smalT,  cvumbj  precipitate  was 
formed.  Thi^  waff  put  on  one  side^  and,  a»  it  was  too  small  for  any 
practical  purpose,  some  other  small  bits  obtained  dtxring  the  fractiona- 
tion were  a<lded  to*  it,  amd  the  wiole*  was  marked!  "  oddments." 

By  adding  minute  quantities  of  dilute  hydrochloric  acid,  the  milk 
was  precipitatedi  in  three  fractions.  They  all  fell  out  as  syrups,  and 
the  sdiution  waff  eventually  left  perfectly  dear  with  a  slight  red 
tinge.  The  13^*87  grams  of  soKcP  matter  was  accounted  for  as  fol- 
lows.^    "We  also  give  tli©  optical  activity  of  the-  chief  fractions : — 


1st  precipitate. .  r . . . .  r ,  5-6    grams  "to                    f  +  507^ 

2nd          „ 2-3        „      >=85p.c.^  +55-5° 

3rd           „       3-86      „     J                     1+507** 

Oddments l-89»     „         =10    „ 

Soluble  iff  alcohol. 0^73      ,r 

Total 13-87 

These  fractions  were  »11  obtained  by  aetu&l  weighings,  and  the 
moisture  in  each  was  estimated  and  allowed  for.  The  exact  agree- 
ment 9f  the  unrnbers^is  arsatisfaiotofy  eoiscidence. 

We  may  note  that  in  dealing  with  the  bodies  of  the  inv^rtan  series, 
a  mixture  of  apy  two  of  them  is  easily  separated  by  partial  pre- 
cipitation with  alcohol  and  acid,  as  shall  be  described,  and  we  have 
considered  a  sample  homogeneous  when  we  could  separate  it  by  this 
mean»  into  two  or  more  fractionsradl  of  which  had  the  same  or  nearly 
the  same  optical  activiiy  as  the  original  substance. 

It  will  be  seen  from  these  results  that  85  per  cent,  of  the  solid 
matter  in  the  dialysecl  solution)  of  aetire  invertase  consisted  of  a 
syrupy  substance  having  [«]/  between  -^bQP  and  56°.  The  10  per 
Qent^  of  oddBvents  was  a  crumby  sabstance,  mainly  insoluble  in 
water^    UoiBke  of  tbe  fraelions  hful  amy  inverting  power. 

These  three  syrupy  precipitates  were  mixed  and  dissolved  in  water 
to  a  clear  aolotioii.  It  wa*  acidified,  spid  then  very  carefully  frac- 
tioDaied  with  alcoho!.  The  first  precipitate  was  very  small  and 
crumby  ;■  tbe  second  was  a  small,  syrupy  precipitate ;  the  third  and 
foarth  contaiBed  the  lairge  bulk  of  tke  solids. 


Digitized  by  VjOOQIC 


O'SULUVAN  AND  TOMPSON:  INYERTASB.  889 

Tablb  XXVI. — The  Be-fracHonaiion  of  the  Syrupy  Precipitates, 


Precipitate. 

[«!;. 

D 

(diTieor).* 

N,  per  cent. 

No. 

Condition. 

Bulk, 

1 
2 
8 

4 

crumby 

n 

TWT  small 
smaU 
largo 
large 

52-4 
64-1 

8-85 
8-76 

4-7 

2-21 

2*81 

There  was  little  doubt  that  we  were  dealing  with  a  homogeneous 
substance. 

These  experiments  were  repeated  with  the  J  sample  of  purified  iu- 
vertase  solution  described  alxwe.  The  reanlt»  obtained  were  exactly 
similar. 

It  may  be  remarked  here  that  the  readings  in  the  polarimeter  ai*e 
not  very  accurate  for  these  substances,  as,  even  when  they  are  clear 
and  nearly  colourless,  they  absocb  a  greart  deal  of  light.  Hence  abso- 
lute regularity  in  the  results  i^  not  to  be  expected. 

All  the  syrupy  precipitates*  from  these  two  series  of  fractionations 
were  mixed,  and  again  very  carefully  fractionated  with  alcohol  and 
hydrochloric  acid. 

The  fractions  mixed  had  [a]^-  varying  from  -hS'i^'^t©  66-8^  The 
total  weight  was  22  grams.  The  mixture  was  divided  iuto  six  frac- 
tions, which  yielded  the  following  results : — 

Table  XXVIL— 2%«  Be-fractionation  of  Precipitates  of  Optical  Activity 
[a]j  =  -h  62-4"  to  66•8^ 


Fraction. 

Weight. 

w>. 

Divisor.* 

N. 

0. 

H. 

V 

2-5 
8-8 
6-6 
6-7 
1-8 
1-46 

66'ft 
63-5 
68-6 
68-4 

8 -75 
8'16 
8-71 
8-74 

2-26 
2-69 

48-6 

W 

X 

Y 

2. 

6  82 

zi....-:::: 

Total 

19-66 

— 

— 

— 

— 

— 

It  will  be  seen  that  practically  no*  difierentiation  has  taken  place. 
Fractions  X,  Y,  and  2^  were  agann  mixed  and  fractionated  with  the 
utmost  care,  as  follows : — 

f  Detennine4. 
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Fraction.  [a]>.  D» 

A.  A  very  small  precipitate —  — 

B.  A  large  precipitate 67*4  8*69 

C.  „  „  63-2  3-71 

D.  A  very  small  precipitate —  — 

From  these  resnlts  it  woald  seem  as  if  there  were  a  slow  breaking 
down  of  the  substance  with  \_a]j  +  54^ ;  one  having  a  somewhat  higher 
optical  activity  being  amongst  the  products.  We  shall  see  later  on 
that  snch  is  the  case.  Despite  this  fact,  we  see  that  we  did  not  find 
it  possible  to  differentiate  the  bulk  of  the  syrapy  precipitate  by  means 
of  the  most  careful  fractional  precipitation  with  alcohol  and  acid,  and 
we  therefore  came  to  the  conclusion,  justified  by  further  experience, 
that  the  substance  having  [a]^-  +  54°  (circa)^  and  which  we  have  named 
B-invertan,  was  a  homogeneous  compound,  and  thai  it  constituted  at 
least  85  per  cent,  of  the  products  of  the  breaking  down  of  inyertase 
on  precipitation  with  alcohol. 

The  only  other  substance  found  in  any  quantity  in  the  dialysed 
solution  was  the  crumby  precipitate  mentioned  above,  and  which  we 
have  called  a-invertan.  This  substance  is  not  soluble  in  water  or  in 
solutions  of  the  syrupy  sabstance.  As,  however,  it  exists  in  the  per- 
fectly clear  dialysed  invertase  solution,  in  company  with  the  syrupy 
substance  it  cannot  be  doubted  that  a  combination  of  these  two 
formed  the  soluble  compound,  invertase.  This  is  absolutely  shown  to 
be  the  case  by  the  following  facts : — 

First.  It  has  not  been  found  possible  to  separate  the  two  sub- 
stances without  destroying  all  inverting  power.  Whenever  a  solntaon 
of  invertase  is  precipitated  by  alcohol,  the  total  inverting  power  is 
somewhat  decreased,  and  at  the  same  time  it  is  found  that  the  pre- 
cipitate is  not  again  entirely  soluble  in  water,  thus  showing  that  a 
decomposition  of  some  kind  has  taken  place. 

Secondly.  Each  of  these  two  substances  may  itself  be  deoom- 
posed  by  suitable  means  into  a  crumby  and  a  syrupy  substance,  and 
these  ulHmate  products  are  identical. 

Thirdly.  Between  the  two  ultimate  products  we  shall  show  thai  a 
whole  series  of  compounds  exists,  of  which  series  all  the  substanoes 
we  have  mentioned  are  members. 

There  can,  then,  be  no  doubt  that  invertase  is  a  compound  of  the 
two  substances  which  we  have  called  a-  and  ^invertan.  We  shall, 
however,  give  further  experimental  proof  of  this  fact ;  and,  for  this 
parpose,  we  employed  the  very  purest  samples  of  invertase  solution 
we  found  it  possible  to  obtain. 

«  Determined. 
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fcion  of  the  E  sample  of  invertase  (see  "  Separation  of  In- 
:rom  Yeast  Liquor  ")  was  placed  on  a  dial  jser  with  a  large 
f  hydrochloric  acid.  The  water  outside  was  frequently 
;  at  the  end  of  four  days  the  solution  was  nearly  neuti*al, 
*y  small,  fiocculent  precipitate  had  fallen  out*  Its  inserting 
id  optical  activity  were  then  determined  and  compared  with 
numbers  before  dialysis.  In  taking  the  optical  activity,  the 
t  precipitate  was  first  filtered  out. 

[a]y.  ±0- 

Bfore  dialysis +  697°  285' 

fter         „       ♦ +  54*3°       nearly  inactive 

e  here,  plainly,  how  di£&cult  these  nearly  pare  solutions  of 
*  are  to  work  with.  A  treatment,  which  we  have  shown  to 
effect  whatever  on  the  impure  samples,  is  in  this  case  fatal. 
I  experiments  have  shown  us  that  the  precipitate  consists 
3f  a-invertan,  which  has  a  slight  minuA  optical  activity*  No 
of  this  with  the  solution  having  [«}/  -|-  64*3**  could  give  an 
jtivity  of  +69*7° ;  hence  the  two  must  have  been  in  combina- 
the  act  of  separating  them  destroyed  the  invertase.  There 
rer,  just  the  possibility  that  some  substance  with  a  higher 
power  may  have  passed  through  the  dialyser ;  in  order  to 
we  have  made  another  experiment,  as,  in  consequence  of  the 
portion  of  acid  and  the  very  small  quantity  of  matter  that 
hrough,  it  was  impossible  to  make  any  satisfactory  observa- 
h  the  diffnsate. 

of  the  solution  of  the  G  sample  of  invertase  were  taken, 
cidified,  and  alcohol  (0'870)  added  very  slowly  until  a  cloud 
i.  It  was  then  allowed  to  stand  for  two  days.  At  the  end 
ime  there  was  a  large,  fiocculent  precipitate  at  the  bottom, 
s  collected  and  purified  by  mixing  with  water,  and  then 
in  the  presence  of  very  dilute  alcohol.  The  washings  were 
the  original  filtrate.  To  the  latter  a  large  excess  of  strong 
vas  added ;  this  formed  at  first  a  milky  solution,  but  after 
two  or  three  days  it  became  perfectly  dear,  and  there  was 
less,  transparent  syrup  at  the  bottom  of  the  beaker.  We 
'  divided  the  invertase  solution  into  three  portions :  A,  the 
t  precipitate ;  B,  the  syrup ;  and  C,  the  alcoholic  solution, 
had  been  discarded.  The  alcoholic  solution,  as  we  have 
ly  proved  under  similar  circumstances,  contained  practically 
but  the  ash,  and  this  was  thrown  away.  The  A  fraction  was 
I  in  water  but  soluble  in  alkali.  It  was  dissolved  to  about 
and  the  solution  had  a  very  faint  dextrorotatory  power, 
g  below  +1'0  division  in  100  mm.    It  was  impure  o-invertan. 
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The  6  fraction  was  solable  in  water  to  a  coloorless  solntion.  It  was 
dissolved  in  25  c.c.  of  water,  and  in  100  mm.  gave  an  angle  of  +8*3 
divisions.  The  solntion  contained  6*000  grams  per  100  c.c,  and 
the  [«2;  was  therefore  +  53*  1     It  was  evidently  ^invertan. 

From  these  figures  it  is  obvious  that  a  mixture  of  A  and  B  frac-; 
tions  would  have  had  an  optical  activity  of  [a]^  =  less  than  +53°. 
Of  course  neither  of  them  had  emj  inverting  power.  Comparing  the 
factors  before  and  after  the  loss*  of  invertisg  power,  we  have 

W>  ±0. 

Before  fractionation +  72*4*  27*9' 

After  „  ..  ...lesa than -h  53*0**  none 

The  solid  martter  in  the  active  solution  had  an  optical  activity 
[a']j  =  +  72*4^  r  that  of  the  divided^inactive  fractions,  taken  together, 
less  than  [«}/  =  +  53** ;.  there  can„  consequently,  be  no  further  proof 
necessary  that  the  higher  optically  active^  invevtase  breaks  down 
into  bodies  of  less  optical  activity,  which  wc  call  a-invertan  and 
d-invertan. 

Wo  have  already  showm  ^n vertan  to  be  a  homogeneous  substance, 
and  we  shall,,  later  on,  show  the  same  withi  regard  to  «-invertan ; 
and,  as  95  per  cent,  of  the  solid  matter  in  the  invertase  solution 
was  obtained  in  the  form  of  these  bodies  (see  '^Splittiug  up  of 
Invertase"),  and  as  the  remaining  5  per  cent,  was  soluble  in 
alcohol,  the  proof  ib  complete  that  invertace  yields  a>  and  ^invertan 
when  an  attempt  is  made  to-  precipitate  it.. 

Invertase  does  not  always  break  down  in  tiie  manner  we  have 
mentioned  here :  for  sometimes  otiicr  members  of  thaseries  are  found. 
a-Invertan  is  invariably  presenft,  but  sometimes>  instead  of  ^invertan, 
either  7-  or  e-invevtam  (to»  be  described  later  on)>  takes  its  place. 
7.1nvertan  we  have  only  obtained  on  one  occasion,  and  we  do  not 
know  what  was  th&  cause  ef  it»  appearance  t  but  Mivertan  we  have 
frequently  found ;  and  we  believe  that  in  this  case  the  ^invertan  was 
first  formed,  and  whs  then  converted  by  the  alcohd  and  acid  into 
e-invertau,  as  we  shall,,  later  ox^  show  to  be  probable.  We  generally 
found  cinvertan  when  the  process  of  piuification  was  somewhat 
prolonged. 

We  will  now  take  the  yeast  albuminoid  prepared  from  invertase, 
and  then  each  member  oE  the  invertan  series  separately,  giving  in 
each  case  the  pi*eparation,  analysis,  and  properties* 

Teast  Albuminoid  derived  from  Invericue. 

PreparaUon. — Some  o-invertan,  prepared  from  invertase  in  the 
manner  already  described,  was  dissolved  in  weak  potassium  hydroxide, 
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and  an  alkaline  Bolntion  of  a  copper  salt  added.  At  first  no  pre- 
cipitation took  place,  but  on  adding  a  very  large  excess  of  strong 
potassium  hydroxide,  a  large  blae  precipitate  slowly  fell  ont. 

The  solution  was  allowed  to  stand  for  two  days,  and  the  clear, 
supernatant  liquid  was  then  decanted  off.  We  shall  treat  of  the 
precipitate  thus  obtained  under  the  heading  "  ^-Invertan,** 

The  solution,  containing  everything  not  thrown  out  by  copper,  was 
acidified  and  precipitated  with  alcohol.  The  flocculent  precipitate 
thus  obtained  was  redissolved  in  very  weak  alkali  and  again  thrown 
out  with  alcohol  and  Acid.  Finally  the  precipitate  was  redissolved  in 
weak  potassium  hydroxide  and  an  excess  of  acid  quickly  added. 
Nothing  was  thrown  «ut  of  solution  in  this  manner,  so  the  solution 
was  placed  on  a  dialyser  and  kept  there  until  it  was  perfectly  neutral. 
This  treatment  caused  a  large,  gelatinous  precipitate  to  fall  out.  This 
was  colleoted  on  a  filter,  dehydrated  with  alcohol,  and  diied  in  a 
vacuum.     It  took  en  much  colour  whilst  drying. 

We  shall  show  that  the  substance  thus  obtained  is  very  similar  to 
the  yeast  albuminoid  we  hasro  already  described. 

Anak^, — 


Table  XXVTII.- 

—Analysts  of  Yeast  AthumiiKAd  derived  from  Invertase, 

OonBtitueirtf  of  substance  free  from  ash. 

Sample. 

0. 

b:. 

N. 

Ash. 

A 

52-66 
58-79 

7-38 
7-19 

14-61 
14  07 
14-17 

B 

0-47 

0 

100 

The  samples  marked  A  and  B  were  obtained  in  the  manner  above 
described.  In  order  to  .test  the  purity  *ef  the  B  «ample,  it  was  redis- 
solved in  a  large  excess  of  potassium  hydroxide  and  some  Fehling's 
solution  added.  As  this  did  not  produce  any  precipitate,  a  large 
excess  of  alcohol  was  added.  After  ertanding  two  days  there  was  a 
small  precipitate.  The  clear,  rsupematant  liquid  was  decanted  off, 
aiid  the  albumin  was  obtained  from  it  in  the  manner  before  described. 
The  analysis  is  given  above  as  that  of  the  "  C  ^'  sample.  It  will  be 
seen  that,  considering  that  we  were  working  with  an  albuminoid,  the 
figures  agree  as  well  as  could  be  expected. 

Properties, — The  properties  of  this  substance  are,  as  far  as  we  have 
been  able  to  ascertain,  the  same  as  those  of  yeast  ailbumiuoid. 
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Goncliuion. — In  the  followiDg  table  we  give  a  comparison  of  the 
results  of  the  analysis  of  the  albuminoid  obtained  directly  from 
yeast  and  of  the  C  sample  of  the  albuminoid  obtained  from  in- 
vertase  ; — 

Table  XXIX. — Comparison  of  the  Analyses  of  the  Alhvminoids  obtained 
from  Yeast  and  from,  Invertase. 


Source  of  the  albuminoid. 

Constituents  of  substance  free  from  ash. 

0. 

H. 

N. 

Inyertase <.. 

Yeast 

58-79 
64-83 

7  19 
7-50 

14-17 
14*88 

These  numbers  Agree  pretty  well,  and  leave  no  doubt  that  the 
substances  are  very  similar,  and  although  we  cannot  say  that  they 
are  identical,  we  may  take  the  mean  of  the  two  analyses  as  the  com- 
position of  yeast  albuminoid. 

C  =  6406  p.  c,  H  =  7-35  p.  c,  N  =  14-53  p.  o. 

We  may  note  here  that  aa  this  albuminoid  contains  no  sulphur, 
and,  probably,  no  phosphorus,  we  hare  no  reason  for  attributing  to  it 
sach  a  large  molecule  as  the  albumins  are  usually  considered  to 
possess.     The  formula  C9H15N8O3  would  give 

C  =  54-27  p.  c,  H  =  7-54  p.  c,  and  N  =  1407  p.  o. 

Althongh  we  do  not  for  one  moment  believe  that  the  molecular 
weight  of  yeast  albuminoid  is  as  low  as  this,  yet  we  have  thought  it 
necessary  to  point  out  the  possibility,  because  on  this  factor  depends 
the  molecular  weight  of  the  entire  invertan  series  (see  Part  V, 
"  Gonstitation  of  the  Invertan  Series  "). 

a-Invertan. 

Preparation. — ^We  have  already  shown  under  the  heading  "  Split- 
ting up  of  Invertase,"  that  invertase  in  an  acid  solution  slowly 
breaks  up  in  the  presence  of  alcohol,  with  the  separation  of  a  floccu- 
lent  precipitate.  If  this  precipitate  is  purified  by  washing  a  few 
times  with  water  and  weak  alcohol,  and  then  by  dialysis  in  the 
manner  described  in  the  case  of  yeast  albuminoid  derived  from 
invertase,  o-invertan  is  obtained.  In  this  way  it  is  easy  to  prepare 
considerable  qaantities  of  it. 
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That  this  BTibstance  is  a  true  compound,  will  be  apparent  from  the 
following  considerations  : — ^We  shall  show  that  ot-inTertaii  may  be  split 
up  into  yeast  albuminoid  and  ^-invertan.  Now  a  mixture  of  these 
two  substances  containing  8'3  per  cent,  of  nitrogen  would  have  an 
optical  activity  of  about  +40**,  whilst  a-invertan,  on  the  contrary, 
has  about  the  same  leevorotation  as  yeast  albuminoid. 

We  consider  that  the  approximate  purity  of  the  preparation  is 
established  by  the  general  agreement  of  the  percentage  of  nitrogen 
contained  in  the  three  samples  analysed  below. 

Table  XXX. — Analysis  of  a-Invertan. 


Sample. 

Ash. 

C. 

H. 

N. 

A 

4808 

6-65 

8-85 
8-63 
8  15 

0*70 

B 

0 

The  A  sample  analysed  above  was  obtained  by  repeatedly  pre- 
cipitating 50  grams  of  the  C  sample  of  invertase  with  alcohol  and  an 
acid.  The  flocculent  precipitate  thus  obtained  was  purified  several 
times  by  precipitation  with  weak  alcohol.  The  substance  in  solu- 
tion we  refer  to  under  "  €-Invertan."  Finally,  the  precipitate  was 
dissolved  in  weak  alkali,  and  a  little  Fehling*s  solution  was  added. 
A  small  precipitate  fell  out  and  was  discarded.  The  ^-invertan  was 
separated  from  the  copper  solution  in  exactly  the  same  manner  as  was 
described  under  the  heading  ''Yeast  Albuminoiid  derived  from 
Invertase."  It  only  took  on  very  little  colour  on  drying.  The  dry 
substance  weighed  11*5  grams. 

The  6  and  G  samples  were  obtained  in  a  similar  manner,  but  in 
the  preparation  of  the  C  sample  the  treatment  with  Fehling's  soln* 
tion  was  omitted. 

It  will  be  noticed  that  we  have  only  estimated  the  C  and  H  in  one 
sample  of  «-invertan.  The  reason  of  this  is,  that  in  the  invertan 
series  the  C  and  H  vary  with  the  nitrogen,  only  in  a  very  much  smaller 
degree.  For  practical  purposes,  therefore,  the  nitrogen  alone  is 
required.  In  the  case  of  «-invertan,  the  nitrogen  of  the  A  sample 
agrees  with  the  mean  of  the  B  and  C  samples,  so  that  we  take  for 
the  composition  of  a-invertan  : — 

C  =  48-03  p.  c,  H  =  6-65  p.  c,  N  =  835  p.  c. 
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Properties, — The  properties  of  a-invertan  •  are  exactlj  similar  to 
those  of  yeast  albaminoid,  with  the  exoeption  that  in  the  presence  of 
a  very  large  excess  of  an  alkali,  it  yields  a  copper  precipitate  as  has 
been  already  described.  The  a-inyertan  is  in  this  case  split  up  into 
yeast  albuminoid  and  ^-invertan;  the  reQ.ction  is  treated  of  under 
both  these  headiiigs. 

For  its  optical  activity  we  have  obtained  fivumbers  waijing  between 
[x]j  =  -11'*  and  -20°. 

P-InveHan  or  InverioBe. 

This  is  the  snbstasice  wMch  was  primarily  the  mrt)J6ot  <(if  tbis 
inyestigation.  We  have  already  described  our  attempts  to  obtain 
it  in  a  pure  state,  and  we  have  giren  details  of  4ihe  preparation, 
among  others,  of  five  separate  samples  of  ^ich  theitayentii^j^jactiyitj 
was  found  to  be  : — 

D  saA^ple,  ±  0  =  38-1' 

B  „  =  28-6' 

P  „  =  82-9' 

G  ,,  ^V^ 

H  „  =  33-4' 

Although  these  numfcers  do  not  differ  ^^ery  miK^  amongfd^heai- 
selves,  there  is  sufficiesLt  difPerence  io  indicate  that  we  haye  not  asi 
absolutely  pure  body  to  deal  with,  but  considering  the  different 
methods  by  which  these  samples  were  prepared,  and  the  nature  of 
the  body  itself,  splitting  up,  when  pure,  as  <we  have  descmbed,  on  the 
slightest  handling,  we  are  justified  in  coududing  {that  we  have  pure 
invertase  in  our  bands  contaminated  simply  with  the  products  of  its 
own  decomposition,  a  little  ash,  and  possibly  some  yeast  albuminoid 
which  has  not  been  rendeired  insoluble  fcy  the  single  precipitation 
with  alcohol  to  which  the  preparation  has  been  subjected.  This 
statement  is  borne  out  by  fhe  fact  thai  a  careful  examination  of 
several  of  these  solutions  has  failed  to  show  the  presence  of  any  sub- 
stances, except  members  of  flie  inventan  series  and  ash  (see 
"  Splitting  up  of  Invertase").  We  have  not  ueed  <the  optical  activity 
as  a  test  of  purity,  because  it  is  not  neaiily  such  a  good  criterion  as 
the  inverting  powet  We  have  already  given  reasons  for  our  state- 
ment that  this  rtest  is  the  only  reliable  one,  and  that  it  accurately 
indicates  the  relative  proportion  of  inviertase  present.  We  shall 
show  later  on  that  +  0  =  .22*5'  approximately  represents  the 
inverting  activity  of  pure  iaveetase,  and  firom  this  factor  it  is  easy  to 
calculate  the  absolute  amount  of  invertase  present  in  any  preparation. 
This  would  tend  to  show  that  the  above  samples  are  not  sufficientlj 
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pore  for  analysis,  were  it  not  for  the  fact  mentioned  above  that  the 
imparity  consists  almost  entirely  of  the  prodncts  of  the  decomposi- 
tion of  invertase,  and  therefore  their  presence  would  not  have  a  very 
great  effect  on  the  analysis. 
Analysis. — 

Tablb  XXXI. — Analysis  of  fi-Invertan  or  Invertase  free  from  Ash. 


Sample. 

0. 

H. 

K. 

D 

47  08 
46-64 
46-90 
46-17 
46-94 

6-74 
6-70 
6-69 
6-56 
6-77 

4*98 

E 

a  92 

p 

4-90 

G 

8-45 

H 

8-94 

These  members  are  calculated  on  the  organic  matter  in  the  active 
solntions,  the  ash  in  each  case  being  estimated  and  allowed  for. 

The  strongest  invertase  we  ever  obtained  was  the  B  sample  with 
±  0  =  25*1',  but  this  was  not  analysed.  Under  these  circamstances 
we  adopt  the  mean  of  the  E  and  G  samples  as  the  nearest  approxima- 
tion to  the  composition  of  pure  invertase  that  we  have  been  able  to 
attain.  We  do  this  with  the  more  confidence  as  these  two  samples 
were  prepared  by  different  methods,  one  of  which  we  should  expect 
to  give  more  and  the  other  less  nitrogen  than  the  true  quantity,  and 
yet  they  agree  well  with  each  other.  The  composition  of  invertase 
calculated  in  this  way  would  be — 

C  =  46  41  p.  0.,  H  =  6  63  p.  c,  N  =  3-69  p.  a, 

and  this  cannot  be  far  removed  from  the  truth. 

Properties. — The  action  of  invertase  on  cane-sugar  is  discussed  in 
Part  II  of  this  paper. 

Invertase  is  a  whit«  substance  readily  soluble  in  water  to  a  clear, 
but  somewhat  viscous  solution,  which  is  not  rendered  turbid  by 
boiling.  The  solution  slowly  acquires  colour  in  contact  with  the  air. 
It  is  insoluble  in  alcohol  of  0'94  sp.  gr.,  and  it  is,  like  all  the  series, 
more  soluble  in  warm  than  in  cold  alcohol.  We  have  already  shown 
that  it  may  be  precipitated  out  of  solution  by  alcohol  with  only  a 
small  percentage  of  loss,  provided  the  solution  is  not  pure.  The  pre- 
cipitate is  semi-syrupy  or  semi-crumby,  and  partakes  of  the  colour 
of  the  mother  liquor.  It  also  takes  down  large  quantities  of  all  the 
salts  in  solution,  from  which,  however,  it  may  be  partially  freed  by 
nrashing  with  0*920  alcohol.  Solutions  of  impure  invertase  submitted 
bo    careful  fractionation  by  means  of    alcohol  are  nearly    always 
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destroyed,  and  so  are  solutions  of  invertase  allowed  to  stand  long  in 
the  presence  of  large  quantities  of  alcohol.  The  purer  solutions  of 
inrertasc  cannot  he  precipitated  hy  alcohol  without  being  destroyed, 
unless  they  are  Tery  concentrated,  and  a  large  excess  of  very  strong 
alcohol  is  quickly  added. 

When  invertase  is  precipitated  hy  alcohol,  the  precipitate  is  never 
all  soloble  in  water,  showing  that  there  is  always  some  decomposition. 
Invertase  will  not  pass  through  a  dialyser,  and,  if  impure,  it  may  be 
dialysed  for  a  long  time  without  injury.  It  possesses  no  copper 
oxide  reducing  power,  but  readily  forms  with  copper  in  alkaline 
solutions  the  characteristic  copper  compound  described  at  length 
under  a  separate  heading.  With  Millon's  reagent,  invertase  gives  no 
reaction  in  the  cold,  but,  on  heating,  the  solution  turns  a  fine  pink. 

We  have  shown  that  it  is  very  difficult  to  keep  invertase,  whether 
in  solution  or  in  the  dry  state,  for  an  indefinite  time,  without  ft 
gradual  loss  of  strength.  We  have  found  it  best  retains  its  power  in 
s6lution  (see  Table  I,  and  footnote,  p.  874). 

We  are  not  able  to  give  any  definite  number  for  the  optical  activity 
of  invertase.  The  E  sample  had  [«]y  =  -f  69'7®  and  the  G  sample 
[ai]y  =  +72*4°,  whilst  our  strongest  sample,  the  B  sample,  had 
[«]jf  =  +  74®.  We  think  that  even  the  highest  of  these  figures  is 
below  the  truth,  as  the  impurities  have  a  lower  optical  activity  than 
this,  the  highest  being  5-invertan,  with  [ot]j  =  -|-  54".  These  figures, 
as  well  as  the  nitrogen  estimations,  bear  out  what  we  have  already 
said  of  these  two  samples ;  viz.,  that  the  E  sample  is  probably  con- 
taminated with  some  unprecipitated  albumin,  and  the  G  sample  with 
^-invertan.  We,  therefore,  take  [a]j  =  -|-80*  as  approximately  re- 
presenting th^  optical  activity  of  invertase. 

Invertase  in  solution  is  not  altered  by  dilute  mineral  acids ;  bnt 
dilute  alkalis  at  once  destroy  its  activity  beyond  the  power  of  recall. 
Lime-water  does  not  destroy  the  activity  if  quickly  neutralised. 

Powdered  invertase  slowly  and  thoroughly  dried  in  a  vacuum  over 
sulphuric  acid  withstands  with  little  alteration  a  temperature  of 
100*.  Two  samples  thus  dried  were  placed  for  some  hours  in  a 
current  of  dry  air  at  100®  with  the  following  results  : — 

d:  0  before  heating.        ±  0  after  heating. 

J  sample 131'  174' 

K     „      164'  222' 

The  effect  of  heat  on  the  inverting  power  of  invertase  solutions  is 

peculiar,  and  requires  a  more  detailed  description. 

'  Experiment  A. — A  solution  of  invertase  was  placed  in  a  test-tube 

in  a  bath  of  cold  water.     The  temperature  was  then  rapidly  raised. 

In  the  test-tube  were  a  pipette  and  a  thermometer.     The  solution 
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was  kept  well  stirred,  and  as  the  teraperatnre  rose  samples  was  taken 
at  intervals  by  means  of  the  pipette. 

Each  sample,  which  consisted  of  20  drops,  abont  1  gram,  was  placed 
in  a  cold  empty  beaker,  and  when  all  the  samples  had  been  collected, 
25  CO.  of  a  20  per  cent,  eolation  of  cane-sngar  was  added  to  each. 
The  samples  all  stood  together  for  3^  honrs,  and  were  then  stopped 
with  alkali  and  their  optical  actirity  observed.  4  per  cent,  is  added 
to  the  observed  angle  to  allow  for  the  invertase  solution. 


Table  XXXII.- 

-The  Effect  of  Heat  on  Solutions  of  Invertase, 

Texnperature 

when 

Bsmple  was 

teken. 

Headings  in 
200  mm.  tube. 

Corrected 
readings. 

Time  units. 

16*0 

-14-0 
-12  0 
-  6-8 
+  25-6 
+  70-4 
-J-74'0 

-14-6 
-12-6 
-  71 
+  26-6 
+  73-2 
+  77-0 

ao*4 

85  „    

40  „   

45  „    

60  „    

55  „    

18-7 

15-6 

6-2 

0-4 

0-0 

Under  the  heading  "  Time  Units  "  we  give  the  number  that  corre- 
sponds in  Plate  I  (p.  844)  with  the  percentage  of  inversion  calculated 
from  the  polarimeter  readings.  As  we  only  require  the  relative 
numbers,  and  all  the  other  conditions  of  experiment  are  the  same,  it 
is  not  necessary  to  carry  the  calculations  any  further.  Bearing  in 
mind  the  rule,  that  the  amount  of  invertase  present  is  in  direct  pro- 
portion to  its  inverting  power,  we  may  consider  that  the  original 
amount  of  invertase  present  is  represented  by  the  number  20'4,  and 
the  other  figures  are  in  proportion  to  this. 

We  shall  again  refer  to  these  results  after  the  next  experiment. 

Experiment  B. — In  order  to  find  out  what  temperature  invertase 
can  endure  when  heated  with  cane-sugar,  we  rapidly  heated  a  solu- 
tion of  cane-sugar  containing  invertase,  and,  as  the  temperature  rose, 
we  took  samples,  and  rapidly  oooled  them.  They  were  all  placed 
together  in  a  shallow  vessel  of  cold  water,  and,  when  they  had  all 
cooled  down,  the  optical  activity  of  each  sample  was  taken.  They 
were  then  allowed  to  stand  for  twenty-four  hours,  and  at  the  end  of 
that  time  the  optical  activity  was  again  observed. 

From  these  figures  the  percentage  of  inversion  was  calculated  in 
each  case,  and  by  comparing  the  results  with  the  theoretioal  curve  of 
inversion  (see  Plate  I),  it  was  easy  to  find  the  number  of  time  units 
that  each  reaction  had  passed  through  in  the  twenty-four  honrs. 
These  are  given  in  the  last  column  of  Table  XXXIII.     The  amount 
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of  imdesirojed  inyeriase  lefb  in  the  samples  is  in  proportion  to  the 
number  of  these  time  units  ;  we  have  given  the  reasons  for  this  in 
Experiment  A. 


Tabli  XXXIIL- 


-The  Effect  of  Heai  on  Solutions  of  InverUue  in  the 
Presence  of  Sucrose, 


Temperature 

reached 

before  cooling 

down. 

let  obeeryation. 

2nd  obeeryation. 

Time  nnifci 
passed. 

35«0 

+  21-4 
+  19-5 
+  18-7 
+  19  1 
+  25  0 
+  28-6 

-11  1 
-11-8 
-11-5 
-10-6 
+  1-6 
+  28-6 

26*0 

66   

26*2 

80  „    

65    .    

86-9 
23 '4 

70  „    

76  „    

8-9 
0  0 

These  two  experiments  may  be  considered  identical,  except  that  in 
one  case  a  large  amonnt  of  cane-sugar  was  present,  and  in  the  other  case 
none.  The  time  of  exposure  to  the  high  temperatures  was  no  doubt 
not  identicallj  the  same  in  the  two  experiments,  but  in  each  case  as 
soon  as  the  temperature  reached  the  point  named,  the  samples  were 
rapidly  cooled.  Probably  the  one  containing  sugar,  being  the  larger 
balk,  would  be  the  longer  time  at  the  critical  temperature,  so  this 
would  not  account  for  the  difference  in  the  results. 

For  comparison  we  have  tabulated  the  results  as  follow : — 

Table  X2CKIY. — Showing  how  the  Heai  Beaisting  Power  of  Invertaee 
is  Affected  by  the  Presefice  of  Sucrose, 


Highest  tempera- 

Percentage  of  inyertase  destroyed. 

A.  Experiment 
(without  sugar). 

B.  Experiment 
(with  sugar). 

16*0 

none 
8-3 
28*5 
70  0 
98  0 
100  0 

85  

none 

40        

4o    „    ••••••••«••• 

50 

— 

66  

none 

60  , 

66  , 

70 

none 
12 
66 

f  V      „       •  •  •  • 

75  „   

100 
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From  this  we  see  that  inyertase  in  solniion  reqaires  a  temperature 
folly  25°  higher  to  destroy  it  when  cane-sngar  is  present  than  when 
it  is  absent.  In  Part  Y  of  this  paper  we  shall  attempt  to  give  an 
explanation  of  this. 

For  the  manner  in  which  invertase  breaks  down  nnder  yarions 
circumstances  see  heading  '^Splitting  up  of  Invertase.*'  We  need 
only  add  that  dry  preparations  seem  to  behave  in  the  same  way  as 
solntions :  after  keeping  for  some  time,  a  large  portion  is  f onnd  to  be 
insoluble,  and  the  whole  has  lost  its  activity. 

The  inverting  power  of  the  most  active  invertase  preparation  we 
have  ever  succeeded  in  making  was  ±0  =i  25*1',  calculated  on  the 
dry  solid  matter  free  from  ash.  We  know  that  this  was  contaminated 
by  the  soluble  products  of  the  destruction  of  12*3  per  cent,  of  in- 
vertase.  These  soluble  products  would,  we  believe,  amount  to  about 
10*5  per  cent,  (see  ^Theoretical  Constitution  of  the  Invertan 
Series  ").  Making  allowance  for  this,  we  have  +0  =  22*5'  for  the 
activity  of  the  remainder  of  the  solid  matter.  We  brieve  that  this 
represents  fairly  well  the  activity  of  pure  invertase.  Our  reason 
for  this  is  that  we  have  never  found  in  the  purer  preparations  any 
impuiities  but  the  products  ol  the  decomposition  of  invertase,  ash, 
and  sometimes  a  little  albumin.  This  last,  we  believe,  was  not 
present  in  the  sample  we  obtained  these  numbera  from ;  and,  as  we 
have  allowed  for  the  other  two  impurities,  we  think  ourselves  justified 
in  saying  that  +0  =:  22*5'  represents,  at  least  i^prozimately,  the 
activity  of  pure  invertase.  We  have  shown  that  our  purest  prepara- 
tions have  ±0  =  25*  1',  27*9',  and  28*5' ;  the  second  of  these  was 
prepared  from  yeast  liquor,  quite  differently  from  the  other  two.  We 
think  that  these  give  probability  to  our  estimations  of  the  activity  of 
the  pure  substance. 

Taking  this  as  the  basis,  it  is  easy  to  calculate  the  actual  amount 
of  invertase  present  in  any  material.  In  the  case  of  yeast,  for 
instance,  from  2  to  6  per  cent,  of  the  dry  solid  matter  would  consist 
of  invertase. 

Preparation, — ^We  have  only  obtained  this  substance  once,  but 
fortunately  we  had  enough  of  it  to  be  able  to  prove  satisfactorily  its 
homogeneity.  From  a  sample  of  invertase  we  obtained  by  careful 
precipitation  with  alcohol  and  hydrochloric  acid  two  syrupy  precipi- 
tates. Their  optical  activities  were  respectively  [«]y=-)-64*'  and 
+  45"*.  Of  the  former  fraction  we  shall  treat  under  the  heading 
"  e-Invertan."  The  45  fraction  was  again  carefully  divided  into  three 
parts,  and  these  were  dried  and  powdered.  Their  optical  activities  were 
as  follows :  B,  [«];  =  +67*5%  S,  [«];•  =  +47*8%  and T,  [•];•  =  -|-46*0^ 
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The  S  and  T  fractions  were  redissolved,  and  alcohol  slowly  added. 
The  invertan  nearly  all  iekl  oat  as  a  grannlar,  syrapy  precipitate, 
bnt  a  little  was  left  in  the  solntion  as  a  milk.  The  precipitate  was 
redissolyed,  and  again  treated  in  the  same  way.  The  two  milks  were 
added  together,  precipitated  with  acid,  and  the  precipitate  labelled 
Z.  The  main  precipitate  was  redissolyed,  and  weak  alcohol  added 
with  great  slowness.  A  large,  flocculent  precipitate  gradually  feLl 
out ;  this  was  filtered  o£E  and  called  A.  The  remaining  milk  was 
fractionally  precipitated  in  two  parts,  B  and  G.  The  A  fraction  was 
not  soluble  in  water :  it  had  the  appearance  of  «-invertan.  The  re- 
maining fractions  were  soluble,  yielding  clear  solutions ;  their  optical 
activities  were  B,  [«],■  =-|-43-2°,  C,  =+600%  and  Z,  =s-h50'4°. 

Taking  all  theisie  facts  into  consideration,  and  knowing  that  /3-,  3-, 
and  e-invertan  break  down  in  a  similar  way  when  precipitated  by  acid 
and  alcohol,  we  have  little  hesitation  in  coming  to  the  conclusion  that 
the  original  precipitate  obtained  from  the  invertase,  having  [a]/  s 
+ 45*',  was  a  fairly  pure  substance.  On  attempting  to  purify  with  uci 
and  alcohol,  it  slowly  broke  down,  as  do  nearly  all  the  members  of 
this  series,  into  two  invertans,  one  soluble  and  the  other  iDaoluble  in 
water.  We  have  failed  in  attempting  to  prepare  a  further  qnantify 
of  7-invertan,  and  the  original  amount  was  so  much  reduced  by  the 
continual  breaking  down  that  we  had  not  enough  for  further 
experiments. 

The  above  precipitations  show  how  completely,  by  careful  fractiona- 
tion, the  members  of  this  series  may  be  separated  from  one  another ; 
and  we  are  perfectly  convinced  that  if  the  original  45  fraction  had 
consisted,  as  it  did  eventually,  of  a  mixture  of  «-invertan  with 
d-invertan,  the  first  fractionation  womld  have  separated  nearly 
all  the  former  from  the  latter.  We  lay  seme  stress  on  this  point, 
because  it  applies  equally  to  6-  and  €- invertan,  both  of  which,  as 
well  as  invertase  itself,  split  up  during  purification. 

AnalysU. — The  fraction  obtained  above  having  [ol]j  =  -f-4d'2°  oon* 
tained  0*4  per  cent,  of  ash.  The  substance  free  from  ash  yielded  on 
combustion  the  following  numbers :  G  =  45^62  per  cent. ;  H  =  6'55 
per  cent. ;  N  =  3' 16  per  cent. 

ProperUes, — Solution^  of  T-invertaa  are  liable  to  split  up  in  the 
manner  already  shown. 

We  have  also  already  given  all  the  determinations  of  the  optical 
activity  of  this  substance  that  we  made.  From  these  figures  it  is 
evident  that  it  has  approximately  [a]y  =  +45^ 

Its  remaining  properties  it  possesses  in  common  with  ^,  e-,  and 
JT-invertan,  and  we  will  state  them  now  in  full,  so  that  they  need  not 
be  repeated  when  we  describe  these  substances. 
"^"     -Invertan  is  a  non-orystallisable  substance,  easily  freed  from  water 
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in  a  current  of  dry  ftir  at  lOO"*.  It  is  soluble  in  all  proportions  in 
water,  forming  clear,  colourless  solutions.  There  is,  however,  a 
peculiar  blackness  about  the  more  concentrated  solutions  which 
renders  them  difficult  to  observe  in  the  polarimeter.  The  solutions 
are  viscous,  and  their  divisor  is  about  3'85 ;  they  do  not  cloud  on 
boiling,  and  the  optical  activity  is  not  altered  thereby.  Alcohol  trans* 
forms  fairly  dilute  neutral  or  alkaline  solutions  into  a  milk,  which 
remains  unaltered  a  long  time.  Acids  precipitate  from  this  a  colour- 
less syrup.  By  using  small  drops  of  dilute  acid  the  substance  may 
be  fractionated  in  this  manner.  Strong  solutions  are  immediately 
precipitated  by  strong  alcohol,  thus  affording  a  means  of  ridding 
precipitates  of  superfluons  acid,  which  might  be  injurious  during 
desiccation.  Left  for  any  lengthened  period  in  alcoholic  solution,  it 
assumes  colour,  and  is  liable  to  split  up  as  has  been  described. 

Even  dilute  solutions  of  7-invertan  yield  the  characteristic  copper 
compound  common  to  all  the  series.  This  is  probably  the  copper  com- 
pound of  7-invertan,  as  we  shall  show  in  the  case  of  several  other 
members  of  the  series,  that  we  are  able  to  convert  them  into  the 
copper  compound,  and  then  recover  them  without  alteration.  This 
componnd  is  extremely  difficult  to  purify,  and  it  seems  to  have  the 
same  tendency  to  split  up  as  the  uncombined  invertan.  We  have, 
therefore,  only  been  able  to  obtain  the  copper  compound  of  f-inver- 
tan  in  a  pure  state.  We  shall  treat  of  this  compound  under  a 
separate  heading. 

We  believe  we  have  observed  that  a  solution  of  7-invertan  has 
the  power  of  dissolving  traces  of  finely-divided  a-invertan,  but  the 
amounts  dissolved  were  too  small  for  experiment.  7-Invertan  dried 
in  thin  plates  becomes  a  glassy  mass.  The  dried  preparation  keeps 
unaltered  an  indefinite  time. 

If  a  concentrated  solution  of  the  substance  is  allowed  to  stand  for 
a  long  time,  the  invertan  seems  to  assume  a  modified  form.  It 
becomes  extremely  viscous,  and,  with  difficulty,  miscible  in  water. 
The  optical  activity  is  not  altered,  and  its  other  properties  seem  to 
be  unaffected.  This  state  appears  to  correspond  with  the  meta-state 
of  the  gum  acids  and  similar  substances.  It  is  not  easy,  however, 
to  reconvert  these  changed  bodies  into  the  ordinary  state ;  raising 
to  the  boiling  point  seems  to  be  the  moat  effectual  plan. 

With  Millon's  reagent,  7-invertan  gives  no  reaction  in  the  cold ; 
but  on  heating,  the  solution  becomes  a  fine  pink  colour. 

B'Invertan. 

PrepanUion. — This  has  already  been  described  under  the  heading 
'^  Splitting  up  of  Invertase,"  w^ere  we  also  showed  that  it  was  a 
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homogeneous  substance.     It  is  also  formed  bj  the  breaking  down  of 
7-inyertan. 
AnatyitB. — 

Tablv  XXXY. — AnaXyHe  of  ^Invertan. 


Sample. 

Constituents  of  substance  free  from  ash. 

Ash. 

C. 

H. 

N. 

A 

46-5 

6-82 

2-31 
2-21 
2-69 
2-26 

B 

O 

D 

1*4 

The  preparation  of  all  these  foar  samples  has  been  described  under 
the  heading  "  Splitting  np  of  Invertase."  The  average  of  the 
nitrogen  estimations  of  C  and  D  samples,  the  two  most  purified,  is 
N  =  2-43  per  cent. 

Properties, — Solutions  of  5-invertan  are  liable,  especially  in  the 
presence  of  acid  alcohol,  to  split  up  into  an  insoluble  invertan  and 
€-invertan.  We  shall  give  an  example  of  this  under  the  latter 
heading.  The  optical  activity  we  have  already  shown  under  the 
heading  "  Splitting  up  of  Invertase,"  to  be  about  [«])  =  -f-54*. 

The  remaining  properties  are  given  under  the  heading  "  7-In- 
vertan.** 

e-Invertan, 

Preparation, — If  we  refer  back  to  the  heading  «-Invertan,  we 
shall  find  that  in  the  preparation  of  the  A  sample  we  broke  up 
the  invertase  into  a-invertan  and  a  substance  soluble  in  water. 
This  latter  was  fractionated  in  three  parts^  N,  O,  and  P.  Their 
optical  activity  was  as  follows :— -N,  [«] j  =  +  Tl*?"*,  O  =  +  64-5**,  and 
P  =-f  65*0^.  Fractions  O  and  P  were  mixed,  and  constitute  the 
B  sample  of  €-invertan  analysed  below. 

In  the  above  case  6-invertan  was  obtained  directly  from  invertase. 
We  will  now  give  an  instance  of  its  preparation  from  ^-invertan. 
This  experiment  was  done  for  the  purpose  of  obtaining  some  carefully 
purified  5-invertan,  but  the  latter  broke  down  during  manipulation. 

Several  fractions  of  fairly  pure  ^invertan  were  dissolved  together 
in  water,  and  weak  alcohol  was  slowly  added  until  the  solution 
became  a  milk.  A  small  precipitate  fell  out,  which  was  redissolved 
in  water  and  again  carefully  milked.    The  minute  precipitate  which 
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fell  out  this  time  wan  not  soluble  in  water,  and  it  was  discarded.  The 
milks  were  all  added  together. 

We  now  proceeded  to  fractionate  this  milk  with  the  utmost  care 
by  means  of  minute  drops  of  very  dilute  hydrochloric  acid  added  with 
vigorous  stirring.  By  this  means  we  obtained  a  colourless  syrup  on  the 
sides  and  bottom  of  the  vessel.  After  standing  a  few  hours,  tiie  milk 
was  decanted  ofF,  and  a  further  amoant  of  acid  added  to  it  with  the  same 
precautions.  After  four  fractions  had  been  thrown  out^  the  solution 
was  no  longer  a  milk,  but  was  quite  clear,  and  contained  nothing  in 
solution  that  could  be  thrown  ont  by  alcohol  or  acid.  The  optical 
activity  of  the  four  fractions  was  A,  [«]y  =  65*4**,  B  =  65-8',  C  = 
65*1^,  D  =  60*0°.  It  is  evident  from  this  that,  except  abont  one-half 
of  the  D  fraction,  all  the  ^invertan  had  been  converted  into  e-inver- 
tan.  The  A,  B,  and  C  fractions  were  added  together.  Their  united 
weight  was  15  grams,  and  the  mixture  constitutes  the  G  sample  of 
c-invertan. 

We  undertook  many  experiments  with  a  view  if  possible  to  divide 
€'invertan  into  fractions  of  different  optical  activity.  The  following 
is  one  of  them : — 

In  the  preparation  of  7-invertan,  the  two  original  fractions  had 
[«]y  =  +  64*  and  45*.  The  former  of  these  was  dialysed  with  hydro- 
chloric acid  for  several  days;  after  that 'it  was  very  carefully  pre- 
cipitated with  alcohol  and  acid  into  five  fractions,  A,  B,  C,  D,  and  £. 
A  and  E,  being  only  very  small  fractions,  were  discarded ;  G  also  was 
small,  and  the  bulk  of  the  substance  was  contained  in  B  and  D*  The 
optical  activity  of  these  two  fractions  was  found  to  be  B,  [«]  ^  =  -f  65*4', 
and  D  =  +659''.  Remembering  that  the  original  substance  had  [a]j 
=  +64^,  this  evidence  of  its  homogeneity  may  be  considered  com- 
plete. 

It  was,  however,  our  wish  still  further  to  test  the  homogeneity  of 
e-invertan.  With  this  object  we  undertook  a  long  series  of  fractional 
precipitations  conducted  on  a  principle  similar  to  that  adopted  by 
Grookes  in  dealing  with  the  rare  earths  ('*  Fractionation  of  Yttria," 
Brit.  Assoc.  Bep.y  1886).  To  a  somewhat  dilute  acid  solution  of  a  fairly 
pore  e-invertan,  alcohol  was  added  with  great  care,  until  a  slight 
haze  appeared  in  the  solution ;  it  was  then  allowed  to  stand  until  the 
next  day.  The  fall  in  temperature  during  the  night  caused  a  con- 
siderable syrupy  precipitate  to  separate.  The  mother  liquor  was 
poured  ofE  and  again  treated  in  the  same  manner.  In  this  way  the 
substance  was  first  divided  into  three  fractions,  labelled  A,  B,  and  C. 
Then  these  were  again  subdivided  into  A|,  At ;  Bi,  B| ;  Gi,  and  Gt. 
The  fraction  Ai  was  kept  by  itself.  As  and  Bi  were  mixed  ;  Bt  and 
Gi  were  mixed,  and  d  was  kept  by  itself,  so  that  the  three  fractions 
had  become  four.  These  four  were  then  repeatedly  treated  in  a  similar 
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manner,  anfcil  at  last  the  number  of  fractions  had  increased  to  eight. 
The  two  end  fractions,  being  very  smaU,  were  discarded.  The  six 
middle  ones  had  [a]^-  =  +70•5^  +720°,  ^-68•6^  +700°,  +700%  and 
+  70'9°.  There  was  also  considerable  coloration.  It  is,  therefoie, 
evident  that  the  substance  is  being  converted  into  f-invertan,  and  this 
method  is  valueless  as  regards  €-invertan.  We  applied  it  with  better 
results  to  ^-  invertan. 

Analyns. — 

Table  XXXVI,— I^e  Analysis  of  e^Invertan. 


Sample. 

CoDstituents  per  cent,  on  substance  free  from  ash. 

Ash. 

C. 

5. 

N. 

A 

44-80 
44-56 
4400 

6-48 
6-31 
6-31 

2-09 
2  07 
2  06 

1-00 

B 

0*62 

c 

0-60 

We  have  already  shown  how  samples  B  and  C  were  prepared; 
the  A  sample  was  obtained  in  exactly  the  same  manner  as  B.  We 
have  no  reason  to  suppose  that  one  of  these  is  purer  than  the  other, 
so  we  take  the  mean  of  the  three  aa  the  neai*est  approach  to  the 
composition  of  e-invertan. 

C  =  44-45  per  cent.,    H  =  6*36  per  cent.,    N  =  2"07  per  cent. 

Properties, — We  have  shown  how  the  members  of  this  series 
break  down,  especially  in  the  presence  of  acid  and  alcohol,  into 
two  substances,  one  soluble  and  the  other  not.  The  soluble  sub- 
stance is  generally  that  member  of  the  series  next  below  the  one 
originally  present.  The  insoluble  one,  on  the  other  hand,  contains 
much  more  nitrogen  than  the  original  substance.  In  the  case  of  the 
splitting  up  of  invertase,  we  showed  this  insoluble  substance  to  be 
a-invertan.  The  insoluble  substance,  produced  by  the  breaking 
down  of  a<  and  c-invertan,  is  exactly  similar  in  appearance  and 
properties  to  o-invertan,  but  from  previous  observatioDs.  we  had 
made  we  were  not  satisfied  that  it  was  this  substance,  so  we  made  the 
following  experiment : — 

A  well-purified  mixture  of  ^  and  €-invertan  with  aa  optical 
activity  [a]^-  =s  +60**  was  dissolved  in  water.  It  yielded  a  olear 
solution.  A  large  excess  of  dilute  hydrochloric  acid  was  added,  and 
then  sufficient  alcohol  to  cause  cloudiness.  It  was  now  allowed  to 
stand  several  days,  a  little  weak  alcohol  being  added  oooasionally.    A 
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e,  floccnleni  precipitate  slowly  fell  out.  This  was  filtered  off 
purified  by  repeatedly  mixiog  with  water,  then  throwing  down 
I  the  weakest  possible  alcohol,  and  filtering,  the  washings  being 
ad  to  the  original  filtrate.  The  miztni*e  was  by  this  means 
ded  into  two  parts,  nothing  having  been  discarded.  The  por- 
in  the  alcobolio  solution  was  totally  precipitated  by  strong 
hoi.  It  fell  out  as  a  colourless  syrup  which  on  examination 
vred  an  optical  activity  of  [«]y  =  +69'6''.  The  portion  insoluble 
rater  was  dehydrated  and  dried  in  a  vacuum  ;  it  showed  no  tendency 
bake  on  colour.  On  combustion  with  copper  oxide,  it  yielded 
per  cent.  N. 

he  analysis  of  «-invertan  showed  8*35  per  cent,  of  nitrogen.  Either, 
refore,  this  was  a  different  substance,  or  it  was  a  mixture  of  eqinal 
\8  of  a-invertan  with  €-  or  f-invertan.  From  our  experience  of 
comparatively  small  amount  of  difficulty  of  separating  »-inver- 
from  the  soluble  members  of  the  series,  we  should  say  that  this 
er  supposition  was  not  tenable. 

n  order  to  obtain  further  evidence  on  this  point,  we  mixed  the 
rdered  substance  with  water.  It  sw^led  up  into  a  thick  jelly.  A 
drops  of  weak  alkali  caused  immediate  solution,  and  we  were 
3  to  t^e  a  reading  in  the  polarimeter.  The  result  showed  a  slight 
tro-rotation,  probably  aboat  +20^.  This  is  about  what  might 
ixpected  from  the  mixture  above  described. 

^hfi  solution  was  then  diluted,  acidified,  and  alcohol  slowly  added, 
soon  as  the  precipitate  showed  signs  of  falling  out,  the  solution 
I  put  by  for  a  day  and  then  filtered.  The  filtrate  yielded  with  more 
>hol  a  well-marked,  syrupy  precipitate  completely  soluble  in  water. 
)  insoluble  portion  was  dried  and  found  to  contain  6*02  per  cent.  N. 
i^rom  these  facts  it  may  be  argued  that  the  insoluble  substance  was 
ply  a  mixture  of  a-  and  f-iuvertan.  We  are,  however,  of  opinion 
t  there  are  some  members  of  the  series  between  a-  and  /9-invertan, 
ause  we  think  that  if  the  soluble  substance  separated  in  the  last 
Bipitation  had  been  there  earlier  we  could  not  have  failed  to  have 
x>vered  it.  These  componnds  must  be  very  unstable,  and  we  do 
at  present  see  any  means,  other  than  that  we  have  employed,  of 
ving  their  existence.  We  believe  that  S-  and  e-iuvertan  in  break- 
down respectively  into  e-  and  t-invertan  do  not  yield  a-invertan« 
some  C(»npound  or  compounds  situated  between  «-  and  /3-inver- 
.    These,  however,  being  unstable  substances,  are  soon  converted 

>  «-invertan  and  another  member  of  the  series  containing  less 
rogen. 

n  order  to  test  whether  an  invertan  is  split  up  by  being  converted 

>  the  copper  compound,  we  took  some  of  the  same  mixture  of 
,nd  c-invertan  ([a]^*  =s  ^-BO"")  which  was  used  in  the  last  experi* 
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ment,  and  carefully  added  copper  sulphate  diBSolved  in  excess  of 
ammonia  and  a  little  potassium  hydroxide.  The  precipitate  does  not 
fall  out  all  at  once,  so  it  was  allowed  to  stand  all  night.  The  solution 
was  then  decanted  off,  acidified,  and  a  large  excess  of  alcohol  added. 
There  was  no  precipitate.  The  copper  compound  was  dissolved  in 
a  little  weak  acid.  A  large  excess  of  alcohol  was  added,  which  pro- 
duced a  colourless  precipitate.  Afber  deducting  the  weight  of  the 
ash,  this  was  found  to  have  [«]y  =  +63*0°,  showing  a  gain  of  S"*. 
This  is  probably  not  more  than  can  be  justly  attributed  to  the 
ordinary  breaking  down  of  the  invertan,  and  it  conclusively  shows 
that  the  copper  oxide  combines  with  the  d-  and  6-invertan,  and  may 
be  again  separated  from  them  without  altering  them.  We  may  add 
that  the  precipitate  showed  decided  signs  of  containing  some  of  the 
meta-variety  of  the  invertans. 

The  optical  activity  of  the  three  samples  of  e-invertan,  of  which 
we  have  given  the  analysis,  was  A,  [«]y  =  +65*1®,  B  ==  +64*8*,  and 
C  =  +65'4°.  Another  sample  that  we  fractionated  with  great  care 
had  lci]j  =  +65-6**.    The  mean  of  these  four  is  [ci]j  =  -f  66-2*. 

The  remaining  properties  are  given  under  the  heading  ''  7-InTer« 
tan." 

^-Invertan, 

Preparation. — f -Invertan  may  be  obtained  in  two  ways ;  either  by 
the  slow  breaking  down  of  e-invertan,  or  by  the  action  of  an  alkaline 
solution  of  copper  oxide  on  «-invertan. 

As  to  the  former  method,  we  have  already  shown  in  the  prepara- 
tion of  6-invertan,  that  on  attempting  to  purify  that  substance  by 
frequent  precipitations  with  acid  alcohol,  we  obtained  a  series  of  frac- 
tions having  an  optical  activity  [a]y  =  -h  70*,  or  more.  The  e-invertan 
being  a  more  stable  substance  than  either  7-  or  ^-invertan,  this  trans- 
formation is  slower  than  in  their  case.  We  have,  however,  made 
several  preparations  of  ^-invertan  by  this  means.  We  find  the 
breaking  down  to  be  most  rapid  when  the  invertan  is  in  very  dilute 
solution,  and  a  large  excess  of  acid  is  present.  When  sufficient 
alcohol  is  added  to  form  a  cloud  in  the  solution,  a  day's  rest  should 
be  given,  and  then  a  little  more  alcohol  added,  and  so  on  for  several 
days. 

In  this  manner  there  is  no  difficulty  in  preparing  {T-ii^vertan  from 
e-  or  even  d-invertan. 

The  preparation  of  (f-invertan  from  at-invertan  by  means  of  the 
copper  compound  precipitated  in  the  presence  of  a  very  large  excess 
of  alkali  has  already  been  partly  described  under  the  heading  "  Yeast 
Albuminoid  derived  from  Invertase."  The  copper  compound  thus 
obtained  was  dissolved  in   weak  add,  and  purified  in  the  usual 
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manner,  and  dmded  into  two  fractions,  x  and  y,  whicli  gave  the 
following  results  :— 

Fraction  x [a]y  =  +  75-5*.     D  =  3-95. 

„       y [a]^=  +76T.    D  =  4'00. 

The  mixture  of  these  two  fractions  constitutes  the  sample  marked 
O  in  the  table  of  analjses. 

The  peculiarity  of  (T-in^ertan  prepared  in  this  manner  is  that  it 
more  resembles  the  meta-modification  than  the  ordinary  ^-invertan, 
and  we  have  not  been  able  to  convert  it  into  the  ordinary  form. 

This  may  be  due  to  the  excessive  amount  of  alkali  which  it  is 
necesary  to  use.  The  precipitate  caused  by  alcohol  falls  out  rather 
differently,  and  it  is  not  a  colourless  syrup,  but  forms  a  tough,  white 
skin  at  the  bottom  of  the  beaker.  This  skin  is  only  very  slowly 
soluble  in  water.  From  these  indications  it  might  be  thought  that 
this  is  not  (f-invertau,  but  we  are  strongly  opposed  to  this  view 
for  the  following  reasons.  With  the  exception  of  the  differences 
noticed  above,  it  has  the  same  characteristics  as  ordinary  t-ii^v^rtan. 
It  has  the  same  optical  activity,  and  gives  approximately  the  same 
numbers  on  combustion.  It  yields  a  copper  compound  under  similar 
conditions,  though  this  substance  seems  to  partake  slightly  of  its 
peculiarities.  Lastly,  we  have  often  noticed  that  the  conversion  of 
any  invertan  into  the  copper  compound  sometimes  causes  it  to  assume 
the  meta-form  after  recovery,  though  generally  speaking  the  invertan 
is  not  so  affected.  We  have,  however,  never  seen,  under  other 
circumstances,  so  complete  a  modification  as  occurs  in  the  breaking 
down  of  a-invertan.  On  the  whole  we  have  little  doubt  that  this 
substance  is  Jf-invertan  in  the  meta-form. 

We  have  also  prepared  f-invertan  from  the  other  members  of  the 
series  by  converting  them  into  the  copper  compound,  and  then 
freeing  them  from  copper  by  dissolving  in  hydrochloric  acid  and 
precipitating  with  alcohol.  As  we  have,  however,  already  shown 
that,  at  least,  some  members  of  the  series  are  not  altered  by  this 
process,  we  think  that  the  conversion  is  not  due  to  the  formation 
of  the  copper  compound,  but  to  the  manipulation  and  fractionation 
which  the  snbstance  undergoes.  As  an  instance  of  Jf-invertan  pre- 
pared in  this  manner  directly  from  invertase,  it  will  be  recollected 
that  in  the  preparation  of  the  A  sample  of  a-invertan,  a  small  pre- 
cipitate was  separated  by  means  of  Fehling*s  solution.  The  invertan 
was  recovered  from  this  precipitate,  and  divided  into  two  fractions, 
having  R,  [«];•  =  +75-0"  and  S,  =  -|-72-0^ 

The  former  of  these  constitutes  the  D  sample,  the  analysis  of 
which  is  given  below. 

We  have  also  prepared  {T-ii^^e^tan  from  e-invertan  by  the  same 
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means,  and  samples  E  and  F  are  from  tMa  sonroe.  These  gave  on 
optical  activity  of  B,  [a\j  =  +  78-5°  and  P,  =  76^^ 

t-Invertan  prepared  in  this  manner  does  not,  as  far  as  we  can  see, 
differ  in  any  way  from  that  obtained  by  the*  slow  breaking  down  of 
€-invertan  by  means  of  alcohol  and  acid,  thongh,  jndging  by  other 
experience,  we  believe  it  wonld,  under  some  circamstanoes,  partially 
assume  the  meta*-form. 

In  order  to  thoronghly  test  the  purity  of  f-invertan,  we  sub- 
mitted it  to  the  exhaustive  process  of  fractionation  we  have  already 
referred  to  in  the  preparation  of  €-invertan  as  Grookes'  method. 
A  considerable  number  of  fractions  having  [«]/  =  +  72°  —  78^ 
were  mixed,  and  submitted  to  very  careful  fractionation  in  the 
manner  then  described.  We  obtained  in  this  way,  by  means  of 
between  40  and  50  precipitations,  10  fractions.  These  were  reduced 
to  eight  by  discarding  the  very  small  one  at  each  end.  The  others 
gave  the  following  results:— A,  [•],  =  +76-6*';  B,  =  +75-0°; 
C,  D,  E,  and  P  were  not  tested  :  G-,  =  +75-6*;  and  H,  =  73-0*. 
A  and  H  were  only  very  small  fractions,  and  were  discarded.  The 
remaining  six  fractions  were  mixed,  and  again  carefully  fractionated 
into  three  parts.  These  form  the  samples,  A,  B,  O,  the  analysis  of 
which  is  given  below.  It  was  almost  impossible  to  obtain  a  trust- 
worthy reading  of  these  fractions  in  the  polarimeter,  as  they  had 
taken  on  some  colour,  and  a  kind  of  black  opalescence.  However,  we 
made  out  that  the  G  sample  had  [a^j  ss  +73' 7°,  and  the  divisor  was 
3-85. 

These  figures  leave  not  -the  slightest  doubt  that  ^-invertan  is  a 
homogeneous  substance.  They  also  show  it  to  be  very  stable ;  in- 
deed, we  have  only  been  able  to  alter  it  by  boiling  with  sulphuric 
acid,  and  then  only  slowly. 


Analysis, — 

Table  XXXVIL- 


"The  Analysis  of  ^•Iwomian. 


Sample. 


CoiiBtititents  per  cent,  on  substance  free  from  ash. 


N. 


Ash. 


A 

B 

C 

D 

i:::::::::::::} 

Gt 


44*74 
44*45 
44-76 
44-98 

44-78 

45  10 


6  88 
6  13 
6-26 
6  48 

6-75 

6-73 


1-55 
1-50 
1-84 

1-50 
1-68 
1-86 


0-60 
0-40 
0-38 
0-67 

1*46 

1-6 
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We  have  already  detailed  the  origin  of  these  samples.  We  may 
classify  them  as  follows : — ^A,  B,  and  G  were  obtained  by  the  slow 
breaking  down  of  invertase,  and  the  intermediate  products  nnder  the 
influence  of  alcohol  and  acid.  D,  E,  and  F  were  obtained  from  the 
same  source  by  means  of  the  copper  compound.  Qt  was  obtained  by 
the  same  means  from  a-inverian,  and  it  was  in  the  m^^a-state.  If 
we  omit  the  G  sample,  we  obtain  as  the  mean  of  the  others — 

C  =  4478  p.  c,        H  =  6-40  p.  c,        N  =  1-61  p.  c, 

and  we  take  this  as  probably  near  the  truth. 

Properties. — Solutions  of  f-invertan  are  not  liable  to  break  down 
under  any  ordinary  circumstances,  though  they  slowly  take  on 
colour.  Its  optical  activity  is  about  [a]j  =  -|-  75®.  We  have  obtained 
numbers  as  low  as  [a]y  =  +73*6°,  and,  one  occasion,  as  high  as 
[ci]j  =  +78*7°,  but  we  have  little  doubt  that  the  number  we  have 
mentioned  is  approximately  correct. 

The  properties  given  under  the  heading  7-invertan  as  common  to 
most  of  the  soluble  members  of  the  series  also  apply  to  S'-iuverian. 

Some  further  properties  of  this  compound  are  given  under 
separate  headings,  namely: — The  molecular  weight,  the  absorption 
spectrum,  and  the  action  of  boiling  sulphuric  acid. 

Molecular  WeigJU  of  ^-Invertan, 

The  three  preparations  of  dry  ^-invertan,  which  were  analysed  under 
the  designation  A,  B,  and  C  samples,  were  mixed,  and  an  attempt 
was  made  to  determine  the  molecular  weight  of  the  mixture  by  means 
of  Baoult*s  freezing  method.  We  followed  the  details  of  the  process 
as  described  by  Auwers  (Ber.,  21,  712).  The  powdered  invertan 
was  left  for  16  hours  in  a  current  of  dry  air  at  100°.  It  was  then 
liissolved  in  a  small  quantity  of  water,  and  boiled  vigorously  for 
half-an-hour.  This  was  done  to  be  certain  of  getting  rid  of  any 
alcohol  that  the  dried  substance  might  have  retained.  The  solution 
was  found  to  contain  6*19  grams  ^-invertan  per  100  c.c,  equal  to 
sp.  gr.  =  1023'8  (D  =  3*85).  The  zero  point  of  the  thermometer 
was  determined  by  observing  the  freezing  point  of  pure  water. 
The  freezing  point  of  the  invertan  solution  was  next  twice  deter- 
mined. In  the  first  experiment  the  depression  was  0*07%  and  in 
the  second  0•06^  the  mean  being  0*066°. 

This  number  calculated  in  the  manner  given  by  Auwers  is  equal  to 

a  molecular  weight  of  1881  (19  -h  ^^'^^^^^'^^^  =  1881). 

If  we  take  into  consideration  the  fact  that  there  was  present  in 
the  solution  about  0*4  per  centi  of  ash,  consisting  p^rincipally  of  the 
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aoid  phosphate  of  potash  with  a  molecular  weight  of  136,  we  do  not 
affect  any  material  alteration  in  the  number,  merely  increasing  it  to 
1888.  This  is  yery  much  smaller  than  we  consider  probable  for  the 
compound,  aa  we  shall  show  under  the  heading  ''Constitution  of 
the  Invertan  Series." 

Absorption  Spectrum  of  ^-Invertan, 

We  have  stated  on  several  occasions  that  there  was  great  diffi- 
culty with  invertan  solutions  in  obtaining  readings  in  the  polari- 
meter,  even  when  the  solutions  were,  comparatively,  only  slightly 
coloured,  and  clear.  There  is,  too,  a  certain  black  look  about 
such  solutions  which  caused  us  to  think  that  probably  some  well- 
marked  absorption  bands  existed.  We,  therefore,  examined  the 
solution  used  in  the  last  experiment  but  we  did  not  observe  any 
traces  of  a  band,  although  a  considerable  portion  of  the  violet  end  of 
the  spectrum  was  cut  off. 

In  view  of  Professor  Hartley's  researches,  a  more  extended  in- 
vestigation of  the  absorption  spectrum  would  probably  yield  valuable 
Insults. 

Action  of  BoUing  Sulphuric  Acid  on  Invertan. 

This  reaction  requires  more  investigation  than  we  have  been  able 
to  give  it  so  &r. 

We  boiled  some  mixed  solutions  of  c-  and  t'ln^^rtans  of  sp.  gr. 
1068  with  5  per  cent,  of  strong  sulphuric  aoid.  The  copper  reaction 
slowly  decreased,  and  on  those  occasions  when  the  boiling  was  con- 
tinued sufficiently  long  it  disappeared  altogether. 

On  one  occasion,  when  about  60  grams  of  invertan  was  used,  we 
stopped  the  boiling  before  this  reaction  had  disappeared — 1^  hours 
from  the  start.  The  solution  was  very  carefully  and  slowly  neutral* 
ised  with  baryta-vrater  and  filtered.  Alcohol  was  added  to  the  filtrate, 
and  a  precipitate  was  obtained  having  all  the  characteristics  of  the 
invertan  series,  including  the  copper  reaction ;  it  was  purified  in  the 
usual  manner.  It  weighed  7  grams,  and  was  found  to  have  [«]/  =: 
-f  76•7^  D  =  3-95,  and  N  =  1-05  per  cent.  We  shall  describe  this 
compound  under  the  heading  tf^ Invertan.  The  mother  liquor  left  after 
the  separation  of  this  substance  was  evaporated  in  a  vacuum  to  a  syrup. 
The  addition  of  0*82  alcohol  produced  a  further  precipitate  which, 
however,  was  considerably  coloured.  It  was  purified  as  before.  It 
was  much  more  soluble  in  alcohol  than  the  last  precipitate,  and  was 
too  coloured  to  be  read  in  the  polarimeter.  The  dry  substance  con- 
tained 3'34  per  cent.  N. 

The  remaining  solution  was  several  times  evaporated  to  a  syrap. 
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and  taken  np  with  dry  methyl  alcohol;  each  time  there  was  a 
floccnlent  precipitate,  bnt  the  greatest  care  has  not  enabled  ns  to 
obtain  a  crystallisation  from  the  methyl  alcohol  solution.  The  sub- 
stance in  solution  constitutes  a  large  percentage  of  the  original  in- 
verfcan,  and  it  is  probably  a  new  carbohydrate.  It  has  a  high  cupric 
oxide  reducing  power.  On  this  occasion  it  gave  K  =  84*9  and  [a]y 
=sH-10'7®.  A  syrup,  prepared  at  another  time  in  a  similar  manner, 
gave  numbers,  K  =  108  and  [«]y  =  +21®  and  -f  16**.  Some  ?-invertan 
which  we  boiled  with  sulphuric  acid  until  it  ceased  to  give  the  copper 
compound  yielded  two  substances,  one  soluble  and  the  other  insoluble 
in  ijcohol.  The  insoluble  portion  had  an  optical  activity  of  [a]y  =? 
-f67°,  and  no  action  whatever  on  Fehling's  solution.  The  portion 
soluble  in  alcohol  had  [a]y  =  +  22*2''  and  K  =  120*6  ;  the  reduction  of 
the  cupric  oxide  was  very  slow.  In  this  case,  as  in  every  other,  we 
completely  failed  to  obtain  any  crystallisation  from  the  reducing 
solution,  though  we  took  considerable  pains  to  do  so. 

We  are  proceeding  with  a  further  study  of  the  products  of  this 
reaction. 

if'Invertan, 

Prepa/ratian. — ^We  believe  this  to  be  the  first  product  of  the  action 
of  sulphuric  acid  on  f-invertan  (see  special  heading).  We  have  only 
made  preliminary  experiments  in  this  direction,  and  have  not  had 
enough  of  this  substance  to  submit  it  to  the  necessary  exhaustive 
fractionation. 

Analysis. — We  have  not  thought  it  worth  while  to  estimate  more 
than  the  nitrogen,  which  we  found  in  the  sample  under  examination 
to  be  1*05  per  cent. 

Properties, — Much  the  same  as  those  of  the  rest  of  the  series.  It 
is  readily  soluble  in  water,  and  is  thrown  out  of  solution  by  alcohol, 
even  when  the  solution  is  neutral.  Our  preparation  yielded  with 
Milion's  reagent  a  coloration  so  slight  that  we  took  it  to  be  due  to 
impurities.     It  yields  a  copper  compound,  like  the  rest  of  the  series. 

Optical  Activity, — Our  sample  gave  [a]y  =+757°,  D,  3-95. 

It  would  seem,  at  first  sight,  as  if  we  had  hardly  sufficient  grounds 
for  asserting  the  existence  of  9/-invertan  ;  it  might  be  looked  upon  as 
a  mixture  of  ^-invertan  with  some  substance  containing  less  nitrogen* 
Opposed  to  this  is  the  fact  that  the  substance  from  which  we  sepa- 
rated it  contained  much  more  nitrogen  than  ^-invertan,  and,  more 
important  still,  such  a  mixture  would  give  a  vivid  coloration  with 
Millon*s  reagent,  which  was  not  the  case.  We  shall  show  later  that 
the  existence  of  f^-invertan  might  have  been,  and,  indeed,  was  pre- 
dicted from  the  constitution  of  the  rest  of  the  series,  and  that  prob- 
ably it  is  the  lowest  member. 

We  are  proceeding  with  a  further  study  of  this  substance. 
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Invertan  Copper  Compounds, 

Preparation, — If  an  alkaline  solution  of  copper  oxide  ig  added  to 
a  solution  of  anj  member  of  the  inrertan  series,  together  with  a 
sufficient  excess  of  potassium  hydroxide,  a  rerj  voluminous,  blue  pre- 
cipitate is  formed.  The  precipitate  adheres  strongly  together,  form- 
ing a  mucilagpinous  mass  filling  the  whole  liquid.  This  forms  a  very 
delicate  reaction  for  the  members  of  this  series;  but  if  o-invertan 
only  is  present,  a  very  large  excess  of  potassium  hydroxide  is  required 
to  produce  the  precipitate. 

We  have  found  it  practically  impossible  to  obtain  this  cappeir  com^ 
pound  in  a  pure  state,  and  we  believe  that  several  different  ones 
exist.  The  voluminous  precipitate  carries  down  with  it  almost  every- 
thing that  is  in  the  solution  :  and  it  is  hopeless  to  tiy  to  wash  it.       > 

The  freshly-precipitated  invertan  copper  compound  is,  with  some 
difficulty,  soluble  in  water.  The  presence  of  large  quantities  of 
ammonia  does  not  seem  to  decrease  its  solubility:  but  it  tm  much 
less  soluble  in  water  containing  potash  or  soda,  and  quite  insoluble 
in  alcohol.  Hydrochloric  acid  immediately  decomposes  it,  yielding 
copper  chloride  and  invertan.  Taking  these  facts  into  consideration, 
we  have  attempted  to  prepare  the  pure  compound  by  the  following 
method : — 

To  a  weak  solution  of  f-invertan  a  little  weak  Fehling's  solation 
was  added  slowly,  the  precipitate  allowed  to  settle,  and  the  super- 
natant liquid  decanted  off.  A  little  alcohol  was  added  to  the 
precipitate,  which  was  then  collected.  It  was  digested  in  luke- 
warm water,  in  which  it  slowly  dissolved,  and  was  then  thrown  out 
by  means  of  alcohol.  This  purification  was  repeated  three  times.  A 
portion  of  the  precipitate  was  then  dried,  weighed,  and  ignited  ;  the 
ash  was  weighed,  then  bailed  with  water,  and  re  weighed.  The  dif* 
ference  in  weight  showed  8*1  per  cent,  of  soluble  ash.  For  reasons 
given  below  this  was  looked  upon  as  an  impurity,  and  was  deduoied 
from  the  original  weight  of  the  copper  compound.  The  remaining 
insoluble  ash  was  dissolved,  and  the  copper  oxide  estimated.  It  was 
thus  proved  that  the  whole  of  the  insoluble  ash  was  CuO ;  it  amounted 
to  14  per  cent,  on  the  original  copper  compound  after  deducting  the 
soluble  ash.  The  percentages  of  GuO  given  below  were  all  obtained 
and  calculated  in  this  manner. 

The  invertan  copper  compound  was  again  dissolved  in  water  and 
precipitated  by  alcohol  from  a  very  weak  solution.  It  contained 
15*0  per  cent.  CuO  and  0*6  per  cent,  soluble  ash.  This  is  the 
smallest  amount  of  soluble  ash  we  have  ever  obtained:  bat  we 
think  it  is  small  enough  to  render  it  most  probable  that  the  pore 
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compound  would  oontain  none.  The  copper  compoand  obtained  in 
this  manlier  contains  14 — 15  per  cent.  CaO»  If  the  precipitate  is 
filtered  out  and  repeatedly  redissolved  in  water,  and  reprecipitated 
with  potassinm  hydroxide,  it  always  contains  a  proportion  of  soluble 
ash  varying  from  3  to  12*4  per  cent.,  and  the  CuO  is  also  higher,  19 
to  23  per  cent.  A  precipitate  obtained  in  this  manner  was  dried  and 
powdered.  It  contained  12'4  per  cent,  of  soluble  ash.  The  fine  powder 
was  digested  for  a  long  time  in  water,  in  which  it  is  very  slowly 
soluble.  The  decanted  solution  was  always  allnline,  but  it  was  not 
found  possible  to  get  rid  of  all  the  soluble  ash.  In  the  end,  the  residue 
contained  CuO  18*6  per  cent.,  soluble  ash  4*4  per  cent. 

On  another  occasion,  an  excess  of  sulphate  of  copper  was  added  to 
a  solution  of  f-invertan,  and  the  compound  was  precipitated  from  the 
mixture  by  potassium  hydroxide  in  the  presence  of  ammonia.  Am- 
monia has  the  effect  of  consolidating  the  precipitate,  so  that  it  contains 
less  of  the  mother  liquor.  The  washed'  precipitate  was  redissolved  by 
nearly  neutralising  the  potassium  hydroxide,  and  then  reprecipitated 
by  fresh  potassium  hydroxide  and  ammonia.  Each  time  the  discarded 
solution  contained  less  of  the  excess  of  copper,  until,  on  the  fifth 
purification,  it  was  quite  colourless.  The  final  precipitate  contained 
21  0  per  cent.  CuO  and  2*3  per  cent,  of  soluble  ash. 

In  these  two  last  experiments  the  precipitates  were  obtained  in  the 
presence  of  a  large  excess  of  potassium  hydroxide,  and  the  results 
Were,  CuO  =i  18*6  and  21*0  per  cent.  We  performed  several  other 
similar  experiments-  with  approximately  similar  res  alts. 
"  Some  freshly-prepared  copper  compound  containing  23  per  cent. 
CuO  and  3  per  cent,  soluble  ash,  was  boiled  for  some  time  in  water* 
The  greater  portion  of  it  dissolved;  the  insoluble  portion  "Wslb  found 
to  contain  CaO  32  0  per  cent.,  and  soluble  ash  1*7  per  cent. 

It  will  be  noticed  that  we  have  only  attempted  to  prepare  the 
copper  compound  of  f  invertan.  We  have  already  shown  that  at  leasi 
som^  other  members  of  the  series  yield  copper  compounds.  On  the 
other  hand,  we  have  proved  that  a-invertan  is  broken  down  on  enter-, 
ing  into  the  combination. 

Wo  have,  however,  not  attempted  to  purify  the  compound  of  any 
other  member  of  the  series  than  f- invertan,. because  we  judge  that 
this  is  probably  the  most  stable,  and  that  the  others  would  be  even 
more  difficult  to  work  with  satisfactorily  than  this  one. 

Oanstitutwn. — It  seems  probable  from  the  above  that  we  have 
obtairied  three  distinct  compounds  of  ^oinvertan  with  copper  oxide, 
containing  approximately  the  following  amounts  of  CuO: — A  e= 
14—15  per  cent.,  B  =  18-6— 210  per  cent.,  and  C  =^  320  per  cent. 

Now,  if  the  molecule  of  f-invertan  contains  1  atom  of  nitrogen,; 
and  this  is  equal  to  about  1*6  per  cent.,  then  t-in^ertan  has  a  mole- 
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cular  weight  of  about  87%  <1400  -t-1'6).     Tkb,  ^mbined  with  GaO, 
would  give  the  following  percentages  :— 


f-Invertan  +  1  CuO  =    83  p.  c.  OuO. 
'         „  -h  2    ^,      =  15-4        „ 

^i    ,,      =21-4        „ 


(A  =s=  140  ^  15  p.  c). 
(B  =  18-6  -  21    „ 
(0  =  32'JO  p.  a). 


'Summary  of  the  Invertan  Series. 

Before  proceeding  further  with  a  consideration  of  the  results  just 
described,  we  may  here  conveniently  summarise  them. 

From  the  purified  invertase  solution  we  have  isolated  a  immber  of 
substances,  some  of  them  Yerj  much  alike  in  general  characteristics, 
but  differing  considerably  in  composition  and  optical  acti^ity^  They 
may  be  tabulated  as  follows:—* 


Table  XXXVIII. — Composition  of  Yeast  Albuminoid  and  of  the 
Inawrtan  Series. 


Bubstanoe. 

ConBtituento  per  cent,  on  Bubstanoe  free 
froma^h. 

approxivately. 

C. 

H. 

3sr. 

Yeast  albuminott..... 

54-06 

43-08* 

46-41 

45  ^g* 

46-50« 

44-45 

44-78 

7-85 

6-65* 

6-63 

6-55* 

6-82» 

6-86 

6-40 

14-58 
8-85 
8-69 
8-15» 
2-43 
2-07 
1-61 
l-OS* 

B'         .,       

y*          ,,        •»••• 

«-          „        ,- 

^54 

-f65 

?-    "  ;:.::.....' 

-f75 

»•      ^ 

+75«  (?) 

The  figures  marked  with  an  asterisk  were  obtained  from  the  analy- 
sis of  one  sample  only.  On  examining  these  numbers,  it  is  to  be 
observed  to  begin  with  that  theve  is  a  great  difference  between  the 
percentage  of  carbon  in  the  albuminoid  and  in  the  o-invertan ;  be- 
tween this  latter  and  the  next  member  of  the  series  the  drop  is  smaller, 
and  between  the  remaining  members  of  the  series  it  is  irregular,  due, 
no  doubt,  to  the  fact  that  we  were  not  analysing  abaolntely  pure 
substances,  but  still,  on  the  whole,  the  decrease  of  carbon  is  apparent 
even  here. 

The  same  observations  hold  good  for  the  percentage  of  hydrQgeiw 
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'    In    |^-mveTt£la    the   carbon    and    hydrogen    percentages    closely 
approach  a  carbohydrate. 

On  referring  to  the  nitrogen,  we  find  again  thi»  diminishes  from 
14'53  per  cent,  in  yeast  albamino'id  to  I'OS  per  cent,  in  9/-inyertan. 
Between  the  albaminoid  and  «-inyertan  there  is  a  large  drop  in  ni- 
trogen ;  between  «-  and  /9-invertan  the  diminution  is  proportionately 
large ;  bnt  from  this  downwards  the  decvease  is  gradnnl  and  steady. 
The  deerease  in  each  of  the  three  oonstitnenta  evidently  runs  in 
parallel  lines. 

From  these  &ota  the  idea  snggest^  itself  that  the  members  of  the 
series  are  mixtures,  in  yarions  proportions,  of  the  albuminoid  with 
^-inyertan,  or  indeed  with  a  carbohydrate,  bnt  no  other  fact  relating 
to  these  substances  gives  any  support  to  this  idea.  For  instance,  yeast 
albuminoid  after  being  dehydrated  with  alcohol  is  not  again  soluble 
in  water,  whilst  all  the  lower  members  of  the  invertan  series,  in-* 
eluding  ^-invertan,  dissolve  readily  to  perfectly  clear  solutions.  Then, 
again,  ot-invertan  is  a  substance  of  considerable  stability.  It  is  only 
by  treatment  with  strong  potash  and  an  alkaline  copper  solution  that 
it  can  be  broken  up  into  the  albuminoid  and  f-ii^vertan ;  after  this 
treatment  it  is  perfectly  easy  to  separate  the  two  products.  If  these 
substances  were  mixtures,  the  very  first  precipitation  with  alcohol  of 
properly  graduated  strength  would  separate  the  albuminoid  com- 
pletely; we  need  hardly  say  that  such  is  not  the  case. 

Let  us  now  turn  to  the  evidence  of  the  optical  activity.  The  sub- 
stance  with  which  we  started,  invertase  or  /9-invertan,  has  a  specific 
rotatory  power  of  about  [ajy  =  +80'.  This  sikbstanee,.  when  its  in- 
verting activity  is  destroyed  on  attempting  to  fractionate  it  by 
treatment  with  alcohol,  yields  two  bodies,  the  optical  activity  of  one 
of  which  is  about  [«]y  =  — 15*,  and  of  the  other  lm']j  =  +45*,  ov 
more  frequently  [»]y  =:  +54^.  No  calculation  is  necessary  to  show 
that  no  mixture  of  these  two  substances  could  have  an  activity 
[a}]  =  +80*.  In  the  same  way,  if  we  use  the  percentage  of  nitrogen 
as  a  factor,  it  is  clear  that  the  other  members  of  the  series  are  not 
mixtures ;  for  instance,  if  7-invertan  (3*15  per  cent.  N)  was  a  mix- 
ture of  »-  and  f-invertan,  its  optical  activity  would  be  [«]>  =^  +55* 
instead  of  the  observed  number  [a]j  =  +4$°.  The  difference  between 
the  optical  activity  calculated  for  mixtures  and  that  observed  for  the 
lower  members  of  the  series  is  not  so  great  as  for  those  mentioned, 
but  it  is  sufficiently  great  to  be  a  link  in  the  chain  of  evidence  against 
their  being  mixtures ;  that  they  are  of  high  stability  we  have  shown, 
that  their  optical  activities  do  not  agree  with  those  calculated  for 
mixtures  completes  the  evidence. 

If  we  now  refer  back  to  Table  XXXVIII  we  shall  see  that,  with  the 
exception  of  ^-invertan,  we  have  a  aeries  of  great  regularity,  and  we 
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feel  ourselves  justified  in  saying  that  between  /9-  and  ^-in vertan  "no 
member  has  been  overlooked. 

When  we  compare  the  remaining  properties  of  th«  members  of  the 
-series,  we  find  that  the  same  regularity  pervades  them.  The  one 
exception  to  this  rule  is  the  power  of  inverting  cane-sngar ;  this  is 
the  property  x)f  /5-invertan  only. 

The  two  stable  members  of  the  series  are  those  at  tke  extreme'  end?. 
'The  intermediate  members  are,  as  we  have  ivpeatedly  shown,  very 
liable  to  break  down,  and  whenever  this  happens,  the  immediate 
rprodncts  of  the  dissociatien  are  either  «-iiiveiian  or  a  substance 
nearly  allied  to  it,  and  the  member  next  below  tbe  one  so  dissociated. 
If  the  breaking  down  force  acts  sufficiently  long,  the  ultimate  pro- 
ducts of  the  reaction  are  0u  and  (f-invertan«  Omitting  «-invertan, 
we  find  that  each  succeeding  member  possesses  moi*e  stability  ^an 
•the  one  above  it. 

All  the  members  of  the  series  are  non-erystallisable,  undialysable, 
-and  colourless.  «-Invertan  is  insoluble  m  water ;  the  others  dissolve 
•resbdily,  forming  clear  but  viscoms  solutions  which  do  not  cloud  on 
boiling.  Their  divisor  is  about  -3:85.  Alkaline  or  neutral  solutions 
are  transformed  by  the  gradual  addition  of  alcohol  into  a  ntilk-Iike 
fluid  which  passes  unaltered  through  a  filter  and  will  not  dear. 
This  applies  also  to  alkaline  solutions  of  £c-invertan.  Acids  added  to 
the  milk  cause  rapid  precipitation.  The  a-invertan  falls  out  as  a 
large,  floccnlent  precipitate ;  )9-  and  7-invertan  are  more  inclined  to 
be  syrupy,  whilst  ^-,  e-,  -f-,  and  i;-invertan  form  heavy,  transparent 
syrups.  Any  of  these  precipitates  dried  in  thin  plates  becomes  a 
glassy  mass,  and,  with  the  exception  of  /9-iiivertan,  the  dried  pre- 
parations may  be  kept  unaltered  for  an  indefinite  period.  All  the 
members  of  the  series  yield  well-defined  copper  compounds,  but 
a-invertan  requires  to  be  broken  up  with  a  ^ery  large  excess  of  potas- 
sium hydroxide. 

For  the  other  properties  of  the  members  of  ihe  series,  we  refer  to 
the  separate  headings. 

We  may  note  here  that  althoogh  these  compounds  possess  many 
properties  in  common  with  some  of  the  gum  acids,  they,  however,  are 
in  no  way  related  to  those  substances,  inasmuch  as  the  ash  of  their 
neutral  solutions  is  never  alkaline* 


Part  V. — Thjboebtical. 
Theory  of  Inversion  hy  Invertase. 

When  we  look  back  over  the  whole  of  the  facts  we  have  adduced 
with  regard  to  the  action  of  invertase  on  cane-yiugar,  we  are  forc^  to 
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it  that  there  is  not  much  which  throws  light  on  the  actnal 
nistry  of  the  reaction.  We  haye,  however,  shown  that  hydrolysis 
avertase  is  a  simple  chemical  reaction,  differing  in  no  important 
icnlar  from  the  ordinary  chemical  reactions, 
rom  the  time  carve  of  the  reaction  it  is  easy  to  make  the  deduc- 
that  the  inyertase  itself  is  not  injured  or  destroyed  by  the  act  of 
irsion. 

Te  have  shown  that  the  time  onrvQ  is  the  one  that  expresses 
hemical  change  "of  which  no  condition  varies  excepting  the 
ination  of  the  changing  substance."  It  therefore  follows  that  the 
vitj  of  the  invertase  does  not  vary  daring  the  reaction, 
he  same  argument  shows  that  the  products  of  inversion  have  no 
lence  on  the  pace  of  the  reaction. 

ueoessary  corollary  of  the  fact  that-  invertase  is  not  injured  by 
rsion  is  that  there  is  no  limit  to  its  inverting  power.  This  we 
3  practically  shown  to  be  the  case. 

1  these  respects  the  action  of  invertase  on  cane-sugar  agrees  very 
sly  with  that  of  boiling  acids.  We  have  little  doubt  that  this 
ition  would  follow  the  same  curve  as  the  one  under  considera- 
» though  we  have  seen  no  figures  bearing  on  the  point. 
L  Table  XXXIV  we  have  shown  that  invertase  when  in  the  pre- 
e  of  cane-sugar  will  stand  without  injury  a  temperature  fully 
higher  than  in  its  absence.  This  is  a  very  striking  fact,  and, 
kr  as  we  can  see,  there  is  only  one  explanation  of  it,  namely,  the 
rtase  enters  in  to.  combination  with  the  sugar.  It  is  very  difficult 
fe  how  it  can  otherwise  be  explained.  Further,  this  combination 
'een  the  invertase  and  the  sugar  must  last  until  the  compound 
Nsule  comes  in  contact  with  another  molecule  of  cane-sugar,  other- 

towards  the  end  of  the  reaction,  when  cane-sugar  is  getting 
»,  the  invertase  would  be  destroyed  by  the  heat  in  the  intervals 
'een  the  combinations.  It  might  be  thought  that  our  experiment' 
he  molecular  weight  of  cane-sugar  nndei^oing  inversion  would 
w  some  light  on  this  point,  but  it  does  not  throw  much,  because 
rere  obliged  by  the  conditions  of  experiment,  to  make  allowance 
i  constant  error  in  the  observations,  and  this  constant  error 
d  include  the  error  due  to  the  combination  between  the  invertase 
sugar  if  it  existed.  It  may  be  held,  however,  to  show  that  in^ 
bse  does  not  combine  with  many  molecules  of  sugar  at  the  same 
We  ace  not  able  to  give  further  proof  of  the  combination, 
h  we  believe  to  exist,  between  invertase  and  sugar,  but  it  is 
ms  if  our  idea  is  right  that  the  sugar  must  be  inv^-sugar,  not 
>Be,  otherwise  if  much  invertase  was  used  the  optical  activity  of 
solution  at  the  end  of  the  reaction  would  not  show  complete 
•sion. 
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We  next  pass  to  the  oonsideration  of  the  phenomena  which  w^ 
have  called  the  residual  decrease,  particulars  of  which  are  given  in 
Table  VIII  (p.  853). 

We  will  briefly  restate  the  facts.  If  a  solntion  nndei^ing  inrer- 
sion  is  stopped  with  a  moderate  excess  of  a  canstic  alkali,  tbe 
optical  activity  immediately  drops  several  degrees,  and  then  remains 
constant.  If  only  a  small  amount  of  alkali  is  added,  the  drop  is  not 
sadden  but  gradual,  taking  an  hour  or  so  to  accomplish,  finally 
stopping  at  the  same  point  that  it  would  bave  done  if  much  alkali  had 
been  used,  and  the  fall  in  optical  activity  instantaneous.  In  one  of  the 
experiments  given,  this  sudden  drop  was  equal  to  the  inversion  of 
23*3  per  cent,  of  the  total  sugar  present.  We  have  there  also  shown, 
as  is  indeed  obvious,  that  this  residual  decrease  is  not  due  to  the  action 
of  the  alkali  on  the  sucrose.  At  first  sight  it  would  seem  as  if  we 
had  here  good  evidence  of  a  gigantic  combination  between  invertase 
and  cane-sugar,  and  for  some  time  we  thought  that  this  was  the  case. 
However,  our  experiment  on  "The  Molecular  Weight  of  Cane- 
Sugar  undergoing  Inversion  "  effectually  disposes  of  this  idea,  because 
the  figures  obtained  from  observations  of  the  freezing-point  oould 
not  fail  to  yield  well-marked  indications  of  a  combination  on  such 
a  large  scale,  and  to  vary  in  proportion  to  the  amount  of  the  residual 
decrease.  It  was  evident  that  an  explanation  of  this  very  striking 
fact  must  be  sought  elsewhere,  and  it  was  suggested  to  us  by  Mr* 
A.  L.  Stem  that  the  phenomenon  might  be  due  to  bi-rotation  of  the 
dextrose.  We  have  no  doubt  this  is  the  case.  We  made  several 
experiments  on  the  effect  of  adding  potassium  hydroxide  to  sola- 
tions  of  bi-rotatory  dextrose,  and  found  the  action  similar  to  that 
which  it  has  on  solutions  undergoing  inversion.  On  one  occasioo, 
for  instance,  the  optical  activity  of  the  dextrose  dropped  suddenly 
from  [a]/  =  +130*  to  [ajj  ==  -f  57.  It  was  shown  by  Brown 
and  Morris  (Trans.,  1888,  63,  614)  that  the  freezing-point  of 
solutions  of  dextrose  is  not  affected  by  bi-rotation.  This  agrees  with 
the  fact  observed  by  us,  that  in  a  solution  of  sucrose  undergoing 
inversion,  the  molecular  weight,  before  stopping,  calculated  from  the 
freezing-point,  is  identical  with  the  molecular  weight  after  stopping, 
calculated  from  the  optical  activity.  We  thus  see  that  the  assump 
tion  that  the  nascent  dextrose  is  bi-rotatory,  explains  in  erery  par- 
ticular the  facts  which  we  have  observed,  and  which  are  so  peculiar 
that  they  do  not  seem  capable  of  any  other  explanation.  We,  therr- 
fore,  think  ourselves  amply  justified  in  stating  that  the  nascent  dex- 
trose is  in  the  bi-rotatory  state ;  we  have  not  been  able  to  find  any 
previous  record  of  this  fact,  nor  of  the  one  that  the  bi-rotation  of 
dextrose  is  instantly  destroyed  by  potash. 

About  the  extraordinary  influence  of  minute  traces  of  acidity  on 
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the  reaction  we  bave  nothing  definite  to  say.  The  most  favonrable 
amount  of  acidity  is  not  in  proportion  either  to  the  amount  of  a 
given  invertase  preparation  present,  or  to  the  differences  of  tempera* 
tnre,  yet  it  varies  with  both.  Under  these  circam stances,  it  is 
evident  that  it  cannot  depend  for  its  action  on  a  chemical  combina- 
tion with  some  constituent  of  the  invertase  preparation.  It  would, 
therefore,  seem  as  if  the  influence  depended  upon  its  action  upon  the 
physical  state  of  the  solution,  and  yet  it  is  quite  inconceivable  that 
a  difference  of  two  parts  of  SO3  per  million  of  the  solution  should  so 
alter  the  physical  state  of  the  solution  as  to  change  the  rate  of  the 
reaction  from  ±0  =  920'  to  ±0  =  85'  (Table  XVI,  p.  858).  We 
must,  therefore,  leave  this  problem  unsolved. 

In  conclusion  we  are  able  to  state,  from  a  couBideration  of  the 
above  results,  that  the  invertase  simply  acts  the  part  of  a  carrier  of 
water  to  the  sucrose,  and  that  in  doing  so  a  loose  combination  is 
formed  between  the  invertase  and  the  inverted  sucrose,  and  that  the 
invertase  is  again  freed  from  this  combination  in  its  former  active 
state. 


Constitution  of  the  Invertan  Series. 

If  we  examine  Table  XXXVIIl  (p.  916)  we  shall  see  that,  roughly 
speaking,  the  numbers  obtained  from  analyses  of  the  members  of  the 
invertan  series  are  such  as  would  be  yielded  by  mixtures  of  a-  and 
^-invertan.  We  have  shown  that  a-invertan  itself  breaks  down 
into  yeast  albumin  and  ^-invertan. 

^-Invertan  probably  splits  up  into  17-invertan  and  a  substance  con- 
taining more  nitrogen,  but  as  we  have  not  fully  examined  either  of 
these  bodies,  we  will  for  the  present  take  ^-invertan  as  the  base  of 
our  calculations. 

The  figures  we  have  obtained  on  analysis  of  f-invertan  are  such  as 
may  be  stated  in  terms  of  yeast  albumin  and  a  carbohydrate,  for  if, 
in  the  figures  given  for  f-invertan,  we  make  allowance  for  the  amount 
of  yeast  albuminoid  indicated  by  the  nitrogen  present,  we  obtain  for 
the  remainder  the  following  composition  : — 

C  =  43-56  per  cent.,  H  =  628  per  cent. 

The  theoretical  hydrogen  for  a  carbohydrate  having  this  percentage 
of  carbon  is,  H  =  6*27  per  cent.  It  follows  from  this  that  the  com- 
position of  the  t-iii^ertan  may  be  expressed  in  terms  of  yeast 
albuminoid  and  a  carbohydrate.  In  order  to  test  whether  this 
japplies  to  the  other  members  of  the  series,  and,  at  the  same  time,  to 
ifind  out  the  composition  of  the  carbohydrate,  we  have  allowed  for  the 
:;yeaat  albuminoid  in  each  member  of  the  series,  and  calculated  the  per- 
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centoge  composition  of  the  remainder.  We  took  the  nitrogen  as  the 
indication  of  the  amonnt  of  albuminoid  present,  and  for  its  com- 
position  we  used  the  numbers  alreadj  quoted,  yiz,  :-^C  =  54'06  per 
cent,  H  =  7*35  per  cent.,  N  =  14'53.  per  cent. 

In  Table  XXXIX  we  gi^e  the  results  of  these  calculations.  The 
last  column  contains  the  relative  amoonte  of  the  carbohydrate  and 
albuminoid  present. 

Tablk  XXXIX. — Composition  of  the  Carbohydrate  after  allowing  for 

the  Albuminoid. 


Member  of  series. 

Constituents  of  the  carbo- 
hydrate. 

Parts  of  the  carbo- 
hydrate to  1  of 

0. 

H. 

yeast  albuminoSd. 

a-Inveztaa 

40 -GO* 
43-81 
42  •95» 

42-85 
43-66 

5'70» 

6-38 

6-38» 

6  -71* 

6-20 

6-28 

0*74 

B-        

2-94 

•y-           ,,            .,,,. 

3-61 

t.    ,    .::.::.:;.=. 

6  00 

«.       ,, 

6*02 

r.        

8*08 

•»         „        ............ 

«.       

12*84 

'1         »        .•».. 

.  In  comparing  these  figures  it  must  be  remembered  that  all  the 
errors  both  of  preparation  and  analysis  are  thrown  on  to  these  results, 
and  very  close  agreement  cannot  therefore  be  expected. 

We  calculate  the  mean  of  these  figures  by  first  averaging  those 
marked  with  an  asterisk,  and  which  were  obtained  from  only  one 
sample,  we  thus  get  C  =  42*64  and  H  =  6*25  per  cent.  We  again 
average  these  with  the  other  members,  and  obtain  C  =  43*22  and 
H  =  628  per  cent.  The  theoretical  hydrogen  for  a  carbohydrate 
having  this  amount  of  carbon  is  H  =  6'3I  per  cent.,  a  number  prac- 
tically identical  with  that  obtained. 

These  numbers  would  seem  to  prove  that  the  composition  of  this 
hypothetical  carbohydrate  comes  between  an  **tn"  and  an  ^^ on" 
body. 

In  carbohydrate     ....    C  =  44-44  per  cent.,    H  =  6"17  per  cent. 
Invertan  carbohydrate    C  =  43-22         „  H  =  6-29         „ 

On  carbohydrate C  =  42-11         „  H  =  6*43 

Although  we  have  thus  shown  that  the  figures  we  have  obtained 
for  members  of  this  series  are  such  as  might  approximately  be 
obtained  from  certain  mixtures  of  yeast  albuminoid  with  a  earbo*. 
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hjdrate  of  the  above  eomposition,  jet  at  present  we  do  not  believe 
that  the  sabstanoes  in  qaestion  do  directly  combine  to  form  the 
series.  Our  reasons  are  as  follows : — If  we  tarn  back  to  our  descrip« 
tion  of  tlie  individual  members  of  the  series,  we  shall  find  that 
17-invertan  alone  of  the  series  gives  little  or  no  indication  of  albumin 
when  tested  bj  MUlon's  reagent.  Of  course  we  cannot  say  for  certain 
that  our  sample  was  7-invertan,  bat  we  shall  show  directly  that  such 
a  substance  probably  exists,  and  sach  being  the  case,  we  think  ib 
tnust  be  admitted,  on  referring  to  our  description,  that  the  sabstance 
we  obtained  was  most  probably  i/-iDvertan.  Now  from  this  behaviour 
with  Millon's  reagent  we  are  led  to  believe  that  if  albumin  is  present 
in  s^invertan,  it  is  in  much  closer  combination  than  in  ^-invertan 
and  the  other  members,  and  therefore  we  prefer  to  take  i/-invertan 
and  not  the  hypothetical  carbohydrate  as  the  base  of  this  series  of 
compoands. 

W<e  regard  the  members  of  the  invertan  series  as  compoands  of 
yeast  albuminoid  with  ^-invertan.  Taking  this  hypothesis  SiS  a  stand* 
point,  it  will  be  possible  to  form  some  idea  of  the  manner  in  which 
the  series  is  built  up,  but  it  will  fi]*st  be  necessary  to  attribute  an 
approximate  composition  to  i^-invertan.  This  is  not  difficult  to  do  if 
we  place  it  immediately  below  ^-invertan  in  the  regular  series.  In 
this  way  we  attribute  to  it  approximately  the  composition  AS^,  where 
A  represents  1  part  by  weight  of  yeast  albaminoid,  and  S,  1  part,  by 
weight  of  the  carbohydrate. 

We  have  found  some  difficulty  in  Attempting  to  convey  oar  ideas  o^ 
the  proximate  constitution  of  the  invertan  series.  This  is  mainly 
dae  .to  the  fact  that  we  have  no  data  to  enable  us  to  attribate  a  mole- 
cular weight  to  the  albaminoid;  hence,  we  have  been  obliged  to 
employ  parts  by  weight  to  represent  the  constitution  instead  of  the 
usaal  molecalar  fori^alae. 

We  next  turn  to  ouinvertan.  The  composition  of  this  sabstance  is 
approximately  AiSa,  that  is  to  say,  7  parts  by  weight  of  «-invertan 
contains  4  parts  of  yeast  aUNuninoid  and  3  of  the  hypothetical  earbo^ 
hydrate. 

The  othermembers  are  formed  by  the  union  of  these  two  sabstances 
according  to  the  general  formula  9  *f  a«,  where  ff  represents  three^ 
times  ly-invertaa  (SASig),  and  a,  a-invertan  (A4SJ).  It  will  be 
noticed  that  the  symbol  ^  represents  57  parts  by  weight,  whilst 
a  represents  7. 

A  homologous  series  is  thus  formed,  each  member  differing  from 
the  one  below' il  by  a. 

According  to  this  idea,  /S^invertan  would  be  1/05,  that  is  to  say,  its 
composition  is  67  parts  by  weight  of  ^-invertan  +  36  (7  x  5)  parts 
by  weight  of  ob-inTertan,  making  a  total  cf  92  parts  of  jS-invertan^ 
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of  whicli  23  are  albaminold  and  69  the  hTpotbetical  carbohjdvat^. 
7-TnTertan,  in  like  manner,  is  i^ai,  so  that  85  parts  bj  weight  -WDald 
contain  57  parts  of  i/-inTertan  and  28  (7  x  4)  of  a-ionrertan,  wbich 
is  equivalent  to  19  parts  of  albuminoid  and  66  of  carbohjdvate. 

According  to  this  theorj,  the  constitution  and  composition  of  the 
members  of  the  invertan  serie»  are  as  follows : — 


Table  XL. — Hypothetical  Composition  and  Constvtution  of  the  Invertan 

Series^ 


Kame  of  rabstance. 

Gonfltittition. 

Gomposition, 

parte  by 

weighl. 

TJltimBte  oompoution. 

C. 

H. 

N. 

o-InTeiton 

^- 

r  ' 

^-      i 

t  

V'        ti           

m 
fio, 

n 

A„Se, 
A»Sa. 
AiiSjo 

AaPM 

49-41 
45-93 
45-64 
45-80 
44-90 
44-40 
48-78 

e-90 

6-57 
6-&4 
6-51 
6-^ 
6-42 
6-86 

8-80 
8-68 
8-26 
2-79 
2-26 
1-59 
0-76 

A  represents  I  part  by  weight  of  albumin  and  S,  1  part  by  weight 
of  the  carbohydrate.  We  have  made  the  calculations  on  the  following 
percentage  compouition : — 

A C  =f  54-06  p.  c,  H  =  7-35  p.  c,  N  =  14-53  p.  e. 

S 0  =  43-22     „    H  =  6-28    „ 

The  carbon  and  hydrogen  determinations  (v.  Table  XXXVI II) 
agree  as  well  with  these  theoretical  numbers  as  could  be  expected 
when  dealing  with  this  class  of  bodies,  and  when  we  look  aft  the  num- 
bers obtained  for  the  nitrogen  and  compare  them  with  the  theoretical 
ones,  we  find  the  agreement  very  close  indeed. 

Now  let  us  see  what  happens  when  active  invertase  breaks  A>wn 
during  purification.    The  first  reaction  is  expressed  by  the  formula 


or  more  usuallj 


The  latter  formula  represents  the  splitting  up  of  invertase  into 
&•  and  5-invertan,  and  bearing  in,  mind  the  relative  parts  by  weight 
represented  by  7  and  a,  we  see  that  92  parts  of  iS-invertan  have  split 
up  into  78  parts  of  ^-invertan  and  14  parts  of  fiuinvertan. 
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.  The  d-invertan,  ftgain,  is  destroyed  by  the  action  of  acid  and  alcohol, 
breaking  off  of  7  parts  by  weight  of  a-invertan  at  a  time,  and  being 
degraded  successively  to  €-,  ^.,  and,  perhaps,  if  the  conditions  are 
iavoorable,  to  7-invertan. 

The  o-invertan  which  is  formed  may  be  divided  by  means  of  the 
copper  compound  into  {'-invertan  and  albumin,  6A4S  =  1^  -f-  23A. 
This  reaction  involves  a  more  complete  splitting  up  into  component 
parts  than  any  of  the  others,  and  we  have  shown  that  it  is  only 
effected  in  the  presence  of  very  strong  alkali. 

It  will  be  seen  from  Table  XL  that  the  existence  of  ^-invertan, 
the  last  of  the  series,  is  rendered  probable  by  the  numbers  ob» 
tained  on  analysis  of  the  remainder  of  the  series,  and  this,  combined 
-with  the  single  impure  sample  we  have  obtained  of  this  substance, 
leaves  little  doubt  in  our  minds  that  we  shall  be  able  to  prepare  it  in 
larger  quantities. 

We  will  now  compare  the  numbers  obtained  for  the  molecular 
weight  of  ^-invertaii  with  the  probable  molecular  weight  if  our  hy- 
pothesis is  correct. 

It  will  be  remembered  that  when  speaking  of  the  copper  compound 
of  t-invertan  we  calculated  roughly  that  the  molecular  weight  of  the 
latter  substance  would  be  875  or  some  multiple  of  that  number.  If 
we  refer  to  Table  XL,  we  shall  see  that  according  to  our  hjrpo- 
thesis  f-invertan  must  contain  at  the  very  least  2  molecules  of  the 
albuminoid,  whilst  it  probably  contains  more.  We  have  already 
shown  (heading  '*  Yeast  Albuminoid  derived  from  Invertase '')  that 
yeast  albuminoid  may  possibly  have  a  molecular  weight  as  low  as 
199,  so  that  in  ^-invertan  the  molecular  weight  of  the  albuminoid 
portion  must,  at  the  very  least,  be  898.  In  Table  XXXIX  we  hare 
iurther  shown  that  ^-invertan  contains  8*08  times  as  much  carbo- 
hydrate as  it  does  albuminoid.  This  gives  us  a  total  molecular  weight 
of  3614i  ((398  X  808)  +  398).  This  number,  then,  3614,  is  the 
lowest  possible  molecular  weight  of  ^-invertan  if  our  theory  of  the 
constitution  of  the  invertan  series  is  even  approximately  coirect,  un* 
less,  indeed,  we  take  t-ii^^ertan  instead  of  1/-  as  the  base  of  the  series, 
under  which  circumstances  the  above  figures,  3614,  might  be  halved, 
but  in  all  probability  the  moleonlar  weight  of  ^-invertan  is  very 
much  higher  than  this  figure.  It,  however,  agrees  fairly  well  with 
the  quadruple  of  the  number  given  above  (875  x  4  =  3500).  With 
regard  to  the  number  obtained  from  the  estimation  of  the  molecular 
weight  by  Baoult's  method,  which  it  will  be  remembered  was  1888, 
this  again  is  too  low,  though  it  approximates  closely  to  one  half  of 
the  least  possible  number  (3G14  -^  2  =  1807).  Under  these  circum- 
stances we  must  say  that  although  the  evidence  obtained  from  Baoult's 
freezing  method  is  opposed  to  oui*  hypothesis  of  the  conatitntioii  at 
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the  inyerian  series,  we  do  not  attribute  mncli  importance  to  tne 
fact. 

In  conclusion,  we  wisb  to  state  tbat  altbongli  we  baye  been  at  some 
pains  to  point  out  in  wbat  simple  manner  a  bjpotbetM»l  series  of 
combinations  con  Id  be  formed  so  as  to  satisfy  all  tbe  requirements  of 
tbe  asoertained  facts,  we  do  not  for  one  moment  tbink  tbat  tlie  series 
really  is  bnilt  np  in  exactly  tbe  way  we  bare  indicated.  At  the  same 
time  we  fully  believe  tbat  tbe  invertan  series  will  eventually  be 
found  to  be  formed  in  a  manner  in  many  points  cloaely  resembling 
our  hypothesis,  and  we  bold  that  for  tbe  present  it  will  be  convenient 
to  look  upon  this  as  a  good  working  theory.  We  consider  we  have 
advanced  the  knowledge  of  tbe  subject  a  stage,  and  arrived  at  a  posi- 
tion at  which  a  record  should  be  made  ;  this  we  have  done.  We  hope 
that  a  further  study  of  the  bodies  we  have  only  imperfectly  described, 
either  by  ourselves  or  other  workers,  will  lead  to  results  as  inter* 
esting  and  important  as  are  foreshadowed  in  this  paper. 


Part  VI. — Summabt. 

The  following  is  a  short  summary  of  the  principal  results  of  our 
work,  arranged  as  much  as  possible  in  the  same  order  as  has  been 
observed  in  the  body  .of  the  paper: — 

1.  The  rate  of  inversioa  of  cane-sugar  by  means  of  invertase  may 
always  be  expressed  by  a  definite  time-curve ;  this  curve  is  praoticaliy 
that  given  by  Harcourt  as  being  the  one  ezpressiag  a  chemical 
change  "  of  which  no  condition  varies,  excepting  the  diminntion  of 
the  changing  substance.''  Whatever  the  conditions  may  be  under 
which  inversion  is  taking  place,  as  long  as  these  conditions  remain 
unchanged,  this  curve  is  adhered  to.  There  are,  however,  some- 
slight,  but  apparently  constant,  deviations  from  tbe  theoretioal 
curve. 

2.  When  tbe  degree  of  acidity  is  that  moat  favourable  for  the  action 
of  invertase,  the  rapidity  of  the  action  is  in  proportion  to  the  amount 
of  invertaae  present. 

3.  The  most  favourable  concentration  of  the  sugar  solution  at  a  tem- 
perature, of  54°  is  about  20  per  cent*  Below  that,  there  is  a  rapid 
decline  in  the  speed  of  iuversion.  Greater  concentrations  are  only 
slightly  less  favourable  until  about  40  grams  per  100  cc  is  reached « 
In  saturated  solutions  inversion  only  proceeds  with  extreme  slow- 
ne88« 

4«  The  speed  of  inversion  increases  rapidly  with  the  temperature 
until  55 — 60°  is  reached.    At  65%  tbe  invertsfe  is  sbwly  destroyed,. 
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and  at  75°,  it  is  immediatoly  destroyed.  At  the  lower  temperattireR^ 
the  speed  of  the  action  increafies  with  rise  of  temperature  in  accord- 
anoe  with  Harconrt's  law,  the  rate  being  about  doubled  for  10''  rise, 
but  above  30°  the  increase  is  not  nearly  as  rapid.  Elevated  tempera- 
tures have  no  permanent  effect  on  the  activity  of  invertase,  so  long 
as  they  are  not  sufficiently  high  to  destroy  it. 

5.  The  caustic  alkalis,  even  in  very  small  proportions,  are  instantly 
and  irretrievably  destructive  of  invertase. 

6.  Minute  quantities  of  sulphuric  acid  are  exceedingly  favourable 
to  the  action,  but  a  slight  increase  of  acidity  beyond  the  most  favonr- 
able  point  is  very  detrimental.  The  most  favourable  amount  of  acid 
increases  to  some  extent  with  the  proportion  of  invertase,  and  decreases 
with  rise  of  temperature,  but  we  have  not  been  able  to  discover  on 
what  it  depends.  We  find  that  in  stud3ring  the  action  of  invertase, 
it  is  of  the  utmost  importance  that  the  most  favourable  amount 
of  acid  should  be  employed,  otherwise  correct  result's  cannot  be 
obtained.  At  a  temperature  of  60*",  the  action  is  almost  stopped, 
unless  exactly  the  right  amount  of  acid  is  used,  whilst  if  this  factor 
is  properly  adjusted,  inversion  proceeds  at  (probably)  the  maximum 
speed. 

7.  The  influence  of  alcohol  varies  in^  direct  proportion  with  the 
amount  present.  5  per  cent,  of  alcohol  decreases  the  speed  of  the 
action  by  about  one  half  i 

8.  The  dextrose  formed  by  the  action  of  invertase  is  initially  in 
the  birotaiy  state,  and,  therefore,  the  optical  activity  of  a  solution 
undergoing  inversion  is  no  guide  to  the  amount  of  inversion  that  has 
taken  place. 

9.  If  a  caustic  alkali  be  added  to  a  solution  undergoing  inversion, 
and  the  optical  activity  be  allowed  sufficient  time  to  become  constant, 
it  is  a  true  indicator  of  the  amount  of  inversion  that  had  taken  place 
at  the  moment  of  adding  the  alkali. 

10.  A  sample  of  invertase  which  had  induced  inversion  of  100,000  ^ 
times  its  own  weight  of  cane-sugar  was  still  active ;  and  we  have 
shown  that  invertase  itself  is  not  injured  or  destroyed  by  its  action' 
on  oane*-8Ugar.  Under  these  circumstances  there  is  evidently  no 
limit  to  the  amount  of  sugar  which  can  be  hydrolysed  by  a  given 
amount  of  invertase. 

11.  The  inversion  of  cane-sugar  by  means  of  invertase  is  a  simple 
chemical  change,  dilFering  in  no  important  way  from  those  which 
inorganic  substances  undergo. 

12.  The  products  of  inversion  have  no  influence  on  the  rate  of  the  ^ 
action. 

18.  A  solution  of  invertase  will  withstand  a  temperature  25^  higher  "^ 
in  the  presence  of  oane^ugar  than  jn  its  absenpe.     From  this  fact  we. 

Digitized  by  VjOOQiC 


928  O'SULUVAN  AND  TOMPSON:  INVERTASE. 

are  of  opinion  that  when  invertase  hjdrolyses  cane-sugar,  combina^ 
tion  takes  place  between  the  two  substances,  and  the  invertase  re- 
mains in  combination  with  the  invert-sngar.  The  combination  breaks 
up  in  the  presence  of  molecules  of  cane-sugar. 

14.  A  means  of  estimating  the  actiyity  of  a  material  containing 
invertase  has  been  devised ;  the  result  is  recorded  by  means  of  the 
time  factor,  ±0  ss  a;  min.  In  this  equation,  :i=0  =  a  certcian  definite 
amount  of  work,  and  x  =  the  time  necessary  to  perform  it.  The 
expression  means  that  the  given  inverting  material  takes  x  minutes 
to  invert  a  standard  amount  of  cane-sugar  under  standard  conditions. 
The  number  x  varies  in  inverse  proportion  to  the  actual  amount 
of  invertase  contained  in  the  material  or  materials  under  examina- 
tion. 

15.  If  sound  brewer's  yeast  be  pressed,  and  then  kept  at  the 
ordinary  temperature  for  a  month  or  two,  it  does  not  undergo  putre- 
faction, but  changes  into  a  heavy,  yellow  liquid.  The  product 
possesses  no  power  of  fermentation,  but  an  apparent  increase  takes 
place  in  the  inverting  power. 

16.  From  such  lique6ed  yeast,  it  is  easy  to  filter  off  a  clear  solution 
of  high  hydroly tic  power ;  and  we  have  shown  that  all  the  invertase 
of  the  yeast  is  in  this  solution.  We  have  named  it  **  yeast  liquor,"  and 
it  has  a  specific  gravity  of  about  1080.  It  will  remain  for  a  long  time 
unaltered,  excepting  that  the  colour  darkens.  If  exposed  to  the  air 
it  may  slowly  become  covered  with  mould. 

17.  If  spirit  be  added  to  yeast  liquor  until  the  mixture  contains 
47  per  cent,  of  alcohol,  the  whole  of  the  invertase  separates  with  only 
a  slight  loss  of  power.  This  precipitated  invertase  may  be  washed 
with  spirit  of  the  same  strength  and  then  the  residue  either  dehy- 
drated with  strong  alcohol  and  dried  in  vacuo,  or  else  it  may  be 
extracted  by  means  of  10  to  20  per  cent,  alcohol  and  then  filtered. 
The  filtrate  contains  the  invertase*  On  one  occasion  the  extent  of 
the  loss  involved  by  this  process  was  determined  and  it  was  found 
that  all  the  invertase  of  the  yeast  liquor  was  present  in  the  filtrate 
except  12'3  per  cent* 

18.  We  have  not  been  successfnl  in  further  purifying  invertase 
preparations  carefully  made  in  this  manner,  as  the  slightest  attempt 
at  purification  destroys  the  invertase.  We  have  succeeded  in  pre- 
paring invertase  almost  free  from  ash. 

19.  The  inverting  power  of  pressed  English  yeast  varies  from 
+0  =  1000'  to  ±0  =  ±3000' ;  this  is  equivalent  to  about  ^  of  these 
numbers  on  the  dry  solid  matter  of  the  yeast. 

20.  The  inverting  power  of  the  most  active  invertase  preparation 
made  was  ±0  s  251'  on  the  dry  solid  matter.  We  believe  that 
pure  invertase  would. approximately  have  ±0  =  22'&\ 
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21.  The  dry  solid  matter  of  jeast  contains  from  2  to  6  per  cent, 
of  invertase.  5'8  per  cent,  of  invertase  was  separated  from  one 
sample  of  yeast. 

22.  During  the  preparation  of  invertase  from  yeast  liquor  an 
albuminoid  is  obtained,  which  is  not  redissolved  by  water.  This  is 
termed  yeast  albuminoid,  and  it  possesses  all  the  characteristics  of  an 
albuminoid. 

23.  Invertase  when  it  approaches  a  pure  state  is  a  very  unstable 
substance.  The  products  af  its  decomposition  have  been  carefully 
examined  and  are  found  to  constitute  a  new  series  of  substances  be- 
longing to  the  invertan  9erte$, 

24.  The  invertan  series  is  a  homologous  series  of  sabstances  which 
on  analysis  yield  numbers  which  may  be  expressed  in  terms  of  an 
albuminoid  and  a  carbohydrate.  Seven  members  of  the  series  are 
described. 

25.  We  consider  that  invertase  itself  is  a  member  of  the  invertan 
series,  and  call  it  /3-invertan.  If  the  products  of  its  decomposition  are 
examined,  it  is  usually  found  that  they  consist  of  ft-  and  ^invertan.  The 
former  contains  more,  and  the  latter  less,  nitrogen  than  invertase. 

26.  a- Invertan  is  insoluble  in  water,  and  in  all  its  other  properties 
seems  to  resemble  yeast  albuminoid.  It  contains  8'35  per  cent.  N.  It 
is  a  very  stable  substance. 

27.  /9-Invertan  or  invertase  is  soluble  in  water,  and  is  the  only 
member  of  the  series  which  has  the  power  of  inverting  cane-sugar.  It 
contains  about  3*69  per  cent.  N,  and  its  optical  activity  is  [a]^*  =: 
+  80*^  (?). 

28.  7-  and  ^-Invertan  are  products  of  the  splitting  up  of  in- 
vertase. One  or  other  of  these  two  substances  seems  invariably  to 
be  formed.  They  both  contain  less  nitrogen  than  invertase,  and  are 
always  accompanied  by  o-invertan.  Both  are  readily  soluble  in 
water.  They  contain  respectively  3'15  and  2'4i3  per  cent.  N,  and  their 
optical  activity  is  [a]y  =  -j-  45**  and  +  64®. 

29.  €-Invertan  is  formed  from  the  slow  breaking  down  of  ^-invertan. 
At  the  same  time  an  insoluble  substance,  resembling  o-invertan,  is 
formed.  This  probably  consists  of  an  unstable  member  of  the  series 
eoming  between  a.  and  )3-invertan.  e- Invertan  is  soluble  in  water, 
and  has  [aj^-  =  +  65°.     It  contains 207  per  cent.  N. 

30.  ^-Invertan  results  from  the  splitting  up  of  c-invertan  in  the 
same  way  that  the  latter  is  formed  from  ^-invertan.  Its  optical 
activity  is  [a]j  =s  +  75°,  and  it  yields  1'61  per  cent.  N. 

31.  7-Invertan  is  formed  by  the  action  of  boiling  sulphuric  acid  on 
{;-invertan.  It  contains  less  nitn^^n  than  the  latter  substance,  but 
the  substance  has  not  yet  been  sufficiently  investigated  to  give  reliable 
figures. 
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32.  The  further  prodncts  of  the  action  of  snlpharic  acid  on  ^-in- 
vertan  are  two  soluble  substances,  one  containing  a  considerable 
amount  of  nitrogen,  and  the  other  with  little  or  no  nitrogen,  a  high 
cnpric  reducing  power  and  a  low  (dextrorotatory)  optical  activity. 

33.  The  properties  of  all  the  members  of  the  series,  except  a-in- 
yertan,  are  very  similar.  They  are  all  soluble  in  water,  forming 
clear  solutions,  which  do  not  cloud  on  boiling.  They  are  all  readily 
thrown  out  of  solution  by  alcohol,  provided  a  little  acid  is  present ; 
the  precipitates  so  formed  are  transparent,  colourless  syrups,  soluble 
in  water  in  all  proportions.     The  solutions  are  all  dextrorotatoiy. 

34.  All  the  members  of  the  invertan  series,  except  i/-invertan, 
yield  a  pink  coloration  on  boiling  with  Millon's  reagent. 

35.  All  the  members  of  the  invertan  series,  except  o-in vertan, 
when  submitted  to  the  action  of  an  alkaline  copper  solution,  readily 
yield  a  very  characteristic  copper  compound,  from  which  the  invertan 
(except  /S-invertan)  may  be  separated  unaltered.  Invertan  can 
probably  foi*m  several  such  copper  compounds,  all  having  a  similar 
appearance,  but  afEording  different  percentages  of  copper  oxide. 

36.  In  the  presence  of  a  very  large  excess  of  alkali,  a  copper  com- 
pound is  also  formed  from  a-invertan,  but  on  examination  it  is  found 
that,  the  a-invertan  has  been  split  up  into  an  albuminoid  and  ^-in- 
vertan, the  copper  compound  being  that  of  ^-invertan. 

37.  We  believe  that  the  members  of  the  invertan  series  are  com- 
binations of  yeast  albuminoid  with  i;- invertan,  and  that  iy-in vertan  is 
probably  a  combination  of  yeast  albuminoid  with  a  carbohydrate. 
According  to  this  theory,  the  composition  of  the  carbohydrate 
present  in  the  invertan  series,  calculated  from  the  average  of  all  the 
analyses,  would  be  C  =  43*22  per  cent,  and  H  =  6*28  per  cent. 
These  numbers  agree  very  closely  with  those  required  by  a  hypo- 
thetical carbohydrate,  coming  midway  between  the  in  and  the  on 
groups. 

38.  We  find  that  ^-invertan  contains  18  parts  by  weight  of  this 
carbohydrate  to  1  of  albuminoid,  and  that  a-invertan  contains  3  parts 
of  the  carbohydrate  to  4  of  albuminoid.  The  other  members  of  the 
series  are  formed  by  the  union  of  these  two  substances  according  to 
the  general  formula  iy  -h  a„,  where  tf  represents  ly-invertan,  and  a 
represents  a-invertan.  In  this  way,  we  look  upon  invertase  (/3-invertan) 
as  ffOi,  This  splits  up  into  a-  and  7-invertan,  according  to  the 
formula  i/Og  =:  1/04  -f-  a.  ija^  represents  7-invertan,  and  this  may  be 
further  transformed,  by  the  elimination  of  a,  into  i^Oj-,  ^invertan. 

39.  The  numbers  calculated  for  the  constitution  of  the  above 
theoretical  homologous  series  9i.gree  with  considerable  closeness  with 
those  obtained  from  the  analysis  of  members  of  the  invertan 
scries. 
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40.  The  nnmber  obtained  from  a  single  determination  by  Baonlt's 
freezing  process  for  the  molecalar  weight  of  {f-invertan  is  consider- 
ably less  than  the  possible  molecular  weight  of  ^-invertan  according 
to  oar  theory  of  its  constitution. 


LXI. — Contrihutions  to  the  Knowledge  of  Mucic  Acid.    Part  II.  Aetion 
of  Phoiphortu  PetUachlortde  on  Mucic  Acid. 

By  S.  RuHEMANN,  Ph.D.,  M.A.,  and  W.  J.  Elliott,  B.A. 

The  small  yield  of  dichloromaconic  acid  formed  by  the  action  of 
phosphorus  pentachloride  on  mucic  acid  induced  us  to  investigate  this 
reaction  more  closely,  with  the  view  of  isolating  and  studying  the 
other  substances  produced  along  with  the  above-mentioned  compound. 
This  inquiry  led  to  the  discovery  of  a  new  acid,  isomeric  with  that 
described  by  Bode  (Annalen,  132,  95). 

A  mixture  of  mucic  acid  and  phosphorus  pentachloride  in  the  pro- 
portions given  by  this  chemist  was  warmed  in  a  paraffin-bath  to  a 
temperature  of  120°,  and  the  product  gradually  poured  into  water  and 
allowed  to  cool.  The  filtrate  from  the  dichloromnconic  acid  which 
had  crystallised  out,  contains  a  fnrther  quantity  of  this  acid,  which 
Bode  extracts  by  neutralising  the  solution  with  lime  and  adding 
hydrochloric  acid  to  the  concentrated  filtrate.  In  this  last  operation 
we  deviated  from  Bode's  directions. 

The  original  filtrate  from  the  dichloromnconic  acid  was  frequently 
shaken  with  ether  until  the  latter  remained  almost  colourless.  On 
distilling  off  the  solvent,  a  yellowish-red  oil  of  peculiar  odour  was  left, 
which  after  standing  for  several  hours  over  sulphuric  acid  solidified  to 
a  mass  of  crystals.  These  are  readily  taken  up  by  water,  with  the 
exception  of  a  portion  of  the  sparingly  soluble  dichloromnconic 
acid.  The  aqueous  solution  when  distilled  with  steam  yields  a 
light  yellow  oil,  possessing  the  characteristic  pungent  odour  which 
was  noticed  with  the  ethereal  extract.  The  small  quantity  of  this 
substance  which  we  obtained  has  prevented  us  from  examining  it 
further. 

The  remaining  aqueous  solution  was  again  extracted  with  ether, 
and  after  removal  of  the  latter  a  dark-coloured  product  was  left,  which 
still  contained  some  dichloromnconic  acid.  For  its  purification  we 
made  use  of  an  observation  that  the  new  acid,  contained  in  the 
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ethereal  extract,  thongli  very  readily  taken  up  bj  water,  is  soluble 
with  difficulty  in  concentrated  hydn>ch1oric  aoid.  The  residue  ob- 
tained after  evaporating  the  ether  was  dissolved  in  water,  and  the 
solution  saturated  with  hydrogen  chloride,  when  a  dark-coloured, 
crystalline  precipitate  was  thrown  down,  which  was  collected  and 
washed  with  hydrochloric  acid.  The  red  aqueous  solution  of  these 
crystals  was  boiled  with  animal  charcoal,  and  the  pale  yellow  filtrate 
shaken  with  ether.  On  distilling  ofi*  the  ether,  almost  colourless 
needles  of  the  new  compound  were  obtained.  The  varions  filtrates 
were  subjected  to  the  same  treatment  and  yielded  more  of  the  acid. 

Tfas  operaiaon  of  throwing  down  the  acid  from  theaqoBone  solution 
of  the  ethereal  extract  by  hydrochlorio  acid  eeems  to  be  necessary  for 
its  purification,  if  the  product  has  not  been  previously  treated  with 
Ht^am  far  the  removal  of  the  pungent  oil,  otherwise  the  latter  adheres 
to  the  acid. 

This  new  substan^^e,  which  we  call  fi^dichloromucoHiic  acod  to  dis- 
iiiQguish  it  from  Bode's  (a-)  dichloromuconio  aoid,  melts  at  189^ 
whilst  the  latter  sublimes  at  26^  with  partial  decomposition,  without 
melting  (C.  J.  Bell,  Berichte,  12,  1271).  The  ^-acid  is,  as  mentioned 
before,  very  readily  taken  up  by  water,  so  readily,  in  fact,  that  one 
can  hardly  use  this  solvent  for  its  crystallisatioii ;  the  a-acid,  on  the 
other  hand,  is  only  sparingly  soluble  in  cold  water.  Ethar  dissolves 
the  new  acid  with  the  greatest  facility,  whilst  Bode*s  acid  is  not  easily 
taken  up  by  this  solvent.  /3-Dichloromuconic  acid  is,  as  stated  befoire, 
•  >n]y  sparingly  soluble  in  cold  hydrochloric  acid,  but  it  dissolves  on 
boiling,  and  crystallises  out  in  needles  on  cooling.  This  property  can 
be  used  for  its  final  purification. 

The  analysis  of  this  compound  recrystallised  from  hydrochlsrio 
acid  and  dried  at  lOO""  gave  numbers  corresponding  with  tiie  formula 
C.H4C1,04  :— 

Found. 

t         ^ ^ 

Theory.  I.  II. 

C  3412  34-23  — 

H 1-90  205  — 

CI 33-64  —  3381 

To  prove  that  this  acid  is  a  dicarboxylic  acid^  we  determined  its 
basicity,  and  obtained  the  following  result : — For  neutralisation  of 
0*242  gram  of  /S-dichloromuconic  acid  a  volume  of  titrated  potash 
solution  containing  0'1289  gram  of  KHO  was  required;  this  oorre- 
sponds  to  53*26  per  cent,  of  acid,  the  calculated  percentage  being 
5308. 

Barium  fi'Dichloromticonate. — The  salts  of  /S-dichloromuconic  acid 
with  the  alkalis  and  alkaline  earth  metals  are  very  soluble  in  water. 
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the  latter,  we  have  only  examined  the  bariiim  compcmncL  Thin 
s  prepared  bj  neutralising  the  acid  with  baryta,  and  adding  alcoltoi 
the  concentrated  solution,  when  a  slightly  coloured  precipitate  was 
•own  down,  which  dried  orer  sniphnric  acid  has  the  composition 
laCljOiBa  -h  H,0  :— 

Theory.  Found. 

Ba 37-63  3796 

This  salty  on  diying  at  lOO"",  loses  only  i  mol.  H9O,  aa  indicated  by 
J  following  analyses  of  two  different  preparations : — 


Theory  for 


Found. 


C.HjCl^O^Ba  +  iHjO.       I.  II.  III. 

Ba 38-48  38-35         385         38-4i 

The  rest  of  the  water  does  not  go  off  completely  before  160° ;  at 
s  temperature  it  loses  2*41  per  cent.,  the  calculated  percentage  (for 
aol.  of  HsO)  being  2*53.  The  barium  determination  of  this  sample 
responds  with  the  formula  CfHsClaOiBa : — 

Calculated.  Found. 

Ba 39-60  39-83 

[jead  acetate  when  added  to  an  aqueons  solution  of  the  acid  pro- 
ses a  white  precipitate  of  lead  P-dichloromu€(matey  which  when 
ed  at  100''  contains  1  mol.  H3O.  The  formula  GeHsCUOiPfo  *f  HsO 
[aires : — 

Foiuid* 


TKmtt.  L  II. 

Pb 47-696  47-63        47*83 

This  salt  does  not  lose  its  water  of  crystallisation  completely  below 
)°,  and  decomposes  if  heated  a  few  degrees  abore  that  tem- 
atnre. 

Silver  nitrate  added  to  the  solution  of  the  add  neutralised  with 
monia  precipitates  a  white  silver  salt,  which  when  heated  in  a 
cible  suddenly  decomposes,  throwing  a  black  Yoluminous  mass  oat 
the  Yessel.  This  behaviour  prevented  us  from  determining  the 
onnt  of  silver  in  the  salt. 

^oneihyl  p^IHchloromuconaie. — The  action  of  hydrogen  chloride  on  a 
ition  of  the  acid  in  absolute  alcohol  gives  rise  to  the  formation  of 
mono-  and  di-ethyl  salts  of  ^-dichloromuconicacid.  The  alcoholic 
ition,  saturated  with  the  gas,  was  allowed  to  stand  for  12  hours, 
I  then  poured  into  water.  The  oil  which  separated  was  taken  np 
ether,  and  on  distilling  off  the  solvent  a  yellow  oil  was  left,  which 
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partially  solidified  when  exposed  over  salphnrio  acid  in  a  vacnnm. 
The  crystalline  product  freed  from  the  oil  by  pressure  is  extremely 
soluble  in  ether  and  in  alcohol,  and  comes  down  from  these  solvents 
in  the  form  of  an  oil  which  solidifies  after  some  time.  The  substance 
is  also  soluble  in  cold  water,  more  readily  in  boiling ;  the  aqueous 
solution,  which  has  a  strongly  acid  reaction  to  litmus  paper,  becomes 
milky  on  cooling,  and  deposits  colourless  prisms  which  soften  at  100* 
and  melt  at  109 — 110®.  On  analysis,  numbers  were  obtained  which 
correspond  with  the  formula  of  the  acid  ethyl  salt  of  )3-dichloromnconic 
acid,  CeHjClaOiCCH.). 

Found. 

Theory  for  t * \ 

CaHBCljO^.  I.  XL 

C 4017  39-71        4010 

H 3-347  3-54  349 

This  compound  is  easily  dissolved  by  alkalis,  and  the  salts  thus 
formed  are  very  soluble  in  water  ;  they  were  not  further  studied. 

The  action  of  ammonia  on  the  organic  salt  gives  rise  to  the  forma- 
tion of  fi'dichloromuconamic  acid.  A  solution  of  the  monethyl  salt 
of  the  acid  in  alcohol  when  saturated  with  ammonia  gas  deposits 
crystals  which  are,  no  doubt,  the  ammonium  salt  of  /9-dichloromucon- 
amic  acid.  The  salt,  however,  readily  dissociates  into  ammonia 
and  the  aoid.  The  latter  is  taken  up  by  water  with  the  greatest 
facility,  and  crystallises  from  it  in  microscopic  needles,  which  are 
only  sparingly  soluble  in  alcohol  and  decompose  at  200^. 

The  composition  of  this  acid  was  fixed  by  a  nitrogen  determination. 
The  formula ^0NHj-C4H.Cla-C00H  requires  :— 

Oaloulatod  for 
C,HjCl,NO,,  Found. 

N 6-67  6-89 

Lead  acetate,  as  well  as  silver  nitrate,  when  added  to  aqueoas  solu- 
tions of  the  nitrogenous  acid  produced  white,  gelatinous  precipitates 
of  the  corresponding  salts. 

Diethyl  fi-Dichloromuconate, — In  order  to  effect  a  complete  separa- 
tion of  the  monethyl  salt  from  the  oil  formed  along  with  it  by  the 
action  of  hydrogen  chloride  4»n  )9-dichloromuconic  acid  dissolved  in 
alcohol,  we  proceeded  in  the  following  manner.  The  ethereal  solution 
of  the  etherification- product  of  the  acid  was  shaken  with  dilute 
sodium  carbonate,  and  the  aqueous  layer  separated  and  acidified  with 
sulphuric  acid,  when  the  acid  salt  was  precipitated.  This  was  taken 
up  by  ether,  and  on  evaporating  the  solvent  the  previously  described 
substance  was  left. 

The  ethereal  layer  from  the  treatment  with  sodium  carbonate,  after 
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remoyal  of  the  ether,  yielded  a  light  yellow  oil,  which  had  a  pleasant 
odour,  distilled  at  195 — 196**  nnder  a  pressure  of  60  mm.,  and  did 
not  solidify  in  a  freezing  mixture.  Analysis  showed  that  this  oil 
was  the  diethyl  salt  of  /3-dichloromnconic  acid.  The  formula 
CeH^ClaOiCCHftJa  requires  :— 

Theory  for 
CioH„01j04.  Found. 

C 44-94  44-60 

H 4-49  4-39 

p'Dichloromuconamide. — Aqueous  ammonia  when  added  to  the  di- 
ethyl salt  dissolves  it  after  a  short  time,  and  the  solution  deposits  a 
white  solid  which  is  very  soluhle  in  alcohol,  slightly  in  cold  water, 
readily  in  boiling  water,  and  crystallises  from  it  in  silky  needles 
melting  at  232^  with  decomposition. 

On  analysis,  results  were  obtained  which  correspond  with  the 
formula  CONHa-CiHaCla'CONHa  :— 

Found. 


c 

Calculated  for 
C,H,C1^,0^ 

34-46 

I. 
34-80 

l) 

H 

2-87 

2-94 

N 

1340 



13-( 

The  dilPerences  in  the  physical  properties  which  these  acids,  Bode's 
(a-)  acid  and  /3-dichloromuconic  acid,  exhibit  are  also  found  in  their 
derivatives :  The  diethyl  salt  of  the  o-acid  is  a  solid  which  melts  at 
96**  (Wichelhaus,  Annahn,  135,  251 ;  Bell,  Benchte,  12,  1273),  the 
corresponding  derivative  of  the  other  (/?-),  a  liquid  which  does  not 
solidify  in  a  freezing  mixture  of  ice  and  salt ;  again,  the  amide  of 
a-dichloromuconic  acid  is  insoluble  in  water,  sparingly  soluble  in 
alcohol,  decomposing  at  250^*  (Ruhemann  and  Blackman,  Trans., 
1890,  370) ;  the  amide  of  the  /3-acid,  on  the  other  hand,  is  readily 
soluble,  both  in  alcohol  and  in  water,  and  melts  at  232°. 

The  formation  of  both  ethereal  salts  from  ^-dichloromuconic  acid 
rendered  it  desirable  to  reinvestigate  the  action  of  hydrogen  chloride 
on  the  alcoholic  solution  of  the  a-acid,  in  order  to  determine  whether 
in  this  case  also  both  the  ethyl  salts  are  produced.  On  applying  the 
same  method  as  described  above  for  the  separation  of  the  two  salts  of 
the  /3-acid,  it  was  found  that  sodium  carbonate  extracted  from  the 
ethereal  solution  of  the  etherification-product,  besides  some  unaltered 
acid,  a  very  small  quantity  of  a  compound  which,  when  boiled  with 
water,  melted  and  then  entered  into  solution.  On  cooling,  colourless 
plates  crystallised  out  which  melted  at  136'*,  and  were  probably  the 


Digitized  by  VjOOQiC 


936        RUHEMANN  AND  ELLIOTT:  CONTRIBUTIONS  TO  THE 

monetliyl  salt  of  a-dichloromnconic  acid,  bnt  the  amount  of  substance 
formed  was  not  sofficient  to  yerif  j  it  by  analysis. 


Action  of  Beducing  Agents  on  p-IHchloromueonic  Acid. 

a-Dichloromnconic  acid  is,  as  Bode  {loc.  cit)  found,  rednced  by 
sodium  amalgam  to  hydromuconic  acid  (m.  p.  195*),  which,  according 
to  the  recent  researches  of  v.  Baeyer  and  Rape  (Annaleny  256,  1) 
has  the  constitution  COOH-CHs-CHiCH-CHa'COOH.  They  further 
showed  that  this  acid,  which  they  call  A^  -hydromuconic  acid,  is  on 
boiling  with  sodium  hydroxide  transformed  into  its  isomeride,  namely, 
A«^-hydromuconio  acid  (m.  p.  168 — 169*), 

cooh-ch:ch-ch,-ch,-cooh, 

and  that,  therefore,  the  former  acid  is  to  be  regarded  as  the  original 
redaction- product  of  Bode's  dichloromuoonic  add. 

These  experiments  induced  us  to  subject  also  the  /3-dichloromuconic 
acid  to  the  action  of  reducing  agents  with  the  view  of  determining 
whether  the  one  or  the  other  hydromuconic  acid  be  formed.  The  re- 
daction was  brought  about  by  sodiam  amalgam,  and  by  tin  and 
hydrochloric  acid,  the  latter  agent  being  found  to  be  most  convenient 
for  the  preparation  of  hydromuconic  acid  from  o-dichloromuconic  acid 
(cf.  the  following  paper).  Like  Bode*s  acid,  so  also  is  the  /3-acid 
readily  attacked  by  tin  and  hydrochloric  acid.  On  adding  the  acid 
to^the  hot  reducing  mixture,  it  dissolves,  and  the  solntion  ponred  off 
from  the  tin,  on  cooling,  deposits  crystals,  which  when  recrystalKsed 
from  water  melt  at  195*.  These  gave  on  analysis  nambers  corre- 
sponding with  the  formula  CiH.fii: — 


C 

H 


Dheoiy. 

Found. 

50-0 

49-87 

5-55 

5-52 

Tin  and  hydrochloric  acid  reduce,  therefore,  the  /3-acid  to  the  same 
hydromuconic  acid  as  that  obtained  from  Bode's  dichloromuconic 
acid. 

The  reduction  of  )8-dichloromuconic  acid  by  sodinm  amalgam  was 
carried  out  in  the  cold,  and  according  to  the  directions  gfiven  by 
V.  Baeyer  and  Rupe  (loc.  cit.)  for  the  o-acid.  The  product  formed 
melted  at  195^,  that  is,  the  acid  was  identical  with  the  hydromuconic 
acid  obtained  in  using  the  acid  reducing  agent. 

Further  experiments  are  necessary  to  establish  the  oonstitation  of 
/3-dichloromuconic  acid  and  its  relation  to  Bode's  acid. 

In  describing  the  separation  of  the  /3-aoid,  it  was  mentioned  that 
the  various  ethereal  extracts,  though  frequently  taken  up  with  water, 
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etill  yielded  some  of  the  ordinary  sparingly  soluble  didiloromuconic 
acid.  This  leads  to  the  conclasion  that  another  acid  is  formed  by  the 
action  of  phosphorus  pentachloride  on  mncic  acid,  which  on  boiling 
with  water  gradually  undergoes  a  transformation  into  Bode's  acid. 
In  fact,  when  the  product  of  the  action  after  remoral  of  the  a-dichloro- 
mnconic  acid  is  shaken  with  ether,  the  solvent  evaporated,  and  the 
substance  left  behind  taken  up  with  water,  the  cold,  clear  solution  on 
heating  deposits  the  characteristic  needles  of  Bode*8  acid.  This  is 
only  sparingly  soluble  in  hydrochloric  acid,  and  the  dichloromnconic 
acid  which  Bode  got  from  the  filtrate  is  undoubtedly  formed  during 
the  evaporation  of  the  neutralised  liquid. 

It  may  also  be  further  mentioned  that  the  a-  and  /3-dichloromuconic 
acids  are  not  the  immediate  products  of  the  action  of  phosphorus 
pentachloride  on  mucic  acid,  but  that  these  acids  are,  as  might  be 
expected,  the  result  of  a  decomposition  of  the  first  formed  tetrachlor- 
adipic  acid.  The  isolation  of  this  acid  has  been^ndertaken  by  one  of 
us  (S.  B.)  and  S.  F.  Dufton.  The  result  of  our  experiments  we  hope, 
in  a  short  time,  to  bring  before  the  Society. 

University  Lcuboratory^ 
Cambridge. 


LXII. — OontrihutioiM  to  the  Knowledge  of  Mttcio  Acid,      Part  iTI. 
Hydromuconic  Add. 

By  S.  RuHiMANK,  Ph.D.,  M.A. 

Thi  view  with  regard  to  the  constitution  of  the  unsaturated  acid, 
isomuconic  acid,  which  I  published  together  with  F.  F.  Blackman, 
{Trane,^  1890,  370),  was  based  on  the  assumption  that  the  hydro- 
muconic acid  melting  at  195°  has  the  formula 

COOHCH:CHCHt-CH,-COOH, 

which  had  been  first  suggested  by  v.   Baeyer  (Berichte,  18,  680). 
The  recent  researches  of  v.  Baeyer  and  Rupe  (Annalen,  256,  1)  have 
changed   this  view.      They  proved  that   the  reduction-product  of 
Bode's  dichloromnconic  acid  has  the  constitution 
COOH-CHa-CHICH-CHa-COOH, 

and  that  this  acid,  when  boiled  with  sodium  hydroxide,  suffers  trans- 
formation to  A'^-hydromuconic  acid, 

COOH-CH:CH-CH,-CHa-COOH. 
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Their  interesting  paper  deals  further  with  the  action  of  potash  on 
dibromadipic  acid,  COOH-CHa-CHBrCHBr-CHa'COOH,  which  re- 
salts  in  the  formation  of  an  acid  called  by  them  muconic  ctcitL  This 
compound  which  we  had  studied  at  the  same  time,  and  described  as 
isomuconic  acid,  has,  according  to   their  researches,   the    formula 

cooh-ch:chch-ch-cooh. 

The  hydromuconic  acid  which  formed  the  starting  point  of  our 
experiments  was  prepared  bj  reducing  Bode's  dichloromuconie  acid 
with  tin  and  hydrochloric  acid.  I  have,  since  then,  used  this  method  and 
found  it  more  convenient  than  the  reduction  by  sodium  amalgam, 
at  least  in  the  preparation  of  larger  quantities  of  hydromuconic  acid. 
The  reduction  takes  place  very  readily.  It  is  only  necessary  to  add 
the  dichloromuconie  acid  to  the  hot  reducing  mixture,  to  pour  oft 
from  the  tin  as  soon  as  the  organic  acid  is  dissolved,  to  cool  the  solu- 
tion, to  collect  the  hydromuconic  acid  crystallised  out,  and  to  con- 
centrate the  filtrate.  One  recrystallisation  is  sufficient  for  the  puri- 
fication of  the  acid.  The  hydromuconic  acid  which  remains  together 
with  the  stannous  chloride  in  the  last  mother  liquor  was  not  ex- 
tracted, but  the  quantity  can  only  be  small.  In  an  operation  in  which 
the  dichloromuconie  acid  prepared  from  450  grams  of  mucic  acid 
was  reduced  by  tin  and  hydrochloric  acid,  the  hydromuconic  acid 
obtained  amounted  to  65  grams ;  while,  if  one  takes  into  considera- 
tion that  only  under  most  favourable  circumstances,  25  per  cent,  of 
the  mucic  acid  is  transformed  into  dichloromuconie  acid,  the  above- 
mentioned  quantity  of  mucic  acid  can  theoretically  yield  no  more 
than  76  grams. 

In  repeating  the  action  of  bromine  on  a  hot  aqueous  solution  of 
hydromuconic  acid,  it  was  found  that  the  crystals  which  separated 
out  first  were  dibromadipic  acid,  identical  with  that  formed  by 
adding  bromine  to  hydromuconic  acid  dissolved  in  glacial  acetic  acid, 
and  that  the  needles  which  crystallised  out  a  few  hours  afterwards 
were  a  monobromhydromuconic  acid.  The  latter  was  not  pure  but 
contained  traces  of  dibromadipic  acid,  as  was  indicated  by  the  analysis 
and  by  the  formation  of  a  small  quantity  of  muconic  acid  (as  I  call 
the  isomuconic  acid  according  to  v.  Baeyer  and  Rupe's  proposal)  on 
boiling  with  potash  and  then  acidifying.  These  observations  were, 
as  mentioned  before  {he.  cit),  different  from  those  of  Marquardt 
{Annalen,  165,  253).  v.  Baeyer  and  Eupe,  in  the  paper  referred  to, 
have  also  repeated  this  reaction,  and  found  that  the  dibromadipic 
acid  thus  formed  is  identical  with  that  produced  on  acting  with 
bromine  on  a  glacial  acetic  acid  solution  of  hydromuconic  acid; 
whilst,  on  the  other  hand,  they  confirmed  Marqnardt's  statement  as 
to  the  bromhydromnconic  acid.  These  contradictory  results  can 
only  be  explained  as  follows : — 
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In  the  action  of  bromine  on  A^-hjdromnconic  acid  dissolved  in 
water,  there  may  be  formed,  besides  dibromadipic  acid,  according  to 
the  conditions,  either  Marqaardt*s  monobromhydromuconic  acid,  or 
that  which  we  observed.  As  both  the  acids  last  mentioned  arc 
nndonbtedly  the  resnlt  of  a  splitting  off  of  hydrobromic  acid  from  the 
dibromadipic  acid  first  formed,  and  as  Marqnardt's  acid  would  have, 
according  to  v.  Baeyer  and  Eape's  researches,  the  constitution 
COOH-CH:CH-CHBrCH,-COOH,  the  formation  of  the  other  mono- 
bromo-acid  may  be  explained  by  the  removal  of  the  7-bromine-atom, 
and  the  hydrogen  of  the  carboxyl-group.     The  formula  of  this  acid 

may  thus  be  expressed  by  COOH-CHa-CH<^Q^>CHa,   that   is, 

this  acid  may  be  regarded  as  the  lactone  of  bromozyadipic  acid. 

As  the  bromine-derivative  was  found  to  be  very  unstable,  and 
could  not  be  recrystallised  without  suffering  decomposition,  I  studied 
the  action  of  chlorine  on  hydromuconic  acid. 

Dichloradipio  Add. — On   saturating  a  solution  of  hydromuconic 

acid  in  glacial  acetic  acid  with  chlorine,  no  crystals  separated.     The 

solution,  when  evaporated,  leaves  a  crystalline  residue  which  on  recrys- 

tallisation  from  water,  yields  colourless  needles,  melting  at  210'*  with 

decomposition.     They  are  readily  soluble  in  alcohol  and  in  boiling 

water,  and  gave  on  analysis    values  corresponding  to  the  formula 

C00H-CH,-CHC1-CHC1-CH,C00H :— 

Found. 

Theory  for  ^ * n 

C.H8C1504,  I.  11. 

C  33-49  33-50  — 

H 3-72  8-9  — 

CI 3302  —  3312 

The  ethereal  salt  of  dichloradipio  acid  was  prepared  in  the  usual 
manner  bv  saturating  an  alcoholic  solution  of  the  acid  with  hydrogen 
chloride,  allowing  it  to  stand  for  some  hours,  pouring  the  liquid  into 
water,  and  extracting  with  ether.  On  evaporating  the  solvent,  an  oil 
was  left  which  solidified  to  colourless  plates  melting  at  48 — 49". 

Analysis  proved  this  substance  to  be  the  ethyl  salt  of  dicMoradipic 
acid.  The  formula  COOCaHB-CHj-CHCl-CHCl-CHjCOOCJHj  re- 
quires : — 

Theory  for 

CioHieClA  Found. 

C 44-28  44-26 

H 5-9  5-91 

The  constitution  of  dichloradipio  acid  is  analogous  to  that  of  the 
dibromo-acid ;  this  follows  from  the  fact  that  the  ethereal  salt,  as  well 
as  the  acid,  when  heated  with  alcoholic  potash  yields  the  potassium 
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salt  of  moconic  acid,  from  which  mineral  acids  set  free  the  acid,  as 
proved  hy  its  properties,  and  by  an  analysis  which  gave : — 

Theory  for 
C6He04.  Found. 

C 5070  50-84 

H 4-22  4-31 

The  fiction  of  chlorine  on  an  aqueoui  aoltUion  of  hydromuconie  acid 
leads  to  dicbloradipio  acid,  and  to  a  monochlorhydromaoonic  aeid ; 
the  reaction,  therefore,  takes  place  in  exactly  the  same  manner  as 
with  bromine. 

A  hot  aqaeons  solntion  of  hydromnconio  acid  was  saturated  with 
chlorine ;  the  liquid,  which  on  cooling  did  not  deposit  crystals,  was 
allowed  to  stand  for  a  few  days  over  sulphuric  acid  in  a  vacuum, 
when  a  small  quantity  of  needles  separated,  which,  by  their  melting 
point  and  the  change  to  muconic  acid  they  suffer  under  the  influence 
of  potash,  were  identified  as  dichloradipic  acid. 

The  filtrate  from  these  crystals  when  concentrated  at  a  low  tem- 
perature yielded,  on  cooling,  long  needles  which  melted  at  119 — 120*, 
dissolved  readily  in  water  and  in  alcohol,  and  gave  on  analysis  num- 
bers corresponding  with  the  formula  CsHtCIOa  : — 

Foond. 

J ' ^ 

Theory.  I.  II. 

C 40-33  40-81  — 

H 3-92  416  — 

CI 19-89  —  19-92 

This  compound  has,  therefore,  the  composition  of  a  monobrom- 
hydromuconic  acid.  Its  behaviour  leads  to  the  view  that  it  may  be 
regarded  as  the  lactone  of  chlorozyadipic  acid, 

COOH-CH,-CH<§J^^>CH,. 

Experiments  were  made  with  the  object  of  proving  this  formula  by 
preparing  the  ethyl  salt  and  determining  whether  only  one  ethyl- 
group  enters  into  the  acid.  The  chlorinated  acid  is  readily  etherifled, 
but  on  attempting  to  distil  it,  hydrogen  chloride  was  given  off,  and 
at  180 — 182"*  under  a  pressure  of  20  mm.,  an  oil  passed  over  which  did 
not  contain  more  than  5*19  per  cent,  of  chlorine.  On  adding  strong 
aqueous  ammonia  to  this  oil,  mucouamide  is  formed,  as  was  proved 
by  its  properties,  and  by  a  nitrogen  determination,  which  gave : — 

Calculated  for 
CeHiNjO,.  Found. 

N 20-0  20-18 
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formation  of  mnoonamide  from  the  chlorinated  acid  is 
explained,  if  the  constitution  suggested  above  is  assumed 
I  latter.  The  ethereal  salt  of  this  acid,  on  distillation,  loses 
en  chloride,  and  is  partially  transformed  into  the  eihjl  salt 
lactone  of  hydroxjhjdromuconic  acid, 

COOC,H.-CH,-CH.<Q.Q^    J 

[a  removes  hydrogen  chloride  completely,  and  produces  first 
aide  of  hydrozyhydromaconic  acid, 

conh,ch»-ch(oh)-ch:ch-conh^ 

lowefer,  loses  water  and  yields  muconamide, 

conh,-ch:ch-ch:ch-conh,. 

interesting  is  the  action  of  boiling  water  on  the  chlorinated 
1  this  behaviour  agrees  well  with  the  lactonic  nature  of  this 
be  acid  cannot  be  treated  with  water  without  suffering  de- 
ion ;  hydrogen  chloride  is  constantly  given  off,  and  on  evapo- 
le  solution  the  long,  idiaracteristic  needles  disappear,  and 
int  crystals  of  a  different  habit  crystallise  ont,  which  are  free 
rine.  This  transformation  is  brought  about  more  readily  by 
le  aqueous  solution  of  the  chlorinated  acid  in  a  flask  furnished 
9ux  condenser.  The  crystals  which  separate  out  on  concen- 
nerally  melted  at  absut  100 — 105°,  but  on  recrystallising, 
ig  point  was  raised,  until  it  had  reached  122 — 125**,  when  no 
lange  was  observed.  In  spite  of  the  differences  in  the 
>intfi,  the  various  specimens  had  all  the  same  composition ; 

0  be  regarded  as  stereochemical  isomerides. 

1  no  doubt  that  this  substance  is  identical  with  the  product 
npricht  (Anruden,  165,  253)  got  by  the  action  of  silver 
ibromadipic  acid.  He  observed  also  the  changing  of  the 
ints  and  found  that  this  does  not  alter  the  composition. 

to  prove  the  composition  of  this  acid,  I  have  analysed  the 
)lting^  at  122 — 125^* ;  Limpricht  used  the  low-melting  acid 


o 


Theoiy  for 
C,H,04. 

Found. 

60-7 

60-56 

4-22 

4-35 

detejrmined  the  basicity  of  the  acid  with  the  same  speci- 
•and  in  accordance  with  Limpricht  that  it  is  monobasic. 
alising^  0*2355  gram  of  the  acid  with  titrated  potash  soln- 
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tion,  a  volume  waa  used  containing  0*0927  gram  KHO ;  this  corre- 
sponds to  39*18  per  cent. ;  the  calculated  percentage  being  39*43. 

Limpricht  called  this  acid  muconic  acid ;  v.  Baeyer  and  Rnpe,  how- 
ever, have  adopted  this  name  for  the  previonsly  described  (loc.  cit,) 
substance,  while  they  express  the  view  that  the  former  compound 
may  be  regarded  as  the  lactone  of  hydroxyhydromuconic  acid, 

COOH-CH.CH<^^'^°. 

This  suggestion  is  supported  by  the  experiments  which  I  have  de- 
scribed above. 

The  crystallographic  measurements  of  this  acid  have  been  kindly 
undertaken  by  Mr.  R.  H.  Solly,  Demonstrator  at  the  Mineralogical 
Laboratory  of  this  University. 

Orysiah  meliing  at  122—125*^ 

Oblique. 

101, 100  =  ee**  13i' ;  111,  010  =  33**  55';  101,  001  =  55'  20^'. 

fi,  58"  26' 

a:l:e=z  1'80811  :  1  :  1*62515. 

Forms  observed  :— alOO ;  cOOl  j  nOll ;  /111 ;  «Ill. 


Angles 

»Iculsted. 

Angles  found 

ac    = 

121'  34r' 

121°  22'  121°  34'* 

121°  44' 

af  = 

77 

77*           77°   4 

77  11 

fn    = 

30  51 

30  27     80  31 

30  37 

/'    = 

64  IH 

53  30     53  55 

54  50 

of    = 

71  30 

71  19     71  30* 

71  58 

fm  = 

34  21 

mllO  not  observed. 

ms,  =' 

27     3 

s,c   = 

47     6 

en    = 

54     9i 

//.    = 

67  50 

67'42J'    67"  53' 

68°  12* 

A  great  number  of  crystals  were  measured,  and  the  extreme  angles 
are  given ;  those  marked  with  an  *  were  the  best  angles,  and  were 
taken  to  calculate  the  elements — the  faces  n  and  s  gave  poor  reflec- 
tions, but  their  position  was  accurately  determined  by  sones. 

The  crystals  are  limpid  and  give  fairly  good  reflections.  The  de- 
velopment of  the  faces  varies  a  good  deal ;  sometimes  the  crystals 
consist  of  a  number  of  parallel  growths  on  the  /  faces,  other  times 
/,  c,  and  a  equally  developed  with  small  s  and  n^  Fig.  1.  Cleavage  a, 
highly  perfect. 
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Fio, 


Fig.  8. 


Optical  Characters, — The  cleavage  plane  a  is  very  nearly  perpen- 
dicnlar  to  an  optic  axis  and  gives  an  optic  picture  in  convergent 
polarised  light,  resembling  cane-sagar,  Fig.  2.  Doable  refraction 
negative.  The  arrangement  of  coloars  abont  the  eye  was  symmetrical 
to  the  plane  of  symmetry,  and  the  mean  lines  were  seen  to  lie  in  this 
plane. 

OrystaU  melting  at  100—105**. 

These  crystals  resemble  the  last  in  habit  and  development,  bat  an 
accurate  crystallographic  determination  was  impossible  on  account  of 
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the  dnll  and  rounded  development  of  the  faces.  The  formjs  nsaally 
present  were  a,  /,  and  c,  the  angle  between  a  and /was  found  to  be 
85'' 50',  and //i,  55— 57^  '^^ 

Cleavage  a,  highly  perfect. 

Optical  Characters, — A  cleavage  plate  gave  a  ^  distinctly  different 
optic  picture  to  the  last  crystals,  as  is  shown  in  Fig.  3 ;  instead  of 
one  eye  nearly  in  the  centre  of  the  field,  only>  a  curved  hyperbolic 
arm  with  a  small  eye  is  seen  at  the  extreme  edge  ol  the  field. 

Double  refraction,  negative. 

University  Laboratory,     ^ 
Cambridge. 


LXIII. — Bipheny  Ifurfwran. 

By  W.  H.  Perkin,  Jun.,  Ph.D.,  F.R.S.,  and  Aug.  Schlobssee, 
Ph.D.,  M.Sc. 

The   constitution  of  carbuvic  acid  (carbopyrotri tartaric  acid^^aud 
uvic   acid   (pyrotritartaric   acid)  has,  since  the  discovery  of  these 
acids  by  Harrow  (Trans.,  1878,  426),  been  the  subject  of  most  care- 
ful investigation. 

Harrow    first  obtained    these  acids    by  boiling  ethyl  diacetyl- 
.    ^    CH,-CO-CH-COOEt      . .    ...  .  ,     .       . , 

succinate,  cH^.COCH.COOEt'  ^'^  ^^""^^  '^^P^^"^^  ^'^^~ 

CuHisO*  +  H,0  =  CeHaO.  +  2C2H«-OH. 
Carbuyic  acid. 

CeHjOj  =  CHbOs  +  CGj. 

XJvic  acid. 

Knorr  {Bnr,^  17,  28G6)  subsequently  obtained  the  ethereal  ftalt  of 
carbuvic  acid  directly  from  ethyl  diacetylsucdnate  hj  the  action  of 
concentrated  snlphuric  acid : — 

CHa-CO-CH-COOEt 

CH3-CO-6H.COOEt  "  ^«^O.Et,  +  H.O. 

Paal  {Ber,,  17,  2765)  showed  that  ethyl  ace  tony  lacetoacetate,  when 
warmed  with  C(mcentrated  hydrochloric  acid,  yielded  ethyl  uvate, 
thus : — 
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uing  from  these  and  other  facts,  Knorr  and  Paal  oondnded  that 
ric  and  nyic  acids  are  fnrf  aran-deriyatives,  the  former  being  the 
e  latter  the  mono-carboxjlic  acid  of  dimethylfnrfnran. 
formation  of  ethyl  nvate,  for  example,  from  ethyl  acetonyl- 
3etate  would  be  represented  by  the  equation 

CHa-CO-CH-COOEt  _  CH3C(0H):^-C00Et 
CH,-COCH,  *"  CH,-C(OH):CH 

(Stable  form).  (Labile  form). 

CH,-0    CCH,       ^     ' 

Y 

Etbjl  UTate  (dimethjlfurfurancarboxjlate). 

;  acid  was  subsequently  obtained  by  Fittig  (Ber.,  18,  3410, 
$4),  from  methronic  acid,  by  the  elimination  of  carbon  dioxide. 
»nic  acid  is  formed  by  the  condensation  of  ethyl  acetoacetate 
dium  succinate  in  the  presence  of  acetic  anhydride. 
g  (Armalen^  250,  71)  is  of  the  opinion  that  in  this  reaction  a 

CHsC— CH-COONa 
'*^*'  COOEfCHCH,.COOH'  ^  ^"*  ^^"^^'  *^^  *^  *^"^ 
mol.  HaO,  fomiiug  the  sodium  ethyl  salt  of  methronic  acid, 
nic  and   uvic    acids    would   therefore    have    the    following 
3: — 

CH3-C CH-COOH     CHs-C CH-COOH 


-CH-( 


X  CT*»  "whereas  according  to  the  latter,  this  acid  is  a  deriva- 


COOHCCOCH,  '  HC-CO-CH, 

Methronic  acid.  XJyic  acid. 

ill  be  seen  at  a  glance  that  Fittig's  foi*mula  for  uvic  acid 

very  materially  from  that  proposed  by  Paal  and  Knorr ;  the 

supposes  this  acid  to  be  a  derivative  of  a  closed  carbon  chain, 

-CH. 

[•I 

HC— CH 

dimethylfurfuran,  CH,-C     C'CH,' 

Y 

;  explains  Knorr's  synthesis  of  ethyl  carbuvate  from  ethyl 
succinate  and  PaaFs  synthesis  of  ethyl  uvate  from  ethyl 
acetoacetate  on  the  assumption  that  in  both  cases  a  simple 
oxide  condensation  takes  place,  thus : — 

I,-CO-CH-C00Et     _    CHa-C] CH-COOEt  ^ 

I/CO-CHa  ""        HC-CO-CHs  ■*"     * 

jl  aoetonylacetoacetate.  Ethyl  uyate. 
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The  genend  behavioAr  ol  these  sabstances  towards  reagents,  and 
partioalarly  the  fact  that  they  do  not  combine  with  phenjlhydrazine 
or  hydroxylamine,  favours  very  strongly  the  view  that  they  are  fnr- 
fnran-derivatives ;  bat,  on  the  other  hand,  it  is  difficult,  as  Fittig 
points  ont,  -to  explain  the  formation  of  dimebhylfnrfaran- derivatives 
by  the  condensation  of  succinic  acid  with  ethyl  acetoacetate. 

In  a  paper  published  some  time  since  (Trans^  1885,  47,  271 ;  com- 
pare also  Trans.,  1886,  49,  366 — 171),'  it  was  shown,  by  one  of  us,  th^J 

ethyl  dibenzoylsuccmate,  ^  ^  -CO-iH-OOOEt'  ^  dissolved  m 
concentrated  sulphuric  acid,  underwent  condensation,  giving  rise  to  an 
ethereal  salt,  C22Hao06,  which  in  its  reactions  showed  great  similarity 
to  ethyl  carbuvate.  On  hydrolysis,  it  was  converted  into  a  bibasic 
acid  (diphenylftirfurandicarboxylic]  acid),*  CisHisOs,  which  corre- 
sponded to  -earbuvic  acid^  from  which,  however,  it  appeared  to 
differ  in  that  when  heated  it  yielded  an  aidiydride,  whereas  carbuvic 
acid,  under  similar  treatment,  is  decomposed  into  uvie  acid  and 
carbonic  anhydride. 

At  that  time,  owing  to  the  difficulty  in  obtaining  material,  these 
experiments  were  left  unfinished ;  in  view,  however,  of  the  import- 
ance of  assigning  the  correct  formul®  to  these  derivatives,  we  have 
again  taken  up  the  subject  and  now  beg  to  lay  the  results  of  our 
experiments  before  the  Society. 

The  action  of  heat  on  diphenylfurf nrandicarboxylic  acid  has  now 
been  carefully  investigated,  and  our  experiments  have  shown  that 
this  acid  when  rapidly  and  strongly  heated  is  readily  decomposed 
with  evolution  of  carbon  dioxide  and  formation  of  diphenylfurfuran- 
monocarboxylie  acid — 

COOH-C— C-COOH  _        HC— C-COOH 

Y  Y 

This  acid  is  a^^n  readQy  decomposed  into  carbon  dioxide  and 
diphenjlfarfnran,  thus : — 

HC— C-COOH  _        HC— CH 
C.H.-(J    O-CH,      ~  CH.-C    C-C.H,  "•"       " 


Y 


o 


Diphenylf urfuranmonocarboxylic  acid  has  already  been  prepared  by 

*  In  this  paper,  these  aoids  are  coiuidered  as  f urf una-deriTatiTee  for  the  sake 
of  simplicity. 
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Kapf  and  Paal  (Per.,  21,  1489  and  3054)  bj  ftctmg  on  ethjl 
phenacylbenzoylacetate  with  hydroehloric  acid, 

COOC.H.  ^    C.H..C    C'CH^      +t.H.-OH, 

\/ 

and  possesses  the  same  melting  point  (217*')  and  the  same  properties 

as  the  acid  obtained  from  diphenylfnrfurandicarboxylic  acid.* 

Paul  also  prepared  diphenylforfaran  by  heating  phenylacetylene- 

,  1      ^.       ..  GJH^-CO-CH-CiC-CeHfl.      ^.  ,  ,      .^,  ,      . 

benzc^laoeticacid,  Mnr\YT  » ^^  d>phenacyl,  with  fammg 

CO  OH. 

hydiechloric  acid  at  130—150", 

G.H.-CO-GH3-GH/CO-CeH5=  ^_ffi"~p^„   +  HaO, 
Diphenaeyl.  ht^^'Ll^^tU 

O 

this  srrbstanoe  being  also  identical  with  the  diphenylfarf aran  obtained 
by  us.* 

If  diphenylfurftiran  is  submitted  to  the  vapour  of  bromine,  it  is 
converted  into  a  beautifully  erystalline  compound,  GitHioBriO,  which 
melts  at  19F, 

CmHwO  +  3Bni  =  GwHitBriO  +  2HBr, 

and  when  treated  with*  sodium  andt  alcohol,  diphenylfurfuran  is 
readily  reduced  with  foivnation.  of  a  variety  of  products  depending 
on  the  amount  of  sodium  employedl  In  studying  this  reaction, 
Paal  (Ber^  21,  305 7<)  obtained  diphenyltetrahydrofurfuran, 


HjC — ClS-t, 
5-HO    OH-GA' 


G,H. 


Y 


but  we  found,  on  repeating  this  expevLment,  that  if  a  large  excess  of 
sodium  ia  employed,  diphenylfurfuran  takes  up  as  many  as  eight 
atoms  of  hydrogen,  forming  octohydrodiphenylfuran,  GitHwO,  the 
two  phenyl-groups  being  apparently  partially  reduced. 

In  preparing  considerable  quantities  of  diphenylfurfuran,  a  small 
quantity  of  a  secondary  product  was  obtained,  which  crystallised  in 
yellow  needles  and  on  analysis  gave  numbers  agreeing  with  the 
formula  CuRnOi,     This  substance  is  obviously  formed  by  the  con- 

*  Throngh  the  Inndfaesr  of  Dr.  Paal  ^  I  have  been  enabled  to  institiite  a  direct 
comparison  of  bii  and  my  deriyatiTes,  and  bave  found  them  to  be  identical  in  every 
respect. 
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densation  of  two  molecules  of  diplienylfurfTiranmonocarboxylic  acid, 
the  reaction  being  similar  to  the  formation  of  anthraqninone  from 
benzoic  acid, 

C(C.H.):CH 

^c(c^.):o-cooH  ~ 

c(c^.):9-co-c:c(C.H.) 
°<c(c^.):c-co-6:c(C.H.)>°  ^  ^°*^- 

Carburic  acid. 

In  studying  the  action  of  heat  on  carbuTic  acid,  Paal  (Par.,  20, 
1086)  isolated  a  substance,  tetramethyluvinone,*  which  corresponds 
in  every  respect  with  the  condensation-product  just  described ;  to 
this  he  gave  the  formula 

c(CH,):c.co-c:c(CH,) 

^C(CH,):C-CO-0  C(CH,)'^ 

We  propose  to  name  our  product  tetraphenyluvinone. 

In  studying  these  results,  it  is  obvious  that  whatever  the  constitu- 
tion of  carbuvio  acid  may  be,  the  substances  described  above  can 
only  be  furfuran-derivatives,  because  in  the  formation  of  these  sub- 
stances from  ethylic  dibenzoylsuccinate,  owing  to  the  absence  of 
methyl-groups  no  mesityl  oxide  condensation,  such  as  that  suggested 
by  Fittig,  can  take  place. 

As,  however,  the  internal  condensation  of  ethyl  diacetylsuccinate 
runs  so  exactly  parallel  with  that  of  ethyl  dibenzoylsuccinate,  and  as 
in  both  cases  products  so  exactly  similar  in  properties  are  produced, 
it  is  extremely  probable  that  carbuvic  acid  and  diphenylfurfnran- 
dicarboxylic  acid  are  similarly  constituted. 

Supposing  methronicacid  to  be  a  furfuran-derivative,  its  formation 
from  ethyl  acetoacetate  and  succinic  acid  by  Fittig's  synthesis  might 
be  explained  thus : — 

I.  In  the  first  place,  condensation  takes  place  between  the 
methylene-group  of  the  ethyl  acetoacetate  and  one  carboxyl-gronp 
of  the  succinic  acid,  thus : — 

CH,-C0CH,-C00CaH5  +  COOH-CHa-CH,-COOH  = 

CH,-C0-(j3H-000C,H. 
COOH-CHa-CH,-CO  *   * 

•  This  Bubstanoe  was  originally  termed  uvinone  by  Dr.  Paal,  but  I  have  recently 
receiyed  a  communication  from  him  in  which  he  agrees  with  me  that  the  term 

ch:c-co-c;ch^ 

UTinone  is  best  applied  to  the  parent-substance  0<  i  Ji.riTT^^  *'**^  *'^** 
consequently  his  compound  should  be  termed  tetramethyluTinone. 
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II.  This  intermediaie*  product,  under  the  inflnence  of  the  deLy drat- 
iDg  agents  employed,  loses  1  mol.  H2O,  thus : — 

CFa-CO-CH-COOC^Hs  _  CHa-COCH-COOCH^ 

COOH-CFa-CH^rCO  "  COOH^CH,-C:C  +  HaO. 

III.  A  substance  of  this  constitution  is,  as  Paal  has  repeatedly 
shown,  readily  converted  into  a^  furfuran-derivative,  thus  : — 

CHS-C0-CH-C00C.H5  .   ^  q  ^  CHj-CO^JH-COOCaH. 

COOH-CH.OiC  *  COOHCH.-CO-CH, 

'^COOH-CHa-O    C-CH, 

Y 

According  to  this  explanation,  methronicacid  would  be  represented 
by  the  formula 

COOfl-C— CH 

CHs-C   c-CH,-cooa* 
o 

This  formula  fally  explains  the  isomerism  of'  methronic  and  carb- 
uvic  acids,  and  also  the  fact  that  the  former  acid,  on  heating,  is  con- 
verted into  uvic  acid  and  carbon  diozide.  Should  the  above  prove 
to  be  the  correct  explanation  of  the  formation. of  methronic  acid  and 
other  acids  obtained  by  similar  reactions  by.  Fittig,  this  will  be  an  in- 
teresting example  of  the  transference  of  an  oxygen- atom  from  one 
carbon-atom  to  the  neighbouring  carbon-atom,  thus : — 

•CHa-CO-  -CO-CH,- 

or  =  -CiC-  +HaO  =  or 

•ch:c(oh>  <J(OH):ch- 

This  simultaneous  splitting  off  and  reverse  addition  of  the  ele- 
ments of  water  was  first  suggested  by  Baeyer  (J?er.,  3,  70). 


Ethyl  Bibenzoyls^icctfuite,   c^..CO.CH.COOC,H.- 

This  ethereal  salt  was  first  prepared  by  the  action  of  iodine  on  the 
dry  sodium  compound  of  ethyl  benzoylacetate  suspended  in  ether 
(Trans.,  1885,  47,  263). 

As  it  was  necessary  in  this  research  to  prepare  considerable 
quantities  of  this  substance,  numerous  experiments  were  first  made 

3  B  2 
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witli  the  view  of  findinfi^  the  conditions  which  gave  the  best  yield. 
As  the  result  of  these  the  following  method  was  ultimately  adopted. 

«2*5  grams  of  sodium,  in  the  form  of  very  fine  wire,  was  placed  in 
a  flask  containing  500  c.c.  of  absolute  ether,  and  20  grams  of  ethyl 
benzoylacetate  was  then  added  in  small  portions  at  a  time,  the  con- 
tents of  the  flask  being  carefully  cooled  during  the  operation  by  a 
stream  of  cold  water.  The  sodium  compound  of  ethyl  benzoylacetate 
soon  sepamted  out,  and  the  mass  ultimately  became  quite  thick.  The 
action  is  allowed  to  go  on  for  about  three  hours,  the  contents  of  the 
flask  being  violently  agitated  from  time  to  time,  in  order  to  prevent 
the  particles  of  sodium  from  being  covered  with  the  white  sodium 
compound  and  thus  rendered  inactive.  14  grams  of  iodine,  dis- 
solved in  absolute  ether,  was  now  allowed  to  ran  in  slowly  from  a 
dropping^  funnel,  the  flask  being  well  agitated  during  the  operation. 
The  resulting  slightly  brownish  solution  was  mixed  with  water, 
the  slight  excess  of  iodine  removed  by  the  addition  of  a  few  drops 
of  sulphurous  acid,  the  ethereal  layer  separated,  washed  once  with 
water,  dried  over  calcium  chloride,  and  the  ether  distilled  off. 
The  slightly  yellowish  oily  residue,  on  standing,  almost  completely 
solidified  to  a  mass  of  crystals  of  crude  ethyl  dibenzoylsuccinate. 
This  crude  product  is  best  purified  by  trituration  in  a  mortar  with 
cold  methylated  spirit,  in  which  the  crystals  are  very  sparingly 
soluble,  separation  of  the  dark-coloured  mother  liquor  by  filtration, 
and  recrystallisation  of  the  almost  colourless  residue  from  boiIin<? 
purified  methylated  spirit. 

100  grams  of  ethyl  benzoylacetate  by  this  process  yielded  from  C*5 
to  70  grams  of  pure  ethyl  dibenzoylsuccinate. 

JDiphenylfurfurandicarhoxylic  Acid,  cOOH-C— C-COOH 

Solution  in  sulphuric  acid  converts  ethyl  dibenzoylsuccinate  quanti- 
tatively into  ethyl  fnrfurandicarbozylate,  thus  : — 

CeH^-CO-CH-COOCHj         *         COOCaHj-C— (J-COOCH. ' 

The  details  of  this  operation  have  already  been  given  (Trans.,  188C, 
49,  166).  In  a  number  of  cases  it  was  noticed  that  the  solution  of 
ethyl  dibenzoylsuccinate  in  concentrated  sulphuric  acid  acquired  in 
the  first  place  a  deep  brownish  colour,  which  on  standing  for  12  hoars 
gradually  became  green,  and,  lastly,  of  an  intense  indigo-blue. 

The  pure  ethereal  salt  was  hydrolysed  by  boiling  on  a  water-bath, 
for  about  1 5  minutes,  with  twice  the  calculated  quantity  of  alcoholic 
potash.     On    mixing   the   ethereal  salt  with   alcoholic   potash,  the 


Digitized  by  VjOOQIC 


PERKIN  AND  SOHLOESSER:   DIPHENYLFURFURAN.  951 

very  sparingly  soluble  potassium  salt  of  the  bibasic  acid  separates  oat 
almost  immediately  (compare  carbopyrotri tartaric  acid),  in  glittering 
needles.  These  are  brought  into  solation  by  the  addition  of  water, 
the  excess  of  alcohol  removed  by  evaporation,  and  the  bibasic  acid 
precipitated  by  the  addition  of  an  acid.  The  precipitate  is  collected, 
washed  with  water,  and  purified  by  recrystallisation  from  methylated 
spirit. 

Diphenylf  urf  urandicarboxylic  acid  melts  at  238**,  and  when  strongly 
heated  splits  up  into  dipheny  If  urfuranmonocar boxy  lie  acid  and  carbon 
dioxide,  thus  : — 

C,n.-C-0-C-C,H.      _       CeH..C.OC-C.H. 
COOH-C— C-COOH        COOH-C— CH        "^       *" 

The  1 :  2  position  of  the  carboxyl-groups  in  diphenylf  urf  urandicarb- 
oxylic acid  is  clearly  proved  by 'the  ease  with  which  this  acid  is 
converted  inti>  its  anhydride.  This  interesting  compound  has  already 
been  prepared  in  small  quantities  (Trans.,  1885,  47,  208)  ;  but  in 
view  of  its  importance  in  discussing  the  formula  of  dipheny  If  urf  uran- 
dicarboxylic acid,  we  have  again  prepared  and  analysed  this  substance. 

A  beautiful  specimen  of  the  anhydride,  twice  recry stall ised  from 
acetic  anhydride,  gave  the  following  results  on  analysis : — 

01 35 7  gram  substance  gave  03691  gram  CO2  and  00428  gram 
H2O. 

Theory  for 
CwH,o04.  Found. 

C 74*48  per  cent.  74*  17  per  cent. 

H 3-45         „  3-50 

O 2207        „  22-33 

The  properties  of  this  anhydride  have  already  been  given  (loc.  cit., 
p.  269). 

Dipheny  If  urf uranmonocarboQsy  lie  Acid  y  M      J-L^rk/^rr* 

In  preparing  this  acid,  pure  diphenylfurfurandfcarboxylic  acid  i.s 
heated  in  a  round-bottomed  flask,  by  a  bath  of  fusible  metal,  until  it 
melts,  and  the  temperature  is  then  gradually  raised  until  a  rapid 
evoluticm  of  (.♦nrbon  dioxide  takes  place.  After  heating  for  about  five 
minutes,  the  effervescence  slackens  considerably,  when  the  mass  is 
poured  iiito  hot  dilute  sodium  hydrate  solution,  heated  nearly  to 
boiling,  in  order  to  prevent  the  sparingly  soluble  sodium  salt  of  the 
monocarboxylic  acid  from  separating,  and  filtered  through  a  hot  water 
funnel.      A    considerable  quantity   of   a  dark-brownish    substance 
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remains  on  the  filter  paper;  this  consists  of  crude  diphenylfiirfaran. 
and  will  be  referred  to  later  on.  On  acidifying  the  dark-coloured 
solntion  of  the  sodium  salt,  a  white,  crjstaDine  substance  is  pre- 
cipitated, which  consists  for  the  most  part  of  diphenylfurfuranmono- 
carboxylic  acid,  mixed  with  varying  quantities  of  unchanged  bibasic 
acid.  This  was  collected,  washed  with  water,  dried  on  a  porous  plate 
in  a  water-oven,  and  repeatedly  extracted  with  small  quantities  of 
boiling  benzene,  in  which  the  bibasic  acid  is  very  sparingly  soluble. 
The  solution  on  standing  deposited  the  new  acid  in  slender,  white 
needles,  which,  after  repeated  recrystallisation  from  benzene,  were 
readily  obtained  pure.     The  analysis  gave  the  following  numbers : — 

01727  gram  substance  gave  0-4901  gram  COj  and  00736  gram 
H,0. 

Theory. 

C17H13OS.  Found. 

C 77-27  per  cent.  77-42  per  cent. 

H 4-54        „  4-73 

O 1818        „  18-85 

Diphenylfurfuranmonocarboxylic  acid  melts  at  about  214 — 217'. 
It  is  almost  insoluble  in  water  and  light  petroleum,  readily  soluble  in 
boiling  alcohol,  acetic  acid,  and  benzene. 

The  basicity  of  this  acid  was  determined  by  titration  with  a 
standard  solution  of  potassium  hydrate. 

0*6470  gram  of  acid  required  for  neutralisation  24-8  c.c.  of  potassium 
hydrate  solution,  1  c.c.  of  which  contained  0002786  gram  KOH. 

The  amount  of  KOH  used  was  therefore  0-06909  gram,  whereas 
theory  requires  for  a  monobasic  acid  CitHbOj,  0*06861  gram.  The 
silver  salt  was  prepared  by  dissolving  the  acid  in  a  slight  excess  of 
dilute  ammonia,  allowing  the  solution  to  stand  over  sulphuric  acid 
till  neuti*al,  and  then  precipitating  with  silver  nitrate.  It  is  a  white, 
insoluble  powder,  which  is  only  very  slowly  affected  by  light.  The 
analysis  of  the  salt  dried  at  100**  gave  the  following  numbers : — 

0'2042  gram  substance  gave  0*0602  gram  Ag. 

Theory. 
OirHiiOjlg.  Fouod. 

Ag 2911  per  cent.  29*48  per  cent. 

Experiments  were  next  instituted  with  the  object  of  demonstrating 
the  absence  of  a  hydroxyl-  or  carbonyKgronp  in  diphenylforfanui- 
carboxylic  acid. 

a.  2  grams  of  the  pure  acid  was  boiled  for  three  to  four  hours  with 
an  excess  of  acetic  anhydride  ou  a  reflux  apparatus.  The  acid  soon 
dissolved,  but  no  other  change  was  noticed.     After  distilling  off  the 
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greater  bulk  of  the  anliydride,  water  was  added,  and  the  whole 
allowed  to  stand.  The  white,  erjBtalline  precipitate  melted  at  215'', 
and  was  fonnd  to  be  unaltered  diphenjlfarfaranmonocarboxjlic  acid. 

b.  0*5  gram  of  pare  acid  was  dissolved  in  an  excess  of  potassium 
hydrate  solution,  0*2  gram  of  hydroxylamine  hydrochloride,  dissolved 
in  a  little  water,  added,  and  the  prodnct  allowed  to  stand  for  48  hoars. 
The  solution  was  then  acidified  with  dilute  hydrochloric  acid,  the 
precipitate  collected,  washed,  and  dried  at  100**.  Its  melting  point 
was  found  to  be  215 — 217°,  and  it  was  therefore  unchanged  acid. 

Diphenylfarfarancarboxylic  acid,  as  described  above,  is  identical 
with  aa'-diphenylfurfuran-/3-carboxylic  acid  obtained  by  Paal  (jBer., 
21,  1489)  by  boiling  phenylacetylenebenzoylacetic  acid  with  alcohol 
and  fuming  hydrochloric  acid.  In  addition  to  the  properties  given 
above,  Paal  noticed  that  the  acid  on  oxidation  gives  a  quantitative 
yield  of  benzoic  acid.  An  account  of  the  salts  of  this  acid,  including 
the  ethyl  salt  (CisHisOs,  m.  p.  82°),  is  also  given. 

Action  of  Bromine  on  Diphenylfurfurancarhoxylic  Add, 

The  finely  divided  acid  was  exposed  under  a  bell-jar  to  the  fumes 
of  bromine.  The  acid  first  appeared  to  melt,  but  after  some  hours  it 
again  completely  solidified.  The  residual  darkly-coloured  mass  was 
placed  over  soda-lime  to  remove  excess  of  bromine,  and  thus  obtained 
as  a  pinkish,  exti'emely  insoluble  powder,  which  could  not  be  obtained 
in  a  crystalline  condition.  It  was  repeatedly  extracted  with  small 
quantities  of  hot  alcohol,  and  the  resulting  colourless  powder  analysed, 
with  the  following  result : — 

01536  gram  substance  gave  01993  gram  AgBr. 

Theory. 
Ci7HijO,Br4.  Found. 

Br 54*98  per  cent.  55*34  per  cent. 

Judging  from  the  results  obtained  in  our  experiments  on  the  action 
of  bromine  on  diphenylfurfuran,  it  is  extremely  probable  that  the 
brominated  acid  has  the  constitution — 

CsHs-Bi-C-O-CBrCsHs 
BrHC— CBrCOOH' 


_  .      ...  C.H5-C-0-C-C.H5 

Diphenylfurfuran,  ch-CH      ' 

This  substance  is  formed,  together  with  diphenylfurfuranmono- 
carboxylic  acid,  by  the  action  of  heat  on  diphenylfurf  arandicarboxylic 
acid.     On  treating  the  product  of  the  reaction  with  dilute  sodium 
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hjdrate  (see  above),  diphenjlfnrfnran  is  left  behind  as  a  brownish, 
crystalline  mass.  This  was  washed  well  with  water,  dried  on  a 
porous  plate  in  a  desiccator,  and  repeatedly  extracted  with  boiling 
light  petroleum  (b.  p.  70 — 90).  By  this  means  diphenylfnrfaran 
is  dissolved,  leaving  a  varying  quantity  of  a  very  sparingly  soluble 
yellow  substance,  which  will  be  described  below. 

The  dark-coloured  solution  is  evaporated,  the  residue  transferred  to 
a  small  retort,  and  very  rapidly  distilled  under  reduced  pressure 
(50  mm.).  The  yellowish  distillate  is  dissolved  in  a  little  boiling 
light  petroleum,  from  which  solvent,  on  cooling,  pure  diphenyl- 
f nrfuran  separates  in  colourless,  glittering,  fern-like  crystals. 

The  analysis  gave  the  following  results : — 

01592  gram  substance  gave  0-5086  gram  CO3  and  0*0787  gram 
.   HgO. 

Theoiy. 
CisHisO.  Found. 

C 87-27  per  cent.  8713  per  cent. 

H 6'4S        „  5-49 

O 7-27        „  7-38 

Diphenylfurfuran  melts  at  88 — 89**,  and  has  all  the  properties 
ascribed  to  this  substance  by  Paal,  who,  however,  gives  the.  melting 
point  as  91°. 

Tetrdbromodiphenylfuffuran,  CuHioBriO. 

In  order  to  study  the  action  of  bromine  on  diphenylinrfuran,  the 
finely  divided  substance  was  spread  out  on  a  sheet  of  glass,  and  ex- 
posed under  a  bell -jar  to  the  vapours  of  bromine  for  24  hours.  On 
opening  the  bell-jar,  it  was  noticed  that  considerable  quantities  of 
hydrogen  bromide  had  been  produced.  The  dark-coloured  residue 
was  placed  over  soda-lime  till  free  from  excess  of  bromine,  and  then 
once  or  twice  recrystalHsed  from  benzene. 

In  this  way  beautiful,  thin,  colourless,  satiny  needles  were  obtained, 
which  on  analysis  gave  the  following  numbers : — 

I.  01948  gram  substance  gave  00326  gram  HtO  and  0*2580 

gram  COa> 
II.  01834  gram  substance  gave  0*0302  gram  H,0  and  0*2380 
gram  COs* 
in.  0-2078  gram  substance  gave  0*2922  gram  AgBr. 
IV.  0-2190  gram  „  0-3061  gram  AgBr. 
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Found. 

Theory.  ( * ^ 

CijHioBp^O.  I.  II.  III.         IV. 

C 36()9p.  c.  36-12    35'39       —         —    p.  o. 

H 1-85    „  1-86      1-82       —         —     „ 

Br 69-48    „  —         —       69-81    6947    „ 

Tetrabromodiphenylfurfuran  melts  at  190 — 191°.  It  is  readily 
soluble  in  boiling  benzene,  carbon  bisalphide,  and  acetic  acid ; 
sparingly  soluble  in  hot  alcohol  and  light  petroleum.  When  quickly 
heated,  in  small  quantities,  it  sublimes  apparently  unchanged.  The 
substance  is  indeed  characterised  by  its  extreme  stability ;  even  boiling 
with  zinc-dust  and  acetic  acid  seems  to  have  little  influence  on  it. 


Beduction  of  Diphenylfurfuran. 

In  his  experiments  on  diphenylfurfuran,  Paal  {Ber,,  21, 3067)  found 
that  when  this  substance  is  reduced  in  alcoholic  solution  by  sodium  it 
is  converted  into  tetrahydrodiphenylfurf  uran,  CisHnO  (a  colourless  oil 
boiling  at  320—322**). 

We  have  carried  out  a  number  of  experiments  on  this  same  subject, 
and  find  that  in  this  reaction  a  variety  of  products  are  formed, 
according  to  the  amount  of  sodium  used.  Thus,  if  slightlj  more  than 
the  theoretical  quantity  for  4  atoms  of  hydrogen  is  employed,  an  oil 
is  obtained  which  has  properties  very  similar  to  those  assigned  by 
Paal  to  tetrahydrodiphenylf urfuran ;  this  on  analysis  gives  numbers 
agreeing  fairly  well  with  this  formula : — 

0'1630  gram  substance  gave  0*1061   gram  H2O  and  4802  gram 

CO,. 

Theory. 

CigHiJO.  Found. 

C 86-71  per  cent.  8663  per  cent. 

H 7-14        „  7-69 

If,  on  the  other  hand,  a  large  excess  of  sodium  is  employed,  di- 
phenylfurfuran takes  up  8  atoms  of  hydrogen,  and  is  converied  into 
octohydrodiphenylfarfuran.  The  details  of  the  preparation  of  this 
substance  are  the  following. 

Pure  diphenylfurfuran  (10  grams)  is  dissolved  in  boiling  absolute 
alcohol  (300  grams),  and  a  large  excess  of  sodium  (26 — 30  grams) 
added  as  quickly  as  possible,  a  little  more  alcohol  being  added  from 
time  to  time  if  necessary.  The  product  is  mixed  with  water,  the 
alcohol  boiled  o£E,  and  the  residue  extracted  two  or  three  times  with 
ether.  The  ethereal  solution  is  washed  with  water,  dried  over  calcium 
chloride,  the  ether  distilled  off,  and  the  residual,  almost  colourless 
oil  purified  by  repeated  fractionation  under  diminished  pressure. 
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Two  preparations  were  made  and  analysed. 

I.  The  oil  boiled  at  210— 220^  under  a  pressure  of  40  mm. 

0-1570  gram  substance  gave  01236  gram  H,0  and  0*4842 
gram  00%. 
II.  The  oil  boiled  at  245—250**,  under  a  pressure  of  110  mm. 

01596  gram  substance  gave   0*4940  gram  CO,  and  01276 
gram  H2O. 

Found. 

Theorj.  ^ • . 

C„H«0.  I.  II. 

C 84-21  per  cent.         84-11     84*41  per  cent. 

H 8-77       „  8-75      8*84 

TetraphenyluviTione,  CstHjuOi. 

This  substance  is  produced  in  small  quantity  in  the  preparation  of 
diphenylf nrfuran,  and,  being  very  insoluble,  remains  behind  after  ex- 
tracting the  crude  product  with  light  petroleum  or  benzene,  a* 
described  above.  The  crude  yellow  residue  is  readily  purified  by  re- 
crystallisation  from  boiling  xylene. 

Analysis : — 

01513  gram  substance  gave  0*0575  gram  H3O  and  0*4590  gram 

COa. 

Theorr. 

CmHioO^.  Found. 

C 82*93  per  cent.  82*74  per  cent. 

H 4*07        „  4*22 

0 1300        „  1304 

Tetraphenyluvinone  crystallises  from  xylene,  in  which  it  is  onlj 
sparingly  soluble,  in  thin,  brilliant,  yellow  needles,  which  are  often 
grouped  together  in  tufts.  It  does  not  melt  at  280^.  It  is  very 
sparingly  soluble  in  boiling  alcohol,  benzene,  acetic  acid,  and  most 
other  organic  solvents.  On  exposure  to  light,  the  crystals  rapidly 
become  of  a  deep  orange  colour. 

Prolonged  boiling  with  zinc-dust  and  acetic  acid  dissolves  the 
substance,  forming  a  reddish  solution  from  which  water  precipitates  a 
salmon-coloured,  amorphous  precipitate.  Fusion  with  potash  caDses 
the  substance  to  char. 

The  following  property  is  highly  characteristic  of  tetraphenyl- 
uvinone. If  the  smallest  trace  of  the  substance  be  added  to  concen- 
trated sulphuric  acid,  a  most  intense  dark-green  solution  is  produced, 
which  possesses  a  most  magnificent  dark,  brick-red  fluorescence.  If 
the  solution  be  strongly  heated,  the  green  colour  gradually  changes  to 
a  pure  blue  without  influencing  the  fluorescence.  A  drop  of  nitric 
acid  added  to  the  sulphuric  acid  solution  produces  a  red  coloration 
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out  fluorescence.     The  colour  and  fluorescence  of  tlie  sulpliuric 
solution  instantly  disappear  on  adding  water, 
cperiments  on  the  absorption  spectrum  and  general  optical  pro- 
es  of  the  solution  are  in  progress. 

ertot  Watt  College,  Edinburgh. 


LXIV. — Note  on  the  Reduction  of  Aromatic  Amides. 
A..  Hutchinson,  B.A.,  Scholar  of  Christ's  College,  Cambridge. 

he  year  1874,  Guareschi  (Ber.y  7,  1462)  observed  that  by  the 
in  of  sodium  amalgam  in  acid  solution  benzamide  is  reduced  to 
yl  alcohol.  Bmil  Fischer  has  recently  pointed  out  that  the 
les  of  the  fatty  series  do  not  exhibit  this  reaction,  and  as  difEer- 
3  of  this  kind  between  aromatic  and  aliphatic  compounds  ofEer 

Y  points  of  interest,  I  have,  at  Professor  Fischer's  request,  tried 
kction  of  sodium  amalgam  on  numerous  other  amides,  and  venture 
to  lay  before  the  Society  a  brief  sketch  of  the  results  so  far 
Ined. 

Y  experiments  show  that  the  amides  of  those  aromatic  acids  in 
h  the  carboxyl-group  is  directly  joined  to  the  benzene-nucleus 
eadily  attacked  by  2^  per  cent,  sodium  amalgam  in  aqid  solution, 
3orresponding  alcohol  being  generally  produced  in  fair  quantity. 
I  orthotoluylamide  yielded,  about  J38  per  cent,  of  orthotolyl 
Lol,  the  rest  of  the  amide  being  converted  into  a  resin,  and  to  the 
it  of  from  7 — 10  per  cent,  into  a  white,  crystalline  substance, 
h  contained  nitrogen  and  melted  between  Ibi'*  and  155^. 
licylamide  gave  42  per  cent,  saligenin  and  a  brown  resin,  whilst 

parahydroxybenzamide  considerable  quantities  of  parahydroxy- 
^1  alcohol  were  obtained. 

some  cases,  from  anisamide  for  example,  analogues  of  benzil 
hydrobenzoin  have  also  been  obtained.  I  have  found,  on  the 
T  hand,  that  the  amides  of  those  aromatic  acids  in  which  the 
3xyl-group  is  situated  in  a  side  chain  cannot  be  reduced  by 
im  amalgam ;  thus  all  attempts  to  reduce  phenylacetamide  have 
entirely  futile,  while  the  amide  of  cinnamic  acid  gives  phenyl- 
ionamide  only. 

irther  experiments  are  now  in  progress,  and  I  hope  shortly  to 
Lsh  a  detailed  account  of  the  whole  research. 

^emisal  Laboratory,  University  of  Wurzburg. 

L.  Lvn.  3  8 
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Lav. — Some  Improved  Vacuum  Joints  and  Taps. 
By  W.  A.  Shenstonk,  Lecturer  on  Chemistry  in  Clifton  College. 

The  apparatns  described  in  this  paper  has  already  been  found  to  be 
helpful,  and  as  it  seems  likely  to  be  of  use  to  chemists  and  physicists,  I 
venture  to  offer  a  description  of  it  to  the  Chemical  Society.  The  idea 
of  such  a  joint  as  the  improved  cup  joint  shown  by  Fig.  1  occurred 
to  me. some  years  ago  in  connection  with  some  experiments  upon  which 
I  was  then  engaged  jointly  with  Mr.  J.  Tudor  Cundall.  I  found,  on 
mentioning  the  matter  to  my  colleague,  that  a  similar  idea  had 
occurred  to  him  also,  and,  indeed,  that  he  had  already  commenced  the 
construction  of  what  I  will  suggest  should  be  called  a  CundaU  cup 
joint.  The  rest  of  the  apparatus  described  in  this  note  has  been 
devised  by  me  recently  for  my  own  use,  or  for  the  use  of  others. 

The  Cundall  Gup  Joint. 

It  often  happens,  after  two  or  more  pieces  of  apparatus  have  been 
connected  by  means  of  a  liquid  joint  of  the  ordinary  pattern,  that  it 
becomes  necessary  to  part  th^m  again.  In  doing  this,  more  or  less  of 
the  liquid  by  which  the  joint  is  sealed  is  almost  inevitably  admitted 
to  the  interior  of  the  apparatus,  where  its  presence  may  be  very 
objectionable.  The  new  joint  prevents  this  entirely,  and  it  can  be 
made  by  any  moderately  good  worker  in  glass.  It  is  so  simple  in 
construction  that  the  diagram  (Fig.  1)  almost  explains  itself.      A 

Fio.  1. 
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tube,  F,  carries  a  cnp,  B,  into  which  it  projects  at  C,  the  end  0 
being  slightly  tapered  and  ground  to  fit  another  tabe,  A,  which  passes 
over  it.  When  the  joint  has  been  sealed,  hj  introducing  anj  suitable 
liquid  into  B  up  to  the  level  dd,  the  joint  can  be  broken  and  remade 
without  any  of  the  liquid  entering  F.  It  is  best,  however,  to  empty 
B  to  the  level  ee,  and  to  cleanse  the  ground  joint  before  its  parts  are 
reunited. 


Joints  capable  of  Withgianding  Pressure  from  within  as  well  as  from 

without. 

Attention  has  lately  been  called  to  the  need  of  joints  able  to  resist 
pressure  from  within  by  Mr.  J.  T.  Bottomley,  F.R.S.,  in  a  paper  "  On 
a  Constant- volume  Air-thermometer "  {Fhil,  Mag.^  26,  149);  and  I 
believe  that  those  described  below  will  be  found  to  be  satisfactory. 
They  are  qnite  easy  to  construct,  and  can  be  made  of  any  glass, 
including  hard  glass,  by  a  fairly  good  glass  worker. 

A  tube,  F,  carries  a  cup.  A,  and  a  narrow  projecting  tube,  de.  The 
latter  is  expanded  and  tapered  at  (2,  as  shown  in  the  diagram  (B*ig.  2). 
An  outer  tube,  B,  is  ground  to  fit  the  projecting  tube  (2e  at  A.     B  is 

Fia.  2. 


expanded  jnst  above  its  mouth,  and  contracted  to  any  convenient  size 
at  G.     Two  small  grooves,  j,  h^  are  cat  into  the  ground  surfaces  of  tha 

3  6  2 
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joint,  one  on  the  paH)jecting  tnbe,  the  other  on  B,  of  such  length 
that  when  they  are  hrought  into  one  straight  line  thej  overlap  and 
give  free  communication  between  the  inside  of  B  and  the  cup  A ;  but 
so  that  when  thej  are  not  in  one  straight  line  no  liquid  can  pass  from 
A  to  B,  or  vice  versd.  To  make  the  joint,  B  is  fitted  to  A,  mercury 
or  any  other  suitable  liquid  is  j)laced  in  the  cup  A,  and  k  and  j  are 
brought  into  one  straight  line ;  the  liquid  in  A  can  then  be  readily 
sucked  into  B,  so  that  it  stands  at  the  levels  a  and  e.  A  or  B  is  then 
slightly  turned,  and  the  joint  is  complete.  If  circumstances  do  not 
permit  of  the  liquid  being  drawn  into  B  by  reduction  of  pres- 
sure, the  cup  A  may  be  made  somewhat  deeper,  in  order  that,  by 
filling  A  above  the  level  e,  mercury  may  be  forced  into  B  by  its  own 
pressure. 

Fig.  3  shows  a  modification  of  this  joint,  in  which  the  liquid, 
employed  to  seal  the  joint  against  internal  pressure,  can  be  introduced 
by  means  of  a  side  tube,  G,  which  is  afterwards  closed  before  the  blow- 
pipe. '  This  form  of  joint  is  useful  when  the  two  parts  may  not  be 
rotated. 

Fie.  8. 


These  joints,  as  will  be  seen,  enable  one,  with  the  help  of  flexible 
spiral  glass  tubes,  to  attach  movable  manometers  to  other  apparatus 
with  a  degree  of  security  against  leakage  such  as  has  hitherto  only 
been  attainable  by  the  use  of  joints  sealed  before  the  blowpipe,  which, 
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;h  not  very  difficult  to  make,' are  of  ten  inoonTei^ient  when  a  series 
perinients  has  to  be  made. 

A  True  Vacuvm  Tap, 

the  safetj  or  vacaum  taps  previously  described,  so  far  as  I  am 
tinted  with  them,  are  open  to  the  very  serious  objection  that  they 
ikelj  to  retain  more  or  less  air  in  the  space  A  (Fig.  4)  under- 

Fia.  4. 


h  the  plug  of  the  tap,  and  that  this  air  will  gradually  leak  into 
apparatus  with  which  the  tap  is  employed.  Experience  shows 
it  is  not  safe  to  avoid  this  by  filling  A  with  mercury  or  any 
r  liquid,  but  I  have  overcome  the  difficulty  by  drilling  the  plug 
he  tap  as  shown  in  Fig.  4,  so  that  the  space  at  A  is  in  free  com- 
ication  with  the  rest  of  the  apparatos. 

8  will  be  seen,  this  improvement  can  easily  be  applied  to  taps 
Bidy  in  stock,  or  even  in  use,  with  very  little  risk  or  expense. 


hXVl.—The  Production  of  Camphor  from  Turpentine, 
By  J.  E.  Marsh,  B.A.,  and  B>.  Stockdale,  B.A. 

I  formation  of  camphor  from  turpentine  has  been  accomplished 
several  chemists,  but,  probably  owing  to  the  smallness  of  the 
d,  the  camphor  so  obtained  has  never  been  very  fully  examined, 
has  its  relationship  to  natural  camphor,  on  the  one  hand,  and 
orpentine  on  the  other,  been  satisfactorily  ascertained, 
n  this  preliminary   note  we  describe  two    methods  by  which 
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camphor  can  be  obtained  from  turpentine  in  fBorlj  large  quantity ; 
and  at  the  same  time  we  give  some  acconnt  of  the  varions  prodncts 
obtained,  which  are  of  interest  in  tracing  the  connection  between 
turpentine,  camphene,  and  camphor. 

Both  processes  depend,  in  the  first  instance,  on  the  prodaction  of 
the  solid  hydrochloride  of  tnrpentine,  the  so-called  "artificial 
camphor." 

In  the  first  process  employed,  this  hydrochloride  is  distilled  over 
moderately  hot  soda-lime,  to  obtain  camphene ;  then,  after  a  partial 
purification,  the  camphene  is  shaken  up  with  a  strong  solution  of 
hydrochloric  acid  to  convert  it  into  camphene  hydrochloride.  This  is 
heated  with  acetate  of  potassium  and  glacial  acetic  acid  to  give 
acetate  of  bomeol ;  and  finally,  the  acetate  of  bomeol,  when  saponified 
with  alcoholic  potash,  yields  homeol. 

The  second  process  employed  is  simple,  and  seems  to  give  a  more 
satisfactory  yield.  The  terpene  hydrochloride  is  heated  with  potas- 
sium acetate  and  glacial  acetic  acid  in  sealed  tubes  .at  about  250**, 
when  it  gives  a  high-boiling  liquid  which,  on  saponification,  yields 
bomeol. 

The  turpentine  employed  was  the  ordinary  dextrorotatory  anstra- 
lene.  It  was  allowed  to  stand  for  some  time  over  dry  carbonate  of 
potash,  and  then  distilled,  when  it  boiled  fairly  constantly  at 
158 — 159^  the  temperature  being  allowed  to  rise  to  163^  at  the  end. 
Its  sp.  gr.  was  found  to  be — 

0-8705  at    9-5^  turpentine 
15'5  water 

Its  rotatory  power  (determined  with  a  Laurent  half -shade  polari- 
meter)  was  found  to  be —  , 

Wd=  +ll-3°at9-5^ 

The  hydrochloride  was  prepared  by  saturating  the  turpentine 
with  gaseous  hydrogen  chloride,  and  crystallising  from  alcohol  the 
solid  product  obtained. 

The  rotatory  power  of  the  hydrochloride  was  determined  in  alcoholic 
solution — 

[a]x>  =  +4•8^• 


*  We  toe  unable  to  oonflnn  the  olMerv«tion  of  Walhush  and  Coiuradj 
(A»nalen,  £62, 156)  or  of  Fetci  (Abetr.,  1889, 168),  that  dextropinene  ehlorhydnto 
IB  inactlTe.  We  have  made  Bereral  determinations,  and  always  found  the  substance 
to  be  dextroTOiatoxy,  but  it  is  not  the  optical  isomer  of  the  chlorhydnte  of  French 
turpentine.  The  names  -I-  and  ~  pinene  are  therefore  hardly  suitable  for  these 
terpenes. 
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Production  of  Oamphene. 

Several  metliodB  for  obtaining  camphene  from  terpene  hydrochloride 
were  tried,  for  example,  distilling  with  soap,  and  heating  with  alcoholic 
potash.  The  most  satisfactory  method  for  obtaining  the  substance 
quickly,  and  in  large  quantity,  was  found  to  be  the  distillation  of  the 
hydrochloride  over  moderaticly  heated  granular  soda-lime.  The 
camphene  so  obtained  boils  at  about  160^,  and  is  a  liquid,  being  kept 
in  solution  evidently  by  small  quantities  of  liquid  impurity.  Indica- 
tion was,  however,  obtained  that  the  camphene  could  be  separated  in 
the  solid  form,  either  by  freezing  or  by  partial  oxidation  with  chromic 
mixture.  But  these  processes  were  not  adopted,  as  being  unnecessary 
for  our  purpose. 

Preparation  of  BomeoL 

The  camphene  was  then  shaken  up  with  fuming  hydrochloric  acid, 
and  the  solid  substance  which  separated  was  collected  on  a  filter, 
pressed,  and  dried.  This  was  heated  with  potassium  acetate  and 
glacial  acetic  acid  at  about  200^  for  three  hours.  On  then  sepa- 
rating and  distilling,  it  gave  some  camphene  and  a  considerable 
quantity  of  a  higher-boiling  liquid,  presumably  the  acetate  of  bomeol, 
which  was  not  specially  purified,  but  at  once  saponified  with  alcoholic 
potaflh. 

The  product  of  saponification,  when  distilled,  yielded  a  solid  of 
high  melting  point  and  camphoroua  odour.  A  portion  was  still 
further  purified,  by  sublimation,  for  analysis.  It  melted  at  about  200^ 
and  gave : — 

Calculated  for 
Found.  OioHigO. 

C 7804  per  cent.  77-92  per  cent. 

H 1216        „  11-68        „ 

The  substance  is,  therefore,  bomeol. 

Bomeol  direct  from  Terpene  Hydrochloride, 

The  second  method  for  obtaining  bomeol  is  much  less  tedious  than 
the  one  just  described  in  that  it  is  not  necessary  to  first  prepare 
camphene.  Wallach  {Annalen^  239, 6)  has  given  a  method  for  prepar- 
ing camphene  by  heating  terpene  hydrochloride,  1  part,  sodium 
acetate,  1  part,  and  glacial  acetic  add,  2  parts,  for  3 — 4  hours,  at  a 
temperature  approaching  200**.  A  slight  modification  of  this  process 
yields  acetate  of  bomeol,  as  well  as,  and  apparently  in  larger  quantity 
than,  camphene. 
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The  mixture  was  heated  in  sealed  tubes  for  3 — 4  hours  at  about 
250**,  each  tube  containiiig  20  grams  of  terpene  hydrochloride,  12  of 
potassium  acetate,  and  10  c.c.  of  glacial  acetic  acid.  When  cold,  the 
contents  of  the  tubes  were  distilled  in  steam,  the  distillate  separated 
from  water,  dried,  and  distilled.  From  the  lower-boiling  portion 
camphene  was  readily  obtained  in  the  solid  state  (b.  p.  154 — 156°), 
whilst  a  considerable  portion  distilled  above  190"*,  condensing  as  a 
liquid.  This  was  saponified  with  alcoholic  potash,  when  bomeol  was 
obtained.  This  crude  bomeol  was  oxidised  by  nitric  acid,  when 
an  inactive  camphoric  acid  was  obtained. 

Professor  WaUach,  in  his  masterly  investigation  of  the  terpenes, 
has  given  some  consideration  to  the  constitution  of  turpentine,  which 
he  calls  pinene,  of  camphene,  and  of  camphor.  He  represents  their 
constitution  by  the  following  formulae : — 

0,H, 
C 
H,0/\0H, 

Ool     JcH, 
C 

CH, 
Camphor. 

Such  formulflB  as  these,  whatever  their  justification,  are  certainly 
open  to  criticism,  both  on  general  and  on  particular  grounds.  In  the 
first  place,  are  the  compounds  which  they  represent  to  be  regarded  as 
hexamethylene-  or  as  double  tetramethylene-derivatives  P  In  the 
latter  case,  why  should  hexagonal  symbols  be  retained?  In  the 
former  case,  have  we  any  evidence  of  cross-linking  between  carbon- 
atoms  in  the  1  :  4-position  P  And  if  we  adduce  anthracene  as  an 
instance,  ought  not  pinene  to  resemble  anthracene,  and  be  capable  of 
yielding  a  quinone  on  oxidation  P  Consider  further  the  remarkable 
rearrangement  of  nuclei  in  passing  from  pinene  to  camphene,  as 
expressed  by  the  symbols.  Have  we  any  analogy  for  such  a  change  ? 
It  is,  for  example,  as  if  quinoline,  by  a  simple  reaction,  could  yield 
isoquinoliue,  or  as  if  a  homonucleal  substituted  naphthalene  could 
yield  a  heteronucleal,  and  vice  versd.  Then^  again,  the  more  obvious 
characters  of  camphoric  acid  are  inconsistent  with  Wallach's  camphor 
formula. 

But,  perhaps,  the  strongest  argument  against  these  formulsa  is 
derived  from  the  application  to  them  of  the  hypothesis  of  the  asym- 
metric carbon-atom.  Professor  Wallach  accepts,  in  general,  that  the 
rotatory  power  of  a  body  is  conditioned  by  the  presence  of  an  asym- 
metric carbon-atom,  but  he  is  scarcely  consistent  in  following  out  the 


0,H, 

( 

1 

r 

HC<^^OH 

ho/ 

\CH, 

HtO>.  Nch' 

Hol^ 

JoH, 

OH 
OH, 

Pinene. 

i 

0am 

6 

in. 

phene. 
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consequences  of  the  theory.  One  of  these  consequences  is,  that  any 
exchange  of  groups  or  linkages  -about  an  asymmetric  carbon-atom 
must  lead  to  the  production  of  an  inactive  body,  as  far  as  concerns 
the  rotatory  power  due  to  that  carbon-atom.  For  since  there  is  an 
equal  chance  for  the  formation  of  both  optically  opposite  isomers, 
they  will  both  be  found  in  equal  quantity. 

On  the  other  hand,  simple  substitution,  or  the  alteration  of  groups 
by  oxidation,  <&c.,  will  not  necessarily  affect  the  optical  isomerism. 

Camphor  then  and  camphoric  acid  obtained  trom  an  active  pinene, 
which  has  been  found  to  yield  an  active  camphene,  should  be  them- 
selves active.  We  find,  however,  that  camphoric  acid  obtained  from 
active  pinene  is  inactive.  Moreover,  if  camphene  and  camphor  are 
to  be  regarded,  according  to  WaUach's  formulsB,  simply  as  un- 
saturated hexamethylene-derivatives,  then  they  are  in  no  case  capable 
of  rotatory  power,  for  the  formules  do  not  possess  a  non-superposable 
image. 

Without  in  any  way  presuming  to  detract  from  the  high  merit  of 
Professor  WaUach's  experimental  work,  we  venture  to  submit  that 
his  f ormulsB  for  pinene,  camphene,  and  camphor  are  inconsistent  with 
the  properties  and  reactions  of  those  compounds,  and  without  analogy 
in  organic  chemistry. 

University  Ldbora  tory,  Oxford. 


LXVII. — ^'Desylphenol. 

By  Francis  R.  Japp,  F.R.S.,  and  G.  H.  Wadsworth,  Associate  of  the 
Normal  School  of  Science. 

100  grams  of  benzoin  and  150  grams  of  phenol  were  melted  together, 
cooled,  and  gradually  poured,  while  still  liquid,  into  1500  grams  of 
concentrated  sulphuric  acid,  stirring  all  the  time.  The  temperature 
rose,  and  the  solution  assumed  a  dark  reddish-brown  colour.  After 
standing  over  night,  the  mixture  was  poured,  in  a  thin  stream,  into 
four  times  its  bulk  of  cold  water.  A  white  substance,  which  proved 
to  be  a  sulphonic  acid,  separated ;  part  of  this  went  into  solution  in 
the  warm  liquid,  but  was  deposited  on  cooling,  and  the  whole  pre- 
cipitate was  thus  obtained  in  a  crystalline  form,  in  which  it  could  be 
readily  filtered  off. 

In  the  first  experiments  which  we  made,  the  sulphuric  acid  was 
carefully  cooled  during  the  addition  of  the  benzoin  and  phenol,  and 
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the  mixture  was  afterwards  poured  upon  ponnded  ioe.  This  pro- 
cedure, however,  offers  no  advantages  over  the  foregoing. 

The  white  sulphonic  acid  was  separated  bj  filtration,  freeing  it  as 
far  as  possible  from  adhering  sulphuric  acid  bj  means  of  the  filter- 
pump,  but  not  washing  it,  as  it  is  far  more  soluble  in  pure  water 
than  in  dilate  sulphuric  acid.  It  was  then  made  into  a  thick  cream 
with  strong  hydrochloric  acid,  and  heated  in  sealed  tubes  at  150^  during 
from  three  to  four  hours.  The  hydroljsed  compound  separated  as  a 
dark-coloured,  amorphous  mass  in  the  tubes.  It  was  boiled  with  a 
solution  of  sodium  carbonate,  in  which  it  first  fused  and  afterwards 
solidified  ;  then  it  was  washed  with  water,  dried,  and  dissolved  in  hot 
benzene.  From  this  solution  it  was  deposited,  on  long  standing,  in 
thick,  ciystalline  cmsts  consisting  of  hard,  warty  aggregations  of 
needles,  containing  benzene  of  crystallisation  (vide  infra).  It  was 
recrystallised  twice  from  benzene,  and  finally,  for  analysis,  from  light 
petroleum,  from  which  it  separates  in  minute,  colourless  laminie 
melting  constantly  at  ISS"",  It  crystallises  from  dilute  alcohol  in 
large,  very  thin  plates.  It  is  readily  soluble  in  caustic  alkalis,  and  is 
precipitated  from  the  solution  by  carbon  dioxide,  showing  that  it 
contains  a  phenolic  hydroxyl-group.  Under  a  pressure  of  45  mm.,  it 
boils  without  decomposition  at  309 — 314". 

Analysis  agreed  with  the  formula  CaoHi602 : — 

Substance.  CO9.  H|0. 

I 0-2342        07149        01142 

II 01939        0-5906        00987 

Calculated  for                             Fonnd. 
CjqHuOj.  /■  ^ \ 

/ • .  I.  n. 

C„ 240        83-33  8324  8304 

Hi. 16  5-66  5-41  565 

O, 32        11-11  —  — 

288      100-00 

Dr.   EHingemann  had  the  kindness  to  determine  the  molecular 

weight  of  the  compound  by  Baoult's  method,  using  acetic  acid  as  a 

solvent: — 

Mol.wt. 
/  ^  \ 

WtrobBt.  xlOO  '^  CWc.  for 

Wt.  Bubst.     Wt.  boIt.  Wt.  boIt.        '    DepresBion.       Found.    G»Hm(V 

0-3525       19-943  1768  022^  333         288 

(Molecular  depresaion  of  acetic  acid  «  89.) 
The  crystals  deposited  from  benzene  have  the  formula  OieH]fOi»GiH|. 
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It  is  difficalt  to  air-dry  tbem  without  efflorescence ;  hence  only  20  per 
cent,  of  benzene  was  found,  instead  of  the  calculated  21*3  per  cent. 

In  order  to  ascertain  the  composition  of  the  snlphonic  acid  which 
is  first  formed,  the  calcium  salt  was  prepared  and  analysed.  For 
this  purpose,  the  sulphonic  acid,  after  filtering  it  from  the  dilute 
sulphuric  acid  as  already  described,  was  dissolved  in  hot  sodium 
carbonate,  from  which  solution  a  sparingly  soluble  sodium  salt  sepa- 
rated on  cooling ;  this  was  purified  by  reorystallisation  from  boiling 
alcohol,  which  deposited  it  in  tufts  of  lustrous,  yellowish,  flat  needles 
or  laminsB.  In  order  to  convert  it  into  the  calcium  salt,  it  was 
dissolved  in  hot  water,  and  the  solution  precpitated  with  calcium 
chloride.  The  calcium  salt  was  washed  with  cold  water,  air-dried, 
and  analysed.  It  is  a  crystalline,  yellow  powder,  which  dissolves 
sparingly  in  boiling  water,  and  is  re-deposited  on  cooling. 

0*3870  gram,  on  heating  at  140*',  lost  0*0554  gram  HjO,  and  the 
resulting  0*3316  gram  anhydrous  salt,  on  ignition  with  sul- 
phuric acid,  gave  0*0582  gram  CaS04. 

Calculated  for 
(OjM^iBOs-SOa)sCa,7H,0.  Found. 

HaO  in  100  parts 1400  14*31 

Oalculated  for 
(OsoHitO,-SOs)sCa.  Found. 

Ca  in  100  parts 5-16  5*15 

The  compound  CaoHieOi  is  formed  from  benzoin  and  phenol  accord- 
ing to  the  equation 

CiiHwOa  -h  CiHfl-OH  =  C»HieOa  -h  HaO, 

the  product  being  further  converted  into  a  sulphonic  acid  in  the 
process. 

A  study  of  the  reactions  of  the  compound  GaoHjeOa  has  led  us  to 
assign  to  it  the  constitution 

C.H5-CH-C.H4-OH  (1,  4) 
CAOO 

Adopting  the  convenient  name  "  desyl "  which  Victor  Meyer  has 

CsHb-CH— 
proposed  for    the    radicle  ■         ,  such  a  compound  might  be 

termed  p-desylphenol. 

The  elimination  of  water  occurs  between  the  hydroxyl-group  of  the 
benzoin  and  the  para-hydrogen-atom  of  the  phenol,  and  the  condensa- 
tion thus  resembles  those  of  fatty  alcohols  with  phenol  described 
by  Liebmann  (Ber.,  14,  1842),  in  which,  however,  zinc  chloride  was 


Digitized  by  VjOOQiC 


^68  JAPP  AND  WADSWORTH:  ;?-DBSYLPHENOL. 

ased  as  a  deliydratiiig  agent.  We,  therefore,  tried  to  condense 
benzoin  and  phenol  with  zinc  chloride,  so  as  to  avoid  the  formation  of 
the  snlphonic  acid,  bnt  withont  snccess. 

Action  of  Acetic  Anhydride. — j:>-De87lphenol  was  heated  in  a  sealed 
tube  with  acetic  anhydride  for  three  hoars  at  150*^ ;  the  excess  of  the 
anhjdrlde  was  distilled  off  on  the  water-bath  under  reduced  pressure, 
and  the  last  traces  destroyed  by  evaporation  with  alcohol.  The 
product  was  twice  recrystallised  from  light  petroleum  (b.  p.  90 — 120'), 
from  which  it  was  deposited  in  slender,  white  needles  melting  at 
106 — 107°.  From  alcohol,  it  crystallises  in  well-developed,  oblique 
prisms.  Under  a  pressure  of  about  40  mm.,  it  distils  without  decom- 
position between  325°  and  830"*.  Analysis  showed  that  a  monaoetyl- 
derivative  had  been  formed : — 

Substance.  CO,.  "Bfi. 

1 0-2008        0'6894.        0-0991 

II 0-1640        0-4604        0-0766 

Calculated  for  Found. 

C« 264        80-00  80-04      79-76 

Hw 18  5-46  6-48        6-62 

0, 48        14-56  —  — 

330      100-00 

AcetyUp'desylphenol  has  the  formula 

C.H5-CH-C.H4-0-C,H,0  (1,  4) 
C.H5-C0 

By  heating  2>-desylphenol  with  acetic  anhydride  for  three  hours  at 
200°,  a  diacetyl'deTiy&iiYe  is  obtained.  The  compound  was  purified 
by  recrystallisation  from  benzene,  from  which  it  is  deposited  in 
hemispherical  aggregates  of  small,  colourless  needles  melting  con- 
stantly at  186--^87^ 

Substance.  CO,.  H,0. 

1 0-2043     0-6793     01024 

II 0-2048     0-6811     0-1047 

Calculated  for   •                            Found. 
CMH90O4.  f * \ 

/ * V  I.  n. 

C,4  288     77-41       77-33    77'38 

H„ 20      6-37       6-66    568 

O4 64     17-22        —     — 


372    100-00 
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3  f ormAtion  of  a  diacetjl-derivative  can  be  accounted  fur  on  the 
iption  that  at  the  high  temperatare  of  the  reaction  the  group 
O  of  the  p-desylphenol  passes  into  the  tantomeric  tertiary  form 
)H),  which  is  then  acetylated.  The  compound  would  thus  have 
vrmultk 

CeHaCCeHi-OCaHaO 

C6H5C-OC2H,0 

th  the  monacetyl-  and  the  diacetyl-derivativey  when  boiled  with 
ic  potash,  regenerate  j^-desylphenol. 

JegylanisoU.  —  In  methjlating  p-desjlphenol,  we  employed  a 
od  introduced  by  Japp  and  Klingemann  (Trans.,  1888,  526)  in 
lethylation  of  pyruvaldehydrazone.  This  method,  which  ensures 
lete  alkylation,  has  since  been  used  with  good  results  by  Victor 
)r,  Beckmann,  and  others. 

B  desylphenol  was  dissolved  in  methyl  alcohol  with  4  molecular 
3rtions  of  methyl  iodide,  and  into  this  mixture,  which  was  kept 
ig  in  a  flask  fitted  with  a  reflux  condenser,  a  solution  of  four 
ic  proportions  of  sodium  in  methyl  alcohol  was  gradually 
fed  to  drop,  so  that  the  operation  lasted  about  four  hours.  The 
ber  part  of  the  alcohol  was  then  distilled  off,  caustic  soda  was 
d,  so  as  to  keep  in  solution  any  unchanged  substance,  if  present, 
the  new  compound  was  precipitated  with  water.  The  filtered 
line  solution  gave  no  turbidity  with  hydrochloric  acid,  showing 
the  alkylation  had  been  complete.  The  substance  was  distilled 
)r  reduced  pressure,  passing  oyer  between  292°  and  298^  under 
im.  pressure.  It  was  •finally  recrystallised  three  times  from  light 
oleum,  and  formed  colourless  aggregates  of  flat  needles  melting 
) — 92**.  It  is  insoloble  in  caustic  alkalis,  showing  that  the  methyl 
replaced  hydrogen  of  the  phenolic  hydroxyl.  Analysis  led  to  the 
lula  CiHwOj  :— 

SubBtance.  OOj.  HsO. 

1 0-2141  0-6538  01158 

II 0-2181  0-6663  01174 

Caleolsted  for                             Found. 
CjiHisOj.  , ^ ^ 

/ ' ^  I.  n. 

C21 252    83-44  83*28  83-32 

H,8 18    5-96       6-00    598 

0, 32   10-60       —     — 

302   10000 
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The  •compound  is,  therefore,  p-desylanisoU, 

CeH5-(j3H-O.H4-0-CH,  (I,  4) 
CJECCO 

The  foregoing  method  of  alkylation  was  adopted  in  view  of  the 
possibility  that  the  hydrogen-atom  of  the  CH-group  might  also  be 
replaced  bj  methyl.  That  no  such  reaction  occurred  is  in  keeping 
with  the  observation  made  by  Victor  Meyer  and  Oelkers  (Ber.^  21, 
1300)  that  only  one  hydrogen-atom  of  the  methylene-gronp  in  deoxy- 
benzoin  can  be  replaced  by  alkyl.  In  the  present  case,  this  fii^t 
hydrogen-atom  is  already  replaced  by  the  gronp  — C«H4'0*CH«  ;  the 
second  does  not  react. 

Beduction  with  Sodium  and  Amyl  Alcohol. — 10  grams  of  |>-de8yl- 
phenol  were  dissolved  in  excess  of  amyl  alcohol,  and  6*5  grams  of 
metallic  sodium  wei-e  gradually  added  to  the  boiling  liquid.  The 
amyl  alcoholic  solution  was  shaken  with  dilute  hydrochloric  acid, 
washed  with  water,  and  distilled  down  to  a  small  bulk,  finally  remov- 
ing the  remainder  of  the  amyl  alcohol  on  the  water-bath  under 
reduced  pressure.  The  product  was  recrystallised  from  benzene, 
which  deposited  it  in  tufts  of  slender,  colourless  needles  melting 
constantly  at  161 — 162"*.  It  is  soluble  in  caustic  alkalis.  Analysis 
led  to  the  formula  OaoHi802  : — 

Substance.  CO}.  HsO. 

I 0-2025  0-6133  01124 

n 0-2220  0-6725  01256 

Calculated  for                            Found. 
C»HigO,.  r ' 

C»   240        8275  82-59        82*61 

HiB 18  6-20  616  6-28 

O, 32        1105  —  — 

290      10000 

The  compound  has  the  constitution 

C.H5.CHC.H4-OH  (1,  4) 
CeHa-CH-OH 

and  may  be  termed  hyd/rodesyl^henol. 

When  it  is  heated  with  excess  of  acetic  anhydride  for  three  hours  at 
150%  it  yields  a  diacetyl-derivative.  This  compound  was  purified  by 
reciystallisation  from  a  mixture  of  benzene  and  light  petroleum.  It 
forms  groups  of  needles  melting  at  156 — 157^.  Analysis  gave  figures 
agreeing  with  the  formula  GtiHaOi : — 
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Substance.  OOt.  H^O. 

I 0-2045  0-6767  0-1080 

II 0-2008  0:6659  01027 

Calculated  for  Found. 

^u^vPa'  ( * > 

I ^  I.                11. 

Cm 288        7700  76-91        76-85 

H» 22          6-88  6-85          568 

O4 64        17-12  —            — 

374      10000 

It  has  the  constitation 

C.H5-CH-C.H4-OC,HaO  (1,  4) 
CJE[»-CH-OC,H,0 

Beduction  with  Hydriodic  Acid. — ;p-Desylphenol  was  heated  with 
fuming  hydriodic  acid  and  amorphous  phosphorus  for  four  hours  at 
130°,  after  which  the  contents  of  the  tube  were  poured  into  water, 
extracted  with  ether,  and  the  ethereal  solution  decolorised  with  sul- 
phurous acid.  The  ethereal  solution  was  shaken  with  caustic  soda,  to 
remoye  any  phenolic  compound.  On  acidifying  this  alkaline  solution 
and  distilling  with  steam,  ordinary  phenol  passed  over,  which  was 
identified  by  the  precipitate  with  bromine-water,  and  the  violet  color- 
ation with  ferric  chloride. 

On  evaporatmg  the  ethereal  solution,  thus  freed  from  phenol,  an 
oil  was  left,  which  smelt  like  dibenzyl,  and,  after  distillation  under 
reduced  pressure,  solidified.  The  crystalline  mass  was  dissolved  in 
alcohol,  but  as  nothing  separated  over  night,  a  minute  crystal  of 
dibenzyl  was  added,  when  the  substance  was  at  once  deposited  in 
large  laminie,  which,  after  recrystallisation  from  alcohol,  melted  at 
62 — 53**  (m.  p.  of  dibenzyl  61-6— 52'5**),  and  gave  on  analysis  figures 
agreeing  with  those  required  for  dibenzyl.  Calculated  for  CmHh  : 
C  92-30,  H  7-69.    Found  :  C  92-10,  H  780  per  cent. 

The  reduction  with  hydriodic  acid,  therefore,  takes  place  according 

to  the  equation 

CeHa-CH-CA-OH        ^„       CeHfi-CH,       ^  „  ^„      „  ^ 
C.H..60  +  «=  =  C.H..6H.  +  ^"^-^^  -^  ^°- 

The  ease  with  which  this  reaction,  which,  according  to  this  equa- 
tion, involves  a  separation  of  carbon  from  carbon,  occurs  at  the  rela- 
tively low  temperature  of  ISO*"  led  us  at  first  to  doubt  whether  the 
desyl-group  really  was  attached  to  the  nucleus  of  the  phenol.  The 
result  of  the  fusion  with  potash,  however,  decides  this  question  in  the 
aflGb^matiye. 

Fuiion  with  Oaustio  Potaah.—p-Besjlphenol  was  fused  with  10  parts 
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of  canstic  potaeli  mixed  with  1  parfc  of  water,  and  kept  at  a  tempera- 
ture of  200 — 210®.  At  first  the  fused  potassium  salt  of  j^-desylphenol 
floated  as  a  yellow  liquid  on  the  surface  of  the  potash ;  but  bj  con- 
tinually stirring  it,  it  was  converted  into  a  pulverulent,  grey  salt, 
which  was  disseminated  throughout  the  mass.  At  this  point  the 
reaction  is  complete.  The  melt  was  dissolved  in  water,  nearly  neu- 
tralised with  hydrochloric  acid,  and  carbon  dioxide  passed  in  to  pre- 
cipitate phenols.  After  separating  the  precipitate  by  filtration,  hydro- 
chloric acid  was  added  to  the  filtrate,  which  was  then  extracted  with 
ether.  On  distilling  off  the  ether,  a  large  quantity  of  benzoic  acid 
was  obtained. 

The  precipitate  formed  with  carbon  dioxide  was  recrystallised  from 
alcohol,  and  afterwards  from  a  mixture  of  benzene  and  petroleum, 
from  which  it  was  deposited  in  groups  of  large,  flat,  obliquely  trun- 
cated needles  melting  constantly  at  84 — 85"*.  Analysis  agreed  with 
the  formula  dsHuO. 

0-2010  gram  gave  06252  00,  and  01178  HjO. 

Calculated  for 
C«H„0. 


r     '     ■' 

-' > 

JToiind. 

c„ 

166 

84-78 

84-83 

H„ 

12 

6-62 

6-51 

0 

16 

184 

870 

— 

10000 

The  compound  is  identical  with  j7-benzylpheno1,  the  melting  point 
of  which  is  given  at  S4P  (Patem6,  Rennie).  Its  formation  from 
j9-desylphenol  may  be  expressed  as  follows : — 

_CeH5-CH-C,H40H_  H      ^  CH^-CHj-CeH^-OH 
C.H5-C0         OH  "■  CH^COOH 

This  reaction  proves  conclusively  that  the  desyl-group  is  attached 
to  the  nucleus  of  the  phenol,  and  it  may  also  be  taken  as  showing,  so 
far  as  the  evidence  afforded  by  a  potash  fusion  can  be  admitted,  that 
desylphenol  is  a  para-derivative. 

The  decomposition  of  j7-de8ylphenol  into  benzylphenol  and  benzoic 
acid  appears  also  to  take  place  slowly  with  strong  aqueous  caustic 
potash  at  lOO"".' 

If  a  higher  temperature  is  employed  in  the  foregoing  fusion,  the 
p-benzylphenol  is  in  turn  bix>ken  up,  and  a  mixture  of  p-hydroxy- 
benzoic  acid  and  benzoic  acid  is  obtained.  The  ^-hydroxybeuzoic 
acid,  after  separating  it  from  the  benzoic  acid,  was  identified  by  its 
melting  point,  and  by  the  reaction  with  bromine-water.  The  yield 
was  good,  so  that  the  acid  could  not  have  been  formed  by  the  oxida- 
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f  benzoic  acid,  as  in  Barth*8  experiment  on  the  fosion  of  benzoic 
?ith  caustic  potash  (^Annalen^  164,  141). 

the  foregoing  reactions  are  in  harmony  with  ^e  constitation  of 
impound  as  p-desjlphenol. 

have  failed,  however,  to  obtain  direct  proof  of  the  presence  of  a 
ic  carbonyl-grpnp,  as  the  snbstanoe  does  not  react  either  with 
Ihydrazine  or  with  hjdroxjlamine,  although  it  was  treated  with 
reagents  under  a  variety  of  the  most  favourable  conditions, 
light  be  concluded  from  this  that  the  compound  does  not  contain 
K)nyl-group,  arid  exists  only  in  the  tertiary  or  hydroxy  Ho  form 

it  exhibits  in  its  diacetyl-derivative.  The  high  temperature, 
er,  required  for  the  introduction  of  the  second  acetyl-gror^ 
;  against  this  view.  The  inability  to  react  with  phenylhydrazine 
rdroxylamine  is  rather,  we  think,  to  be  explained  by  the  observd.- 

V.  Meyer  and  Oelkers  (Ber.,  21, 1299),  that  the  difficulty  with 
the  monalkyl-deoxybenzoins  form  hydroximes  increases  with 
(lecular  weight ';  thus  benzyl-deoxybenzoin  only  yielded  a  hydr- 
when  heated  with  hydroxylamine  hydrochloride  at  160 — 160°, 
ment  by  which  our  compound  is  totally  resinised. 
or  Meyer  has  shown  (jBer.,  21,  1293)  that  methy Id eoxy benzoin 
with  nitrous  acid,  eliminating  benzoic  acid,  and  yielding  acetc- 
loxime.  Following  this  analogy,  we  treated  p-desylphenol  with 
acid,  hoping  to  obtain  p-hydroxybemeophenonoxime  and  beuzoic 
ut  no  action  could  be  observed. 

ation  experiments  gave  inconclusive  results.  With  alkaline  per- 
late,  only  benzoic  acid  was  obtained,  whilst  chromium  trioxide 
c  acid  solution  converted  the  oompoand  into  a  reddish-brown, 
aJlisable  substance. 

ilso  examined  the  action  of  concentrated  sulphuric  acid  on 
«  of  benzoin  with  various  other  phenols :  thus,  with  thymol, 
hoi,  resorcinol,  and  quinol.  In  every  case  there  appeared  to 
«tion,  manifested  by  an  intense  coloration  which  neither  the 

nor  the  phenol  alone  yielded  with  sulphuric  acid ;  but '  the 
s  of  the  reactions  were  uncrystallisable  resins,  which  were  not 
examined.  / 

bregoixig  investigation  was  commenced  by  one  of  us  in  con- 
.  with  Mr.  F.  B.  Guthrie,  to  whom  are  doe  the  preparation  of 
henol  itself  and  its  monacetylrderivative,  and  the  establishing 
composition  of  these  compoui^ds.  Mr.  0-uthrie's  departure 
a  country  to  fill  a  post  in  the  Colonies  prevented  him  from 
ngf  the  work. 

College  of  Science,  London. 
VII.  3  T 
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LXVIII. — Paraocylenesulphonic  Acids. 

By  Gbbild  T.  Moody,  D.Sc,  Demonstrator  in  the  Chemical  Depart- 
ment, City  and  Gnilds  of  London  Institute,  Central  Institution, 
and  T.  G.  Nicholson. 

Th£  paraxjlene  used  in  the  preparation  of  the  compounds  descrihed 
in  this  paper  was  ohtained  in  part  from  Eahlbaum's  crude  xylene, 
and  in  part  from  paraxylene  supplied  by  the  same  firm.  The  purity 
of  each  specimen  was  determined  by  introducing  some  of  it  into  a 
small  tube  surrounded  by  a  mixture  of  ice  and  salt.  If  it  seemed 
desirable,  the  bulk  of  the  hydrocarbon  was  frozen  and  carefully  freed 
from  any  adhering  liquid  by  pressure  on  a  well*oooled  filter  pump. 
Eveiy  sample  used  melted  constantly  at  15^. 

Bihromoparaxylene^  1:2:4:  5.CeH8(CH«)36rs. 

This  compound  has  been  described  by  Jannasch  (Ber.,  18,  358)  and 
0.  Jacobsen.  To  prepare  it,  90  grams  of  paraxylene  were  placed  in 
an  80-ounce  flask  together  with  a  litUe  iodine,  and  270  grams 
of  bromine  slowly  added  from  a  separating  funnel,  the  operation 
taking  12  hours.  By  this  means  undue  heating  was  avoided  and  the 
hydrogen  bromide  wa«  evolved  in  a  gentle  and  regular  stream. 
After  the  addition  of  the  bromine,  the  contents  of  the  flask  were 
allowed  to  remain  for  24  hours,  and  the  solid,  red-coloured  mass  was 
then  shaken,  first  with  a  warm  solution  of  potash  to  remove  ti&e 
iodine  and  excess  of  bromine,  and  then  repeatedly  with  warm  and 
cold  water.  The  product  was  quite  solid  at  ordinary  temperatures, 
and  of  a  pale- yellow  colour.  On  being  pressed  on  the  filter  pump, 
scarcely  any  oil  was  obtained,  and  the  solid,  after  one  crystallisation 
from  alcohol,  melted  constantly  at  74°.  An  analysis  gave  the  follow- 
ing result  : — 

0'204  gram  gave  0-286  gram  silver  bromide  and  0*003  gram  silver. 

Calculated  for 

€5Hs(CH,)^r^  Found. 

Br 60-60  per  cent,  6029  per  cent. 

The  substance,  however,  does  not  agree  in  crystalline  form  with 
the  description  given  by  Jacobsen,  who  states  that  it  crystallises 
from  alcohol  in  the  form  of  thin  plates,  and  that  these,  on  remain- 
ing in   the   mother  liquor   for   a  week,  change   to  crystals  which 
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ft 

appear  to  be  regular  octahedra,  but  in  realitj  belong  to  the  triclinic 
system.  We  coald  find  no  indication  of  this  change  in  the  fomi 
of  the  crystals,  even  when  they  were  allowed  to  remain  in  the  mother 
liquor  for  some  weeks.  On  allowing  a  drop  of  the  alcoholic  solution 
to  evaporate  on  a  slide,  long,  needle-shaped  prisms  were  obtained ; 
on  rapidly  cooling  the  solution,  flat,  short  prisms  were  formed;  and, 
on  allowing  the  solution  to  evaporate  slowly,  long,  yellowish,  trans- 
parent prisms  were  obtained,  and  these  furnished  the  following 
crystallographic  characters : — 

Crystalline  system.     Monosymmetric — 

a:h:c^  0-8049  :  1  :  06208; 

/J  =  4r  26'. 

Fia.  1. 


Forms  observed — 

w={llO}. 
c  ={001}. 
P  ={111}. 

Obserred.  Calculated. 

mm 110  :  lIO  eV  19'  — 

mc 110:001  54    25  — 

cp 001  :  111  56    44  — 

mp 110:111  68    48  68^51' 

The  crystals  are  often  terminated  at  one  end  by  the  face  c,  and 
at  the  other  by  a  face  of  the  form  p. 

The  optic  axes  lie  in  the  plane  of  symmetry  010;  through  the 
faces  m,  the  direction  of  extinction  makes  an  angle  of  37^  with  the 
'xlge  mm. 

There  is  a  strong  dispersion. 
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SnlphonaMon  of  DibromoparcuDylene, 

On  sul^stitntvog  metbylfor  brpmine  in  dibromoparaxylene,  Jannascli 
obtained  dnrene ;  co^equently  tbe  former  bfis  tbe  constitation 

OH, 
Br  '^ 


and  canj  tberefore,  famkb  only  one  monosnlpbonic  acid.  40  grains 
of  tbe  compoand  were  introduced  into  a  dry  flask  wiib  100  grants  of 
20  per  cent.  SO3  anbydrosnlpbnric  acid,  and  tbe  mixtnre  was  beated 
at  80*  in  a  water-batb.  The  bromine  componnd  readily  dissolyes, 
and  no  cbarring  takes  place  so  long  as  tbe  temperature  does  not  rise 
above  86**.  On  cooling,  tbe  product  became  solid,  but  readily  dis- 
solved on  treatment  witb  water;  tbe  solution,  on  concentration, 
yielding  a  considerable  crop  of  foliaceoos  crystals,  and  a  fortber 
quantity  of  tbese  was  obtained  on  evaporation  of  tbe  mother  liquor. 
On  recrystallisation  from  water,  a  mass  of  beautiful,  silky  needles 
which  melt  witb  decomposition  at  151^  was  formed. 

Dibromoparazylenesulphonic  acid  differs  from  its  isomeride,  di- 
bromometaxylenesulpbonic  acid  [Me,:  SOsHrBr,  =  1:3:2:4:6], 
in  respect  to  its  stability  and  power  to  resist  hydrolysis ;  for  a  solu- 
tion of  the  acid  containing  free  sulphuric  acid  may  be  evaporated 
without  regeneration  of  dibromoparazylene.  Under  similar  circum- 
stances, the  metaxylenesulphonic  acid  is  rapidly  hydrolysed. 

Bwrium  Dihromoparaxylenesulphonatey  [CeH(CH3)»Br,*S0j]iBa. 

This  salt  is  obtained  from  the  sulphonic  acid  by  neutralising  it 
with  a  sludge  of  barium  carbonate  and  exhausting  with  boiling  water. 
It  crystallises  from  the  hot  aqueous  solution  in  very  thin,  gleaming 
scales  or  flat  needles,  and  is  only  very  sparingly  soluble  in  water. 
The  salt  is  anhydrous,  as  shown  by  tbe  following  analyses  : — 

L  O'lSSO  gram  of  the  air-dried  salt  did  not  lose  in  weight  on 
heatii^  for  four  hours  at  ISO"* ;  at  ^  higher  tempei^ature,  it 
carbonised;  and  gave  0*0555  gram  of  barium  sulpl^ate. 
II.  0*2935  gram  did  not  lose  in  weight  on  h^ing  for  three  hoars 
at  140** ;  the  crystals  maintained  their  shape ;  fnd  gave  0082 
gram  of  barium  sulphate. 

CaJcvkted  for 
[CeH(CU^,Br,-803],Ba.  Found. 

I 16-64  per  cent.  17*34  per  cent 

II -  o  16-42        „ 
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Sodium  DihromoparaxyJenesfdphonate,  CeH(CHs)8Br,*S03TTa  -f-  H2O. 

TliiB  salt,  prepai^d  from  the  above-^esmbed '  barimn  saU,  or  pre- 
cipitated from  a  solation  of  the  aalphouhs  acid'  by  sodium  carbonite, 
appears  to  be  amorphotu,  bnireallj  crystallities  in  microscopic  needles. 
It  is  onlj  very  slightly  soluble  in  cold  water,  bat  dissolves  more  readily 
in  hot  water. 

I.  0*5375'  gram  of  the  air-diied  salt  lost  0'0280  gi«m  on  heating 
for  two  hoars  at  180". 
II.  0'2725  gram  gave  0^048  grain  sodiosm  solphate. 

Cdlcttlated  for 

C»H(OHa)sBr^^a;  Eound. 

Water 468  p^  cent,  (I)  6'21  per  cent. 

Sodium 5-99        „  (II)  C'^       ^ 

IHhrdmf^Mtrb^eyhneiulphotiic  Chlondey  C6H(CH3)jBr2'S03CL 

This  compound  was  obtained  by  treating  the  dried  sodium  salt 
with  phosphorus  pentachloride.  It  is  very  soluble  in  benzene,  from 
which  it  crystallises  badly,  and  on  spontaneous  evaporation  of  a  solu- 
tion in  light  petroleum  forms  stellate  groups  of  flat  needles  which 
melt  at  78 — 79°.  It  crystallises  best  from  alcohol  and  from  acetic 
acid  in  the  form  of  flat  needles  without  terminations,  having  a  pair  of 
faces  showing  straight  extinction.  These  faces  are  perpendicnli^r  to 
a  bisectrix,  and  the  optic  axial  plane  is  perpendicular  to  the  length  of 
the  needles,  the  axial  angle  being  very  large.  No  measurements  are 
possible. 

0'205  gram,  on  burning  with  lime,  gave  0*293  gram  oi  silver  haloid 
compound. 

Caleolatad  foy  Percentage  of  silrer 

CeH(CH,)2Br,-S(\Cl.     haloid  compound  found. 

AgCl :  2AgBr  . . .  •     143-30  143-43 

JDibromoparaxylenesulphonamidey  C6H(CH3)2Bra"S08NH2. 

This  compound  was  most  conveniently  prepared  by  adding  aqueous 
ammonia  to  a  solution  of  the  sulphonic  chloride  in  dilute  alcohol,  and 
warming  the  mixture.  On  cooling,  the  sulphonamide  separates  in 
thin,  pearly  plates,  almost  insoluble  in  absolute  alcohol  and  in  water, 
and  which  melt  at  198°.  When  a  solution  in  acetic  acid  is  allowed  to 
evaporate  spontaneously,  the  substance  crystallises  in  thin,  colourless, 
rhombic-shaped  plates,  with  a  plane  angle  of  about  60°,  and  having 
their  edges  modified.  The  habit  closely  resembles  that  of  selenite. 
The  extinction  is  perpendicular  to  one  edge,  and  the  plates  appear  to 
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be  perpendicular  to  a  bisectrix,  the  axial  plane  being  perpendicular  to 
the  same  edge.  The  cleavage  is  perfect,  parallel  to  the  surface  of 
the  plates ;  there  is  also  an  imperfect  cleavage  at  right  angles  to  this 
and  inclined  at  aboiat  24°  to  the  axial  plaiie,  so  that  it  nearly  bisects 
the  obtuse  angle  of    the  rhomb.     No  othw  measurements  were 


Baduction  of  Sodium  Dibromoparaxylenesulphonate. 

In  order,  if  possible,  to  isolate  a  monobromoparaxylenesnlphonic 
acid,  two  lots  of  sodium  dibromoparaxylenesulphonate,  each  weighing 
about  10  grams,  were  separately  dissolved  in  a  large  quantity  of  water 
and  treated-  with  1  per  cent,  sodinm  amalgam,  in  quantity  slightly  in 
excess  of  that  required  to  r^nove  1  atom  of  bi*omine.  The  amalgam 
was  added  in  small  quantities  at  a  time,  so  that  the  operation  of  re- 
duction took  about  three  weeks.  The  solu6ons  were  separated  from 
the  mercury,  nearly  neutralised  with  sulphuric  acid,  and  slowly 
evaporated.  A  quantity  of  the  unreduced  sodium  salt  first  crystal- 
lised out  and  was  filtered  off.  The  liquid  was  then  reduced  to  a 
smaller  bulk  and  treated  with  alcohol,  whereby  a  quantity  of  sodium 
sulphate  was  thrown  out  of  solution.  On  further  evaporation,  a  crop 
of  crystals  was  obtained  which,  after  treatment  with  charcoal  and 
recrystallisation  from  water,  formed  a  mass  of  beautiful,  colourless 
plates.  A  few  of  these  were  converted  into  sulphonamide  by  treat- 
ment with  phosphorus  pentachloride  and  with  ammonia,  and  fur- 
nished thereby  a  compound  crystallising  in  needles  melting  at 
147—148^  (compare  Jacobsen,  Ber,,  10,  1009  ;  11,  22 ;  and  Annalen, 
136,  305),  which  proved  the  crystals  to  be  sodium  pareu^lene- 
sulphonate.  As  no  crystallographic  measurements  of  this  substance 
have  been  previously  published,  and  as  such  are  desirable  for  com- 
parison with  those  of  isomeric  compounds,  the  following  description 
is  given : — 

Sodium  Paraxylenesuljphonate. 
CHaCCHaVSOaNa. 
Crystalline  system.     Orthorhombic — 

a:btc=  10767  :  1  :  1-4882. 

Fio.  2. 
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US  observed — 

c  =  {001}. 

r  =  {Oil}. 

«=  {101}. 

m  =  {110}. 

Obsenred.  Calculated. 

C8 001  :  101  64^     r  — 

cr 001  :  Oil  66      6  - 

sr 101 :  Oil  70    66  70"  65' 

cm 001:110  90      0  90     0 

mm 110:110  85    61  86  46^ 

sabstance  was  ciystalliaed  from  wafcer. 

srjstals  consist  of  colourless,  rectangdar  plates,  haying  their 

evelied  (Fig.  2). 

age, — Imperfect  parallel  to  100  and  010. 

optic  axes  lie  in  the  plane  001,  and  the  axis  a  is  the  acate 

lonble  refraction  is  weak ;  negative  ;  /><  r. 
!  axial  angle  in  air — 

2E.  =  27°  18'  for  lithium  light. 
=  27    46     „    sodinm     „ 
=  28    53    „    thallium  „ 

Reduction  ofDibromoparaxylenestdphonamide. 

Lg  failed  to  obtain  the  monobromoparaxylenesulphonic  acid 
sduction  of  sodium  dibromoparazjlenesulphonate  in  aqueous 

attempts  were  made  to  produce  it  by  reduction  of  the  oor- 
ng  sulphonamide  in  ethereal-alcohoHc  solution,  by  sodium 
L.  After  reduction,  however,  the  solution,  on  fractional 
»«tion,  furnished  a  considerable  quantity  of  unreduced  sul- 
ie  and,  finally,  a  substance  crystallising  in  minute  scales 
»  not  melt  at  260^,  and  char  at  a  slightly  higher  temperature. 

compound  contains  neither  nitrogen,  bromine,  nor  sulphur, 
rhaps  a  tetramethyldiphenyl. 

IT  intention  to  further  investigate  the  substance,  and  we  wish 
e  to  onrselves  the  right  of  examining  the  behaviour,  on  re- 
>f  other  substituted  sulphonamides. 

Sttmimary, 

paper  the  error  made  by  Jacobsen  in  respect  to  the  crys- 
\y  of  dibromoparaxylene  is  rectified,  and  the  sulphonic  acid 
erivatives  of  this  compound  are  described. 
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We  have  pleasnre  in  ezpressing  onr  oblifi^tionsto  Mr.  H.  A.  Miers, 
M.A.,  Infltructor  in  Crystaliography  at,  and  to  Mr.  W.  J.  Pope, 
Stndent  in  the  Chemical  Department  of  the  Central  Institution,  for 
the  crjstallographic  and  optical  determinations. 


LXIX. — Action  of  Phosphoric  Anhydride  on  Fatty  Acids.    Part  11. 

By  P.  Stanley  Kiphng,  I^h.D.,  D.Sc. 

It  was  shown  in  a  paper  commnnicated  to  the  Society  a  short  time 
ago  (Trans.,  1890,  532),  that  8t.earone  and  dihezyl  ketone  can  be  most 
conveniently  prepared  by  treating  stearic  acid  and  heptylic  acid  re- 
spectively with  phosphorie  anhydride  at  a  suitable  temperatare,  the 
reaction  which  takes  place  being  expressed  by  the  equation 

2R-C0OH  =  R,CO  +  CO,  +  H,0. 

As,  in  both  cases,  the  yield  of  ketone  is  good  and  the  product  is 
easily  obtained  in  a  pure  condition,  it  was  anticipated  that  other 
ketones  of  the  general  formula  R3CO  might  be  obtained  in  a  similar 
manner. 

The  investigation  has  now  been  extended  to  lanric  and  palmitic 
acids,  with  results  that  completely  bear  out  this  anticipation.  Laaric 
acid  is  decomposed  by  phosphoric  anhydride  at  210 — 230**,  the  yield 
of  laurone,  (CiiHn)3C0,  under  suitable  conditions  being  about  38  per 
cent,  of  the  theoretical ;  with  palmitic  acid,  the  reaction  takes  place 
at  180 — 200"",  and  about  50  per  cent,  of  the  theoretical  quantity  uf 
palmitone,  (Ci0H3i)sCO,  is  obtained ;  the  isolation  of  the  ketone  is  easy 
of  accomplishment  in  both  cases,  so  that  the  methods  detailed  below 
are  suitable  for  their  preparation. 

Having  at  my  disposal  considerable  quantities  of  these  two  ketones, 
i  have  prepared  from  them,  without  difficulty,  the  secondary  alcohoU 
(CuH»),CH-OHand  (C,6H3»)aCH-OH,  the  acetates  of  these  alcohols, 
and  the  oximes  (CiiH»),C:N-OH  and  (C,ftH3i)aC:N-0E[ ;  these  com- 
pounds  all  crystallise  well  except  dipalmitylcarbinyl  acetate,  which 
seems  to  be  amorphous. 

Experiments  are  being  carried  out  with  various  acids,  both  of  the 
fatty  and  aromatic  series ;  some  of  the  lower  fatty  acids,  caproic  acid 
for  example,  are  readily  decomposed  by  phosphoric  anhydride,  but 
the  conditions  under  which  a  satisfactory  yield  of  ketone  is  obtained 
have  yet  to  be  determined.  The  behaviour  of  a  mixture  of  two  acids 
with  phosphoric  anhydride  is  also  being  investigated,  as  it  seems 
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kbie  that  this  reaction  may  lead  to  the   formation  of  mixed 

.68. 

Preparation  of  Laurone^  (CnH2s)2CO, 

iric  acid  is  not  bo  readily  decomposed  by  pliospboric  anhydride 
)  other  fatty  acids  which  have  been  investigated ;  at  180*  the 
L  is  extremely  slow,  and  even  at  210°  the  evolution  of  carbonic 
Iride  is  not  very  rapidj  bnt  at  about  220^  the  acid  is  readily 
iposed. 

'  the  preparation  of  laurone,  thef ollowing  method  has  been  found 
e  good  results: — Pure  dry  lauric  acid  (10  grams)  is  heated  to 
220**  in  a  tall  beaker,  placed  on  a  sand-bath  or  in  a  metal-bath, 
losphoric  anhydride  is  gradually  added,  in  small  portions  at  a 
with  constant  stirring ;  a  considerable  development  of  heat 
,  the  temperature  rising  to  about  230°,-  and  the  mixture  soon 
a  brownish-black,  carbonic  anhydride  being  evolved  with 
scence.  The  addition  of  phosphoric  anhydride  is  continued, 
nperature  being  kept  at  about  230'',  until  a  fresh  portion  causes 
;her  e volution  of  gas ;  the  beaker  is  then  removed  from  the  bath 

contents  allowed  to  cool.  ' 

whole  operation,  after  the  acid  has  acquired  the  requisite  tem- 
•e,  occupies  only  three  or  four  minutes ;  and  about  7  grams 
jphoric  anhydride,  a  quantity  which  is  considerably  in  excess 

theoretical,  must  be  used  to   decompose  the  whole  of   the 

iark,  waxy  product  is  stirred  up  with  water  and  then  heat-ed 
to  boiling  with  excess  of  potash,  in  order  to  remove  the  phos- 
icid  and  any  unchanged  lauric  acid  which  might  be  present ; 
irring  well  for  a  few  minutes,  the  mixture  is  allowed  to  cool, 
1  the  laurone  and  resinous  p4X)ducts  collect  at  the  surface  of 
fcline  liquid  in  the  form  of  a  dark«brown  oil,  which  solidifies 
ing.  The  waxy  cake  is  separated  from  the  alkaline  liquid 
ically,  washed  on  a  filter  with  hot  water,  transferred,  together 
18  filter-paper,  to  a  flask  of  about  600  c.c.  capacity,  and 
d  with  boiling  moderately  dilute  methylated  spirits.  The 
.  of  a  few  pieces  of  filter-paper  to  absorb  the  oily  impurities 
id  as  advantageous  in  extracting  the  laurone,  as  is  the  case 
eparation  of  stearone ;  the  alcoholic  solution  then  remains  clear, 

be  simply  decanted  from  the  paper  and  insoluble  residue. 
•one,  which  is  deposited  from  thie  alcoholic  solution  on  cool- 
^parated  by  filtration,  and  the  filtrate  is  again  employed  for 
ig  the  residue  in  the  flask ;  in  this  way,  employing  about 

of  methylated  spirits,  the  whole  of  the  ketone  can  be 
1  in   iAiree,  or  at  the  most  four,  operations,  the  last  extract 
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being  dilated  with  water,  in  order  to  ensure  complete  precipitation 
from  the  cold  solation. 

The  yield  of  crude  lanrone,  dried  first  on  a  porous  plate,  and  then 
at  100°,  is  3*2  grams  from  10  grams  of  the  acid,  which  is  nearly  38  per 
cent,  of  the  theoretical  quantity.  The  crade  product  melts  at  about 
67^  and  is  almost  pure,  provided  the  alcohol  employed  in  extracting 
it  is  sufficiently  dilute;  after  crystallising  it  twice  from  boiling 
aloohol,  it  is  obtained  in  colourless,  waxy  plates  melting  at  69^ 

The  analysis  of  a  portion  of  the  pure  ketone,  dried  over  sulphnric 
acid,  gave  the  following  result : — 

0-1674  gram  of  substance  gave  0*4996  gram  of  CO,  and  0*2048  gram 
of  H,0. 

Calculated  for 

CaH4«0.  Fotuid. 

C t.  81*65  per  cent.    81  *39  per  cent. 

H 13-61        „  13-59 

0 474        „  502 

Laurone  was  first  prepared  by  Overbeck  (Annalen,  84,  289),  by 
the  distillation  of  calcium  laurate,  and  subsequently  by  Krafft 
{Ber,  15,  1712),  by  distilling  barium  laurate  with  calcium  oxide, 
under  a  pressure  of  10 — 15  mm.  The  melting  point  of  the  ketone  is 
66°  according  to  Overbeck,  whereas  Krafft  found  it  to  be  69®; 
neither  author  states  what  the  yield  is  by  the  process  he  employed, 
but,  judging  from  analogous  cases,  it  is  probably  less  than  hj  the 
method  described  above. 

.  Laurone  crystallises  from  hot  alcohol,  in  which  it  is  moderately 
easily  soluble,  in  large,  colourless,  waxy  plates,  melts  at  69^,  and 
distils  at  a  high  temperature  with  only  slight  decomposition  when 
heated  in  small  quantities;  it  is  readily  soluble  in  chloroform, 
benzene,  light  petroleum,  boiling  ether,  and  hot  glacial  acetic  acid, 
but  only  sparingly  in  cold  acetic  acid,  and  almost  insoluble  in  cold 
alcohol ;  on  the  addition  of  methyl  alcohol  to  a  cold  ethereal  solution, 
it  is  precipitated  in  ill-defined  crystals.  It  can  be  easily  coTiverted 
into  the  corresponding  secondary  alcohol,  and  it  combines  readily 
with  hydroxylamine. 

Considerable  quantities  of  dark-coloured  bye-products  are  obtained 
when  lanric  acid  is  treated  with  phosphoric  anhydride  as  described 
above,  and  it  has  not  been  found  possible  to  avoid  their  formation, 
which  seems  to  be  due  to  the  action  of  the  anhydride  on  the  laurone 
produced  in  the  reaction ;  when  the  quantity  of  phosphoric  anhydride 
employed  is  less  than  about  7  grams,  the  actual  yield  of  ketone  is 
diminished,  but  a  larger  or  smaller  quantity  of  acid,  according  to  the 
amount  of  anhydride  used,  remains  unchanged,  and  can  be  recovered 
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from  the  alkaline  solnfcion,  so  that  the  theoretical  yield  of  ketone 
femains  about  the  same. 


Lawrone  OximCj  (CnH83)aC!N*OH. 

The  ozime  of  lanrone  can  be  prepared  by  adding  a  dilute  methyl 
alcoholic  solution  of  hydroxy lamine  hydrochloride  (0*6  gram)  and 
potash  (]'2  gram)  to  a  warm  solution  of  the  pure  ketone  in  methyl 
alcohol,  keeping  the  mixture  for  four  hours  at  the  ordinary  tempera- 
ture, and  then  heating  at  60 — 70**  for  about  half  an  hour.  The 
solution  is  finally  heated  to  boiling,  filtered  from  the  crystals  of 
potassium  chloride,  and  the  filtrate  carefully  acidified  with  warm 
dilute  hydrochloric  acid ;  the  oxime,  which  is  deposited  in  colourless 
crystals  on  cooling,  is  separated  by  filtration,  recrystallised  from 
boiling  alcohol,  and  dried  on  a  porous  plate. 

A  nitrogen  determination  made  with  a  portion  of  the  pure  substance 
prepared  in  this  way  gave  the  following  result : — 

0*2225  gram  of  substance  gave  8'9  c.c.  of  nitrogen  measured  at  17^ 
under  a  pressure  of  735  mm. 

Ciilculated  for 
ObH^jNO.  Found. 

N 4*0  per  cent.  4*5  per  cent. 

Laurone  ozime  crystallises  from  hot  dilute  alcohol  in  long,  slender, 
colourless  needles,  melting  at  39 — 40** ;  it  dissolves  freely  in  cold 
glacial  acetic  acid,  from  which  it  is  precipitated  in  plates  on  the 
addition  of  water,  and  it  is  readily  soluble  in  benzene  and  light 
petroleum,  but  only  sparingly  in  cold  alcohol,  and  seemingly 
insoluble  in  water  and  concentrated  alkalis. 


Dxlaxwyl  Oarhinol,  <CuHj3)aiDH-0H. 

This  secondary  alcohol  can  be  obtained  without  difficulty  by 
reducing  laurone  with  sodium  and  water.  For  this  purpose,  the  pure 
ketone  (2  grams)  is  dissolved  in  warm  ether,  and  the  ethereal  solu- 
tion is  poured  into  a  large  bottle,  containing  about  100  c.c.  of  con- 
centrated soda  and  provided  with  a  reflux  condenser ;  a  large  excess 
(about  5  grams)  of  the  theoretical  quantity  of  sodium  is  then  intro- 
duced, in  small  portions  at  a  time,  any  considerable  rise  in  tempera- 
ture being  avoided  by  surrounding  the  bottle  with  cold  water.  As 
soon  as  the  whole  of  the  sodium  has  dissolved,  the  ethereal  solution  is 
separated,  the  alkali  extracted  once  with  ether,  the  combined  extracts 
dried  over  potassium  carbonate  and  evaporated. 

The  colourless  oil  obtained  in  this  way  immediately  solidifies  on 
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cooling  to  a  wax-like  mass,  and  can  be  purified  by  recrjBtallisatian 
from  hot  metbyl  alcohol. 

The  analysis  of  the  pnre  alcohol,  dried  at  100°,  gave  the  following 
result : — 

01816  gram  of  substance  gave  0*5255  gram  of  CO.  and  0*2198 
gram  of  HsO. 

Calculated  for 

CssH^gO.  Found. 

C 8117  per  cent.  8108  per  cent. 

H 1412        „  14-16 

O 471        „  474        „ 

Dilauryl  carbinol  separates  from  hot'  ethet  in  well-defined,  colour- 
less plates,  and  from  boiling  methyl  alcohol  in  peculiar  fern-like 
crystals,  melting  at  75 — 76^.  It  is  readily  soluble  in  cold  benzene, 
chloroform,  light  petroleum,  and  hot  glacial  acetic  acid,  but  only 
moderately  easily  in  hot  alcohol  and  cold  glacial  acetic  acid  and  is 
insoluble  in  water. 

DUaurylcarbinyl  Acetate^  (CuHtj)aCH"OAc. 

For  the  better  characterisation  of  the  alcohol,  it  was  converted  into 
the  acetate  by  boiling  it  for  about  eight  hours  with'a  large  excess  of 
acetic  anhydride  in  a  flask  provided  with  a  reflux  apparatus;  on 
cooling,  the  ethereal  salt  is  deposited  from  the  solution  in  colourless 
crystals,  mixed,  however,  with  a  small  quantity  of  unchanged  alcohol 
The  two  compounds  can  be  easily  separated  by  dissolving  the  mixture 
in  a  considerable  quantity  of  boiling  methyl  alcohol  and  allowing  the 
solution  to  cool  slowly ;  almost  the  whole  of  the  dilauryl  carbinol 
crystallises  from  the  solution  and  is  separated  by  filtration,  the 
acetate,  which  remains  dissolved,  being  then  precipitated  by  dilut- 
ing with  water;  the  compound,  purified  in  this  way,  melted  at 
34 — 35°,  and  its  melting  point  did  not  alter  on  recrystallisation. 

The  following  result  was  obtained  on  analysis  of  a  portion  of  the 
pure  ethereal  salt,  dried  at  100* : — 

0-1818  gram  of  substance  gave  0*5217  gram  of  00%  and  0*2174 
gram  of  H3O. 

Calculated  for 

0»H|oO^  Founa. 

C 78*53  per  cent.     78*26  per  cent. 

H 1309    „       13*29 

0 8*38    „        8-46    „ 

Dilaurylcarbinyl  acetate  crystallises  from  dilute  methyl  alcohol  in 
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le^  pbii6B,  melts  at  34 — ^35^,  and  is  much  move  readily  soluble 
kjl  alcohol  than  the  alcojiol  from  ^hich  it  is  derived.  It  is 
T  solable  in  cold  benzene,  bat  only  moderately  in  cold  glacial 
acid,  and  very  sparingly  in  cold  acetic  anhydride.  Jt  is 
jr  hydroljped  by  boiling  alcoholic  , potash,  being  reconverted 
laaryl  carbinpl. 

Preparation  afPalmiione,  (CisHaOaCO. 

the  preparation  of  this  ketone,  pare  palmitic  acid  should  be 
ed,  the  process  being  carried  oat  in  a  manner  similar  to  that 
ed  in  the  case  of  laurone,  except  that  the  temperature  required 
imposition  is  not  so  high. 

itic  acid  (lO^ams)  is  heated  at  200 — 210*  in  a  beaker  placed 
id-bath,  and  the  phosphoric  anhydride  added  in  small  portions 
B  with  constant  stirring ;  a  considerable  development  of  heat 
and  rapid  eifei;v,^scence  sets  in  owiiig  to  the  liberation  of 
3  anhydride,  t^e^iixtiure  at  the  san^e^time  becoming  rapidly 
in  colour.  It  .was  found  convenient  to  employ  sufficient 
iric  anhy<iride  to  decompose  the  whole  of  the  acid,  as,  if  this  is 
e,  the  sabsequent  isolation  qf  the  ketone  is  rather  more 
omo ;  for  this  purpose,  about  6  grams  of  the  anhydride  are 
,  the  end  of  the  reaction  being  shp.^n  by  the  cessation  of 
5ence  on  the  addition  of  a  fresh  portion.  The  dark-brown 
is  allowed  to  cool,  freed  from  phosphoric  acid  exactly  as 
i  in  the  preparation  of  laurone,  and  the  residue  extracted 
iree  times  with  boiling  dilute  methylated  spirit,  the  solvent 
jed  over  and  over  again.  The  ketone,  which  is  deposited 
alcoholic  solution,  on  cooling,  in  the  form  of  yellowish  flakes 
ited  by  filtration  and  dried  on  a  porous  plate.  The  crude 
prepared  in  this  way,  is  almost  p^re  and  melts  at  about  78° ; 
3  grams  of  crude  ketone,  dried  at  100**,  are  obtained  from 
I  of  palmitic  acid,  a  yield  which  is  just  over  50  per  cent,  of 
retical.  After  recrystallisation  from  boiling  alcohol,  it  is 
in  colourless  plates  melting  at  82 — 88®. 
aljsis  of  the  pure  compound,  dried  at  100°,  gave  the  follow- 

gram  of  substance  gave  0*5868  gram  of  CO2  and  02388 

I  of  H2O. 

Calculated  for 

CnHetO.  Found. 

D 82-66  per  cent,  82-32  per  cent. 

a 13-78        „  13-65 

3 3-55        „  403        „ 
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Palmitone  has  been  previonsly  prepared  by  Piria  (Annalen^  82, 
249)  and  others,  and  more  recently,  by  an  improved  process,  by 
Krafft  {Berichte^  15,  1714),  who  obtained  it  by  the  distillation  of 
barimn  palmitate  with  calcinm  oxide  nnder  greatly  reduced  pressure ; 
the  yield  is  not  given  in  Krafft's  paper,  bat  it  is  doubtless  con- 
siderably less  than  50  per  cent,  of  tbe  theoretical. 

Bye-prodncts  are  obtained  in  the  preparation  of  palmitone  in  the 
manner  described  above;  they  seem  to  be  of  the  same  nature  as 
those  formed  in  the  preparation  of  laurone  and  stearone,  bat  have 
not  yet  been  examined  very  closely. 

Palmitone  Oxime  (Ci6Hai)aC:N-0H. 

Palmitone  does  not  seem  to  combine  with  bydroxylamine  at  tbe 
ordinary  temperature ;  the  oxime  can,  however,  be  obtained  by  boil- 
ing the  ketone  for  about  1^  hours  with  a  large  excess  of  bydroxyl- 
amine hydrochloride  and  excess  of  potasb  in  alcoholic  solution.  The 
crystals  of  potassium  chloride  are  tben  separated  by  filtration,  and 
the  filtrate  is  allowed  to  cool  slowly ;  the  oxime,  which  is  deposited 
from  the  solution  in  colourless  crystals,  is  washed  well  with  cold 
dilute  methyl  alcohol,  recrystallised  from  tbis  solvent,  and  dried  on  a 
porous  plate. 

The  compound,  purified  in  tbis  way,  showed  signs  of  softening  at 
67 — 58**,  and  melted  completely  at  69°  ;  it  seemed  quite  homogeneous 
nnder  the  microscope. 

A  nitrogen  determination  witb  a  portion  of  the  substance  which 
had  been  dried  over  sulphuric  acid  gave  the  following  result : — 

0*2226  gram  of  substance  gave  6*7  c.c.  oE  nitrogen,  measured  at  14^ 
under  a  pressure  of  746  mm. 

Calculated  for 
C,iHqNO.  Found. 

N 3'0  per  cent.  3*4  per  cent. 

Palmitone  oxime  separates  from  boiling  alcohol  in  fern-like  crystals, 
and  from  hot  glacial  acetic  acid  in  groups  of  needles.  It  dissolves 
freely  in  cold  benzene  and  light  petroleum,  but  is  only  sparingly 
soluble  in  boiling  glacial  acetic  acid  and  alcohol,  almost  insoluble  in 
the  cold  solvents,  and  insoluble  in  soda. 

Bipalmityl  Garhinol  (Ci5H,i)aCH-0H. 

As  palmitone  is  only  sparingly  soluble  in  cold  ether,  dipalmityl 
carbinol  cannot  be  conveniently  prepared  by  reducing  the  ketone 
with  sodium  and  water  as  described  in  the  case,  of  dilauryl  carbinol, 
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an  be  easilj  obtaiDed  in  the  following  manner : — The  pore 
8  dissolyed  in  boiling  alcohol  in  a  flask  provided  with  a  reflux 
er,  and  a  large  excess  over  and  above  the  theoretical  quantity 
m  is  added  in  small  portions  at  a  time,  the  solution  being 
its  boiling  point.  The  whole  of  the  sodinm  being  dissolved, 
tion  is  dilated  with  warm  water  and  allowed  to  cool;  the 
n-prodact,  which  is  gradually  deposited  in  colourless  crystals, 
fcted  by  filtration,  washed  well  with  warm  water  to  free  it  from 
od  recry stall ised  from  boiling  alcohol, 
nalysis  of  the  pure  alcohol,  dried  at  100*',  gave  the  following 

S  gram  of  substance  gave  0*5577  gram  of  C02  and  0*2368 
m  of  H,0. 

Calculated  for 

C,iH„0.  Found. 

C 82-80  per  cent.      8215  per  cent. 

H 14-16    „        14-21 

0 3-54    „        3-64 

nityl  carbinol  crystallises  from  boiling  alcohol  in  colourlesfi, 
idles  or  plates,  melts  at  84 — 85^,  and  distils  under  the  ordi- 
Bsure  with  only  very  slight  decomposition  when  it  is  heated 
quantities.  It  is  readily  soluble  in  hot  ether,  light  petroleum, 
benzene,  but  only  moderately  easily  in  hot  alcohol  and 
Icohol,  and  insoluble  in  water. 


Dtpalmitylcarhinyl  Acetate,  (Ci6Hji)2CH-OAc. 

timityl  carbinol  and  the  ketone  from  which  it  was  prepared 
y  little  in  percentage  composition  and  as,  moreover,  the 
joints  of  the  two  compounds  lie  within  about  5°  of  one 
b  seemed  necessary  to  prepare  the  acetate  of  the  alcohol  in 
btain  some  more  conclusive  proof  that  the  compound  de- 
love  is,  in  reality,  dipalmityl  carbinol. 
I  purpose,  the  pure  alcohol,  melting  at  84 — 85**,  was  boiled 
3  hours  with  a  large  excess  of  acetic  anhydride,  in  a  flask 
vith  a  reflux  apparatus,  and  the  solution  then  allowed  to 
)  product,  which  separates  almost  immediately  as  an  oil, 
gradually  solidifies,  was  recrystallised  from  boiling  alcohol, 
in  hot  ether,  reprecipitated  by  adding  methyl  alcohol,  and 
porous  plate.  It  is  thus  obtained  in  the  form  of  a  coloui*- 
lar,  seemingly  amorphous  powder  melting  at  47 — 49**.  .  Tl  e 
the  dry  substance  gave  the  following  result : — 
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01894 gram. of  sabstance  gave  0'5498  gram  of  CO3  and  0'22.>0 
gram  of  HsO. 


Calculated  for 

CaH„0^ 

Found. 

c 

8016  per  cent. 

79-70  per  cent. 

H 

13-36        „ 

13-20 

0 

6-48        „ 

MO        „ 

Dipalmitylcarbinjl  acetate  is  readiljr  soluble  in  cold  ether,  benzene, 
and  hot  amjl  alcohol,  and  moderately  easily  in  hot  light  petroleum, 
bnt  only  sparingly  in  boiling  methyl  alcohol,  and  insoluble  in  wat«r. 
When  boiled  with  alcoholic  potash,  it  is  quickly  hydrolysed,  being 
reconverted  into  dipalmityl  carbinol. 

Her  lot  Watt  College, 

Edinburgh. 


LXX. — An  Invest igatiqn   of   the    Conditions  under    which   Hydrogen 
Peroxide  is  formed  from  Ether,     (Second  Notice.) 

By  Wyndhaw  R.  Dunstan  and  T.  S.  Dymond. 

In  a  paper  recently  published  in  the  Journal  (Trans.,  1890,  574),  we 
have  drawn  attention  to  the  conflicting  statements  which  have  been 
recorded  respecting  the  formation  of  hydrogen  peroxide  from  ether, 
and  we  have  pointed  out  that  the  whole  question  stands  in  need  of  re- 
investigation, owing  to  the  circumstance  that  there  is  no  evidence  that 
pure  ether  has  been  employed  by  previous  observers,  who  have  either 
omitted  all  reference  to  the  manner  in  which  the  ether  employed  by 
them  was  purified,  or  have  described  methods  which  are  not  adequate 
for  the  purpose  of  purifying  a  liquid  which  is  particularly  difficult  to 
obtain  in  a  pure  state.  We  have  described  in  detail  the  plan  which 
we  have  found  successful  for  this  purpose.  Employing  such  purified 
ether,  we  have  determined  whether  hydrogen  peroxide  can  be  formed 
from  it  under  three  distinct  conditions,  namely  (I),  by  the  action  of 
ozone  and  subsequently  of  water;  (2)  by  the  slow  and  imperfect 
oxidation  of  ether  by  air  at  the  lowest  possible  temperatures  (200 — 
300"*)  ;  and  (3)  by  the  action  of  light  (diffused  daylight  and  electric 
light)  in  the  cold.  Under  the  two  first-named  circumstances,  we 
were  able  to  demonsl  rate  the  production  of  hydrogen  peroxide  ;  but 
we  failed  to  observe  i.i  formation  except  in  impure .  specimens,  during 
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the  exposure  of  ether  in  contact  with  water  and  air  to  diffused  day- 
light or  electric  light.  We  were  unahle  to  command  in  London  at 
the  time  when  oar  experiments  were  made  any  duration  of  sunlight, 
or  indeed  to  obtain  sanlight  which  had  not  been  greatly  impoyerished 
in  its  passage  through  the  atmosphere.  Althoagh  it  then  seemed  to 
us  unlikely  that  different  results  would  be  obtained  in  bright  sun- 
light, yet,  as  the  experiments  which  have  been  recorded  by  some 
previous  observers  on  the  formation  of  hydrogen  peroxide  from  ether 
had  been  made  under  these  circumstances,  we  took  the  opportunity 
last  May  of  making  at  Oxford  a  series  of  experiments  in  which  pare 
ether  in  contact  with  oxygen  and  water  was  exposed  in  bright  sun- 
light. Several  specimens  of  the  ether  were  enclosed  in  long  glass 
tubes  having  a  capacity  of  rather  more  than  half  a  litre.  About  50 
c.c.  of  water  and  the  same  quantity  of  ether  having  been  introduced 
into  the  tube,  the  air  contained  in  it  was  replaced  by  oxygen,  which 
would  presumably  lead  to  the  formation  of  a  larger  quantity  of 
hydrogen  peroxide  than  the  same  volume  of  air ;  the  tabes  were  then 
hermetically  closed.  Duplicate  specimens  of  ether,  water,  and  oxygen 
were  also  exposed  in  the  almost  colourless  (slightly  greenish)  Win- 
chester bottles  which  we  had  employed  in  the  previous  series  of 
experiments.  For  rather  more  than  four  months  (May  IC  th  to  Sep- 
tember 29th)  the  tubes  and  bottles  were  exposed  to  sunlight  in  the 
open  air  on  a  verandah  having  a  southern  aspect.  By  their  side 
was  placed  a  sealed  tube  rendered  opaque  by  thickly  coating  it  with 
black  varnish,  and  likewise  containing  ether,  water,  and  oxygon,  bo 
that  we  might  be  able  by  an  examination  of  the  contents  of  this  tube 
after  exposure  to  ascertain  whether  the  temperature  attained  by  it  in 
sunlight  would  alone  be  sufficient  to  produce  hydrogen  peroxide. 

Through  the  kindness  of  Mr.  E.  J.  Stone,  F.R.S.,  the  Radcliffe 
Observer,  we  are  enabled  to  state  the  sunshine  record  for  the  months 
of  June,  July,  August,  and  September,  and  also  the  readings  of  a 
black-bulb  thei*mometer  exposed  in  vactw^  these  observations  having 
been  made  at  the  Radcliffe  Observatory,  Oxford,  close  to  the  place 
where  our  experiments  were  conducted. 

During  June,  139  hours  of  sunshine  were  recorded  ;  during  July, 
150  hours ;  during  August,  171  hours ;  during  September,  150  hours. 
The  highest  readings  of  a  black-bulb  thermometer  exposed  to  sun- 
light in  a  vacuum  were:  in  June,  62*2°;  in  July,  561';  in  August, 
54-8° ;  in  September,  50-8°. 

The  results  we  have  obtained  prove  that  hydrogen  peroxide  is  pro- 
duced from  pure  ether  by  exposure  to  bright  sunlight  in  contact  with 
water  and  oxygen.  The  liquids  enclosed  in  tubes  and  those  con- 
tained in  the  bottles  alike  afforded  the  characteristic  reaction  wit  h 
acidified  chromate  with  the  exception   of    that  contained  in  the 
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darkened  tube,  which,  although  it  apparently  did  not  contain 
hydrogeti  ]^rd^de,  nevertheless  liberated  iodine  from  potasAiam 
iodide,  ln  no  case  did  the  amount  of  hydrogen  peroxide  exceed 
01  per  cent.  Accompanyitig  the  hydrogen  peroxide,  we  found 
small  quantities  of  the  oxidation  products  of  ether,  among  them 
being  aldehyde  and  acetic  acid.  The  conditions  tinder  which  the!^ 
experiments  were  made  differ  from  those  of  the  previous  series  in 
three  respects:  firstly,  in  the  substitution  of  oxygen  for  air; 
secondly,  in  the  existence  of  a  higher  temperature;  and,  thirdly,  in 
the  employment  of  bright  sunlight  instead  of  the  electric  light.  In 
considering  to  which  of  thjBse  three  conditions  the  different  result 
may  be  ascribed,  it  seem&  improbable  that  the  nse  of  6xygen  instead 
of  air  can  have  materially  affdcted  the  result ;  it  has  been  proved  that 
the  higher  temperature  alone  is  incompetent  to  produce  the  efFect; 
there  remains  the  difference  that  whilst  in  the  first  series  of  experi- 
ments the  electric  light  acted  at  a  low  temperature  (10 — 15^),  in  the 
second  series  bright  sunlight  acted  at  a  much  higher  temperature. 
Now  we  have  already  shown  that  hydrogen  peroxide  is  formed  when 
ether  is  imperfectly  oxidised  by  heating  its  vapour  with  oxygen  in 
such  a  manner  that  the  products  of  the  change  can  at  once  come  into 
contact  with  cold  water.  Under  the  inflnence  of  sunlight,  it  would 
appear  that  the  same  action  takes  place,  but  at  a  lower  temperature. 
Since  hydrogen  peroxide  is  produced  from  ether  in  bright  sunlight 
but  not  in  the  electric  light,  it  is  probable  that  the  red  and  not  the 
violet  rays  of  light  are  operative  in  producing  the  change,  although 
further  experiments  are  needed  to  determine  whether  the  violet  and 
ultra-violet  rays  may  not  themselves  be  competent  to  produce  the 
same  effect,  provided  that  the  temperatore  is  higher  than  that  which 
obtained  during  our  experiments  with  the  electric  light.  The  for- 
mation of  only  small  quantities  of  hydrogen  peroxide  wonM  appear 
to  be  due  to  its  desti*nction  by  some  df  the  oxidation  products  of  ether 
which  are  formed  simultaneously. 

All  thefte  fadts  point  to  the  conclusion  that  the  formation  of 
hydrogen  peroxide  is  the  accompaniment  of  the  slow  oxidation  of 
ether.  Having  regard  to  the  fact  recorded  in  our  first  paper,  that 
ozone  is  absorbed  by  pure  ether,  forming,  according  to  Berthelot,  ethyl 
peroxide,  and  that  the  solution  affords  hydrogen  peroxide  when  mixed 
with  water,  it  fteems  possible  that  the  production  of  hydrogen  per- 
oxide by  the  slow  oxidation  of  ether  in  contact  with  water  may  be 
due  to  the  same  process  of  chemical  change,  and  that  the  oxygen 
unites  with  ether  forming  a  compound  which  is  decomposed  by 
water  with  the  production  of  hydrogen  peroxide.  Another  expfai- 
nation  ha6,  however,  been  suggested  by  Dr.  Arthur  Bichardson,  to 
which  we  have  already  referred  in  our  previocni  paper.    It  snppoeea 
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that  under  the  influence  of  snnlight  water  is  oxidised  to  hydrogen 
peroxide  by  the  oxygen  gas  which  is  in  contact  with  it,  the  ethor  re- 
maining unchanged,  and  acting  only  as  a  preservative  of  the  hydro- 
gen peroxide;  indeed,  Dr.  Richardson  claims  to  have  proved  that 
water  acidulated  with  sulphuric  acid  combines  with  oxygen  under  the 
influence  of  sunlight,  forming  hydrogen  peroxide.  We  have  already 
recorded  our  failure  to  observe  the  formation  of  hydrogen  perox:ide 
from  acidulated  water  when  exposed  at  a  low  temperature  to  the 
electric  light.  We  Have  sinoe  repeated  the  experiments  in  bright  sun- 
light with  ptire  water  containing  1  per  cent,  of  pure  redistilled 
sulphuric  -acid.  Tbe  acidulated  water  (50  c.c.)  was  sealed  with 
oxygen  in  a  glass  tube  and  exposed  at  the  same  time  and  under 
exactly  the  same  conditions  as  the  tubes  of  ether  referred  to  above. 
After  a  period  of  foar  months,  we  were  unable  to  detect  any  hydro- 
gen peroxide  in  the  liquid,  which  reacted  neither  with  dbromate  xvor 
with  potassium  iodide. 

Since  our  first  paper  was  published,  a  more  detailed  account  of 
Dr.  Richardson's  experiments  bas  appeared  (British  Association  Re- 
jxort,  1889)  than  that  which  is  contained  in  the  abstract  in  the  Pro- 
ceedings of  tbis  Society  (1889,  134).     From  this  we  learn  that  the 
amount  of  hydrogen  peroxide  stated  to  be  formed  from  acidulated 
water  never  exceeded  0*0019   per  cent.,  and  often  ranged  between 
©"OOOl  and  0*0006   per  cent.     Apparently  the  only  evidence    that 
hydrogen  peroxide    exists  in  tbe    liquid   is   its   reducing  action  on 
permanganate,  evidence  which   appears  to   us  to   be    quite   incon- 
dnsive.     Moreover,  it  is  well  known  that  dilute  acidified  solutions  of 
hydrogen  peroxide  possess  considerable  stability,  and  some  explana- 
tion is  required  to  account  for  the  presence  of  such  minute  quantities 
as  those  mentioned  in  a  liquid  which  is  known  to  favour  the  con- 
tinued existence  of  the  substance. 
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Introduction, 

In  a  paper  commDnicatcd  to  the  Society  some  time  since,  I  showed 
that  berberine,  CwHnNOi,  when  very  carefully  oxidised  with 
potassium  permanganate  in  alkaline  solution,  yields,  besides  hemi- 
pinic acid  and  other  simply  constituted  substances,  a  number  of 
interesting  derivatives,  containing  the  same  number  of  carbon  atoms 
as  the  alkaloid  itself. 

The  further  study  of  the  oxidation  of  berberine  has  led  to  the 
isolation  of  some  new  compounds  still  containing  20  carbon  atoms,  and 
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the  exhaastive  examination  of  these  has  given  many  reRnlts  which 
afford  a  very  elear  insight  into  the  eonstitntion  of  the  alkaloid. 
The  most  important  of  these  deriTatzYes  are  the  following : — 

Oxyberberine CttHuNOs^ 

Dioxyberberine C20H17NO8, 

Berberal 0»Hi,NaT, 

Anhydroberberilic  acid CaoHnNOt, 

Berberilic  acid CsoHiaNO^, 

and  these,  with  the  exception  of  the  last-named,  are  derived  from 
berberine  by  the  addition  of  1,  2,  3,  and  4  oxygen  atoms. 

Before  explaining  in  detail  the  methods  employed  in  preparing  and 
separating  these  compounds,  I  propose  to  give  a  short  sketch  of  the 
results  of  the  experimenta  which  have  thrown  the  most  light  on  the 
constitntion  of  berberine.  In  doing  this  it  will  be  well  to  commence 
with  anhydroberberilic  acid,  as  the  stady  of  the  properties  of  this 
substance  served  as  a  foundation  on  which  the  examination  of  the 
other  derivatives  was  based.  Anhydroberberilic  acid  ia  almost  in- 
soluble in  aqueous  alkalis  and  alkaline  carbonates  at  ordinary 
temperatures,  but  when  warmed  with  dilute  sodium  hydrate  aolatiou 
it  is  readily  dissolv«d,  yielding  a  salt  of  berberilie  acid : — 

CsoHnNOe  H-  2NaOH  =  CaoHnNOjNa,  +  H,0, 

As  this  free  acid,  at  temperatures  above  170%  is  reconverted  into 
anhydroberbeiilic  acid,  it  was  at  first  supposed  that  berberilic  acid 
was  a  bibasic  acid,  containing  two  carboxyl  groups  in  the  ortho- 
position,  and  that  anhydroberberilic  acid  was  simply  its  anhydride  ; 
subsequent  examination  showed,  however,  that  although  the  latter 
compound  is  undoubtedly  an  anhydride  of  berberilic  acid,  it  is  at  the 
same  time  itself  an  acid  and  not  a  neutral  compound. 

In  support  of  this  statement  the  following  facts  may  be  men- 
tioned:— 

1.  Under  certain  conditions   (explained  in  detail  in  the  experi- 

mental part  of  this  paper)  anhydroberberilic  acid  forms  salts 
of  the  formula  C»H,6N0»M'. 

2.  When  treated  with  phosphoruB  pentaohloride>  anhydroberberilic 

is    converted     into     the     corresponding     acid     chloridu 
OaoHiJSf  CIO7,  thus  :— 

CaoHirNOe  -f  PC1»  =  C^HlNCIOt  +  POCl,  +  HCl. 

From  this  chloride,  the  amide  CnnieN(NHs)Oi  and  the  anilide 
<C:«,H,tN(NH-CtH,)07  have  been  prepared. 

An  insight  into   the   constitution   of  anhydroberberilic  acid  was 
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first  obtained  by  the  study  of  berberilic  acid,  CaaHit^O^.  ThiA  acid 
is  readily  obtained  by  disaolying  the  anhydro-acid  in  warm  dilute 
alkalis,  and  precipitating  the  alkaline  solution  with  dilute  hydrochloric 
acid ;  it  is  a.  bibasic  acid  forming  salts  of  the  formula  CfloHnN09M'2. 

The  most  interesting  salt  of  this  acid  is  the  ammonium  salt* 
CsoHi7NO»(NH4)2,  as  this  when  gently  warmed  or  allowed  to  stand 
over  sulphuric  acid  in  a  vacuum,  gradually  loses  half  its  ammonia, 
yielding  the  ammonixun  salt  of  ajihydroberb^rilic  add: — 

C«>H„N0,(NH4),  =  O^jHieNOsCNHO  +  H,0  +  NH,. 

Although  only  slowly  acted  on  by  alkalis,  berberilic  acid  dissolyes 
raadily  in  boiling  dilute  sulphuric  aoid,  being  at  the  same  time 

0H,0 

CHjO/'^COOH 
decomposed  quantitatively  into  hemipinic  acid,  ,  and 

a  new  base,  CioHuNO*,  thus : — 

When  heated  at  180^  or  digested  with  strong  aqueous  potassium 
hydrate,  or  even  when  simply  boiled  with  water  for  some  time,  this 
base  loses  the  elements  of  a  molecule  of  water,  and  is  converted  into 
its  inner  anhydride,  CioHgNOsi  thus : — 

CwHiiNOi  =5  CioHgNOj  +  H,0. 

This  important  sabstance  is  feebly  basic,  its  salts  being  only  stable 

•  in  the  presence  of  large  quantities  of  acid.     By  the  action  of  nitroun 

acid,  it  is  converted  into  a  yellow  nitroso-com pound,  CiJ58(NO)N03, 

which,  when  boiled  with  dilute  caustic  soda,  rapidly  dissolves  with 

evolution  of  nitrogen,  thus : — 

CioH8(NO)NO,  +  HjO  =  C10H10O5  +  N,. 

This  substance,  C10H10O5,  is  a  monobasic  acid,  the  salts  of  which 
are  fairly  characteristic.  When  heated  to  150*  or  boiled  with  water, 
it  readily  loses  1  mol.  of  water  and  is  converted  into  its  inner 
anhydride,  CioHeO*,  thus  : — 

C10H10O5  =  CioHeOi  +  H20. 

This  anhydiide  is  reconverted  by  dissolution  in  alkalis  into  the  acid 
OioHioOft. 

NumeroDS  experiments  were  tried  with  the  object  of  oxidising  this 
substance  to  some  well  known  acid,  but  without  success,  the  com- 
pound being  either  unacted  on  or  else  completely  destroyed  by  the 
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oxidising  agents  employed.  When  gently  fused  with  potash,  the 
Rnbstance  yields  a  mixture  of  catechol  and  protocatechaic  acid. 
This  reaction  affords  some  clue  to  the  constitntion  of  this  series  of 
compounds,  as  it  proves  them  to  be  derivatives  of  orthodihydroxy- 
benzene ;  as,  however,  on  the  other  hand,  these  substances  give  no 
reaction  with  ferric  chloride,  the  absence  of  hydroxyl  groups  must  be 
assumed. 

When  the  anhydride  CioHgOi  was  heated  with  hydriodic  acid  in 
Zeisers  apparatus  (Monatsh.,  6, 996),  not  a  trace  of  methyl  iodide  was 
evolved,  proving  the  absence  of  methoxy -groups  ;  decomposition  had, 
however,  evidently  taken  place,  as  ether  extracted  from  the  residue 
in  the  retort  a  dark  coloured  substance  which  gave  an  intense  g^reen 
coloration  with  ferric  chloride,  but  could  not  be  obtained  in  a  crys- 
tHlliue  condition. 

Hydrochloric  acid  at  170 — 175**  decomposes  the  compound  CioHgOi, 
apparently  quantitatively,  with  deposition  of  carbon  and  formation  of 
a  new  compound,  CtHgOi,  thus  : — 

CioHgOi  ==  CgMgOt  +  C. 

This,  with  ferric  chloride,  gives  the  most  intense  catechol  reaction ; 
it  also  gives  a  white  precipitate  with  acetate  of  lead,  and  reduces  both 
Fehling's  solution  and  ammoniacal  nitrate  of  silver.  This  decomposi- 
tion into  carbon  and  a  catechol  derivative  on  heating  with  water  or 
dilute  hydrochloric  acid  is  characteristic  of  piperonyl  derivatives* 
(Fittig,  Bemsen,  AntiAlerij  159,  139),  and  the  above  experiment, 
therefore,  proves  that  the  derivatives  obtained  from  the  ba«e 
C10H11NO4  (including  the   base  itself)   must  contain  the  piperonyl 

group,  CHa<Q>C8H4. 

As  also,  the  fact  that  the  two  compounds  G10H11NO4  and  C10H10O5 
are  readily  converted  into  inner  anhydrides  proves  that  they,  and 
therefore  their  derivatives,  must  contain  two  side  chains  in  the  ortho- 
position,  the  following  forraulsB  may  be  taken  as  representing  the 
constitution  of  these  derivatives. 


*  The  nature  of  this  reaction  may  perhaps  be  rendered  more  dear  by  the  partial 
equation — 

For  the  sake  of  brevity,  I  propose  that  the  group  CeH4^-Q^CHs,  which  ooeon  in 
such  a  large  class  of  compounds,  shall  be  simply  called  ** piperonyl  ** 
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CHj-0 

Q__  y\  tt'-Amidoethylpi- 

CioHuNO*        =  I       |COOH  _      peroDylcarboxy- 


■/     |COOH 


lie  acidJ 


n  CO'NH  w-Amidoethylpi- 

CoH^NOs  =  Cn,<X>C^,<;Z  \jj  =       peronylcarboxy. 

u  CHj-CHa  lie  anhydride. 

Ni  troso-i«>-am  ido- 

o,«NO)No.=cH.<g>aB.<^°;J<,7  -   t'^^'i: 

hydride. 

rijn  PTT/O^riT^COOH  '^-Hydroxyethyl- 

UioMioUfl  =  t'll2<Q>U8ll2<,QU  .Q2J  ,Q  V  =      piperonylearb- 

*       '  oxylie  acid. 

<w-Hydroxyethjl- 

CoHeO*  =  CH,<S>CeH,<5^'9  =      piperonylearb- 

v^ioxaev^4  '^0^    •    '^CHa-CH,  oxylic  anhydr- 

ide. 

r  H  O  _  fl  0>.  p  ^  ^CO  •  O  ».Hydpoxyethyl. 

^•"8^4  —  JJO*^        *^CH  -rH  ~      catecnolcarboxy- 

'        '  lie  anhydride. 

Freund  and  Will  {Berickte^  20,  2400),  in  their  researclies  on 
hydrastine,  describe  a  substance,  oxyhydrastinine,  obtained  by  the 
action  of  caustic  potash  on  hydrastinine,  which  they  subsequently 

CHs-O 

6-/\,  CONCH, 
prove  to  have  the  constitution  I        . 

\)  CHj'CHj 

If  the  f  ormuleB  assigned  to  the  compounds  above  be  correct,  oxy- 
hydrastinine must  be  a  methyl  derivative  of  the  compound  CioH^NOs, 
and  in  order  to  confirm  these  formulsB  every  effort  was  made  to  convei't 
the  substance  C10H9NO3  into  oxyhydrastinine. 

This  proved  to  be  extremely  difficult,  and  numerous  experimonts, 
extending  over  several  months,  failed  to  bring  about  the  desired  re- 
sult. The  transformation  was,  however,  ultimately  accomplished  in 
the  following  way : — 

The  compound  CioHgO*,  when  heated  with  phosphorus  pcntachloride, 
is  converted  into  the  chloride  of  w-chlorethylpiperonylcarboxylic  acid, 
thus : — 

CoHgOi  +  PCI5  =  CioHsOjClj  4-  POCI3, 

•  The  relatire  portion  of  the  two  pairs  of  ortho-side  chains  is  very  probably  that 
given  here,  but  further  experiments  are  needed  before  this  view  can  be  definitely 
accepted. 
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which,  when  decomposed  by  water,  is  converted  into  the  acid 
C10H9O4CI,  thns  :— 

GioHeOjCl,  +  H»0  =  CioH,04Cl  +  HCL 

This  nQW  acid  is  remarkable  for  the  ease  with  which  it  loses 
hydrogen  chloride,  and  is  oonverted  intg  the  compound  CwH^O^, 
thus : — 

CoHgOiCl  =  CwHsO*  +  HCl. 

This  change  takes  place  on  hieating  at  150°,  or  on  warming  with 
alkalis  or  reducing  with  zinc-dast  and  aeeido  acid,  and  also  on  heatiag 
with  methylamine  in  alcoholic  solution  in  a  sealed  tnbe.  In  order  to 
prevent  this,  the  carboxyl  group  was  protected  by  converting  the 
chloro-acid  into  its  methyl  salt,  CioHa(CH^OiGl.  This  methyl  salt, 
when  heated  with  methylamine  in  alcohol  solution  at  130^  for  six 
hours,  and  the  product  boiled  with  alcoholic  potash,  is  almost  quanti- 
tatively converted  into  oxyhydnuitiniue,  thus: — 

CH,<g>C.H.<COOCH.^j  +  2NH..CH.  = 

CH,-NH„HC1  +  CH,<Q>CH,<^y^.pg»  jjjj.j,g^  =s 

CH.<g>OJ..<^^,g^*  +  CH.OH. 

QxyfaydvattiBixie. 

The  substance  thus  obtained  melts  at  98**,  and  is  identical  with 
oxyhydi*astiiiine,  and  the  synthesis  of  this  compound  from  (t>>amido- 
ethyipiperonylcarbctxylic  acid  affords  canclusive  pi*oof  that  the  consti- 
tutioual  formulas  given  above  to  this  substance  and  its  derivatives  are 
fonect. 

An  examination  of  these  formuIsD  shows  also  that  berberine  is  an 
isoquinoline  and  not  a  quinoline  derivative,  and  the  decomposition  of 
berberilic  acid  into  hempinic  acid  and  n^-amidoethylpiperonylcarbozylio 
acid  affords  evidence  that  this  alkaloid  must  be  closely  related  to 
papaverine,  hydrastine^  and  narcotine  (p.  1004). 

As  berberine  is  an  isoquinoline  denvative,  the  statement  of  Bern- 
heimer  {Oazzetta^  13,  342)  that  berberine,  when  fused  with  potash, 
yields  quinoline  cannot  be  correct ;  it  is  probable  that  the  substance 
which  he  obtained  was  isoquinoline. 

Constitution  qf  B&rberilic  Acid  and  AnhijidroherberiUc  Acid. 

As  berberilic  acid  is  a  bibasic  acid,  and  as,  on  hydrolysis,  it  yields 
hempinic  acid  and  ci^-amidoethylpiperonylcarboxylio  acid,  its  constitu- 
tion must  be  represented  by  the  formula 
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CEfi  O— CH^ 

CHjO/NoOOH      C00lb/N6 

AnhydroberberOio  acid  is  a  monobasio  acid^  and  is  derived  frcan 
berberUio  acid  by  the  elimination  of  one  molecale  of  water;  its 
formula  is  therefore 

CHjO  O—CHj 

K}  CONCHtfCH,  IJ 

Additional  proof  of  the  correctness  of  these  formnlss  is  afEorded  by 
the  synthesis  of  anhydroberberilic  acid. 
This  interesting  synthesis  is  readily  accomplished  by  heating  the 
•  hemipinate  of  ci;-amidoethylpiperonylcarboxylic  acid,  which  is  formed 
by  evapomting  mixed  aqueoiiis  solutions  of  hempimc  and  itMhmido- 
ethylpiperonylcarboxylic  acids.  This  reaction  iff  readily  understood 
with  the  aid  of  the  following  ec^uations : — 

CHsOn.  p  XT  ^^^\         COOHx.  p  TT  ^*^0n.  pxr      I    OTT  n 

In  Part  I  of  this  research  (loc  cit,  pp.  78  and  84)  two  substances 
are  described  which  have  the  same  formula  as  berberilic  acid. 

One  of  these  compounds  melts  at  140 — 141**,  and  is  very  closely 
related  to  berberilic  acid,  becaase,  when  heated  to  180°,  it,  like  ber- 
berilic acid,  is  quantitatively  converted  into  anhydroberberilic  acid ; 
as,  however,  berberilic  acid  melts  at  about  180®,  it  would  seem  that 
the  two  acids  are  isomeric  and  not  identical. 

The  melting  point  of  berberilic  acid  is,  however,  lowered  to  an  un- 
usually marked  degree  by  the  least  trace  of  impurity,  and  it  is  there- 
fore necessary  that  further  experimental  data  should  be  forthcoming, 
before  the  isomerism  of  the  two  acids  can  be  considered  as  proved. 
It  ia»  nevertheless,  interesting  to  note  that,  theoretically^  two  sub- 
stances of  the  formula  OjsUisNOg  are  possible,  both  of  which  on 
heating  would  be  converted  into  the  same  anhydroberberilic  acid  i  and 
there  seems  to  be  no  reason  why,  by  slightly  altering  the  conditions 
of  formation  or  hydrolysis,  the  acid  isomeric  with  berberilic  acid 
might  pot  be  formed. 

The  constitution  of  one  of  these  isomeric  acids  would  be  represented 
by  the  formula  given  above  for  berberilic  acid ;  the  second  acid  would 
have  the  oonstitution  represented  by  the  formula 
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CH,0  >^«^«<^  CO  OH  ^NH-C  Hj-CH,-^  U±1i<;q>U±1,. 

The  other  sabstance  of  the  formnla  CwH^NO.  (loc.  cit.,  p.  84)  melts 
at  178^179**,  and  is  decomposed  bj  warm  dilute  sodium  carbonate 
into  hemipinic  add  and  w-amidoethylpiperonylcarhoxylic  anhydride. 
This  substance  must,  therefore,  be  considered  as  the  acid  hemipinate 
of  w-amidoethylpiperonylcarboxylic  anhydride,  and  its  constitution  is 
therefore : — 

CH^O.prf    .COOH    CO ^rTT^O..p„ 


Examination  of  Berberal,  CteHpNOT. 

The  experiments  on  the  constitution  of  berberal  were  rendered  ex- 
tremely difficult,  from  the  fact  that  this  substance  is  only  produced  in 
very  small  quantity  in  the  oxidation  of  berberine ;  about  10  grams 
of  pure  substance  was  obtained  from  1  kilo,  of  berberine  hydrochloride. 

The  preparation  and  some  of  the  properties  of  berberal  have  already 
been  given  in  Part  I  of  this  research  (pp.  81,  82),  and  it  was  there 
stated  that  this  substance,  although  insoluble  in  alkalis  in  the  cold, 
was  apparently  converted  into  the  potassium  salt  of  an  acid  by  dis- 
solution in  potassium  hydrate.  In  following  up  ihis  reaction,  it  was 
found  that,  when  treated  with  alcoholic  potash,  berberal  yields  three 
substances,  namely :  u^-amidoethylpiperonylcarboxylic  anhydride 
(C10H9NO31)  ;  an  acid  CioHjoOs  (m.  p.  121°),  and  a  neutral  substance 
CaoHj^N'Qs  (m.  p.  149**)  ;  these  are  formed  according  to  the  following 
equations : — 

C»H„N07  +  H2O  =  CwHijlSrOe, 
CaoHi^Os  =  CioHjNO,  -h  CioHioOfi. 

As  the  constitution  of  w-amidoethylpiperonylcarboxylic  anhydride 
has  already  been  proved  (p.  997),  there  is  no  further  need  of  discuss- 
ing this  compound  here. 

The  acid  C10H10O6  is  a  monobasic  acid  forming  salts  of  the  formula 
CloH90^M' ;  it  shows  the  following  behaviour  with  reagents :  (a)  When 
treated  with  hydrogen  iodide  in  Zeisel's  apparatus,  results  were 
obtained  which  proved  that  the  acid  contained  two  methoxyl  groups. 
(6)  Fusion  with  potash  converts  the  acid  into  proiocatechuic  acid  ;  but 
if  caustic  potash  solution  (sp.  gr.  1'4)  is  employed,  and  the  acid  simply 
digested  with  this  in  a  reflux  apparatus,  veratric  acid  (m.  p. 
177 — 178*)  and  apparently  also  formic  acid  are  produced,  thus : — 

C10H10O5  -h  2K0H  =  (CH,0)  AHsCOOK  +  HCOOK  +  H,0. 
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(c)  When  subjected  to  the  action  of  hjdroxylamine,  an  oxime, 
CioHnNOs,  is  produced.  This  melts  at  about  124°,  but  at  once 
becomes  solid  again,  and  then  does  not  again  melt  until  the  temperature 
is  raised  to  213**.  Fuither  experiments  showed  that  this  behaviour 
was  due  to  the  formation  of  hemipinimide : — 

gg:g>C.H.<gg>NH. 

This  decomposition  is  represented  by  the  equation 

(d)  It  is  readily  reduced  by  sodium  amalgam,  being  converted  into  an 
acid,  which  when  precipitated  from  its  alkaline  solution  by  the 
addition  of  mineral  acids  and  recrystallised  from  water,  loses  1  mol. 

of  water,  with  formation  of  pseudomeconine,  rj  u'q ^^6H2<C  nci^^- 

These  experiments  prove  conclusively  that  the  acid  CioH,o05  has 
the  constitution  represented  by  the  formula  I,  and  it  thus  bears  a  very 
close  relationship  to  opianic  acid^  II — 


CH30 

CH,0 

CH,0  /N  COH 

1 

CHjO  /\  COOH 

.     J  COOH 

.J  COH 

I. 

II. 

This  relationship  is  brought  out  in  a  most  interesting  way  by  a 
parallel  study  of  the  reactions  of  the  two  substances ;  for  instance, 
both  are  monobasic  acids;  both  contain  two  meihoxyl  groups  in 
the  ortho- position ;  both,  on  reductions  yield  meconines,  and  with 
hydroxylamine  both  yield  oximes,  which,  when  gently  warmed, 
are  converted  into  hemipinide.  The  acid  CioHioO^  may,  therefore,  be 
called  pseiuLopiamc  acid. 

The  hydrolysis  of  berberal  by  means  of  dilute  sulphuric  acid  was 
next  studied,  with  the  result  that  exactly  similar  decomposition 
products  were  formed  in  this  case  as  in  the  hydrolysis  by  means  of 
alcoholic  potash,  namely,  the  anhydride  CioH^NOs,  pseudopiauic  acid, 
and  the  neutral  substance  CmHuNOm. 

Owing  to  the  difficulty  of  obtaining  any  quantity  of  berberal,  and 
the  inadvisability  of  using  up,  for  purely  qualitative  experiments, 
the  small  stock  of  this  substance  available,  further  information  bear- 
ing on  the  constitution  of  this  compound  had  to  be  in  the  first  place 
obtained  indirectly. 

For  this  purpose  a  number  of  experiments  on  the  action  of  opianic 
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acid  (from  narootin^)  on  the  anhydride  doH^NOs  were  instit-ated 
and  it  was  found  that  if  these  two  compounds,  in  molecular  propor- 
tions, are  well  mixed  and  dissolved  in  boiling  water,  a  new  substance, 
CaoHigNOB,  crystallises  out  on  cooling ;  this  in  its  reactions  shows  very 
great  similarity  to  the  isomeric  substance  obtained  from  berberaJ, 
with  which,  however,  it  is  not  identical.  The  new  compound  is 
obviously  the  opianic  salt  of  the  anhydride  C10H9NO3,  and  its  consti- 
tution is  therefore  represented  by  the  formula 

CH,0.  p  „     COO-IjrH,-CH,-CH.  ^0^p„ 

CH.O>^'^<COH     60 >C.H,<Q>CH^ 

The  most  interesting  property  of  this  salt  is  that,  when  heated  at 
200%  it  loses  the  elements  of  a  molecule  of  water,  and  is  converted 
into  a  compound  0»Hi7!N'07  (m.  p.  186**),  which  is  isomeric  with,  and 
bears  the  strongest  resemblance  to  berberal,  fcKT  which  reason  I  propose 
to  name  it  isoherheroL 

The  constitution  of  this  compound  is  represented  by  the  formula 

CH,0>^«^»<COH    ho >C.H,<Q>CH^ 

These  experiments  were  next  repeated  with  pseudopianic  acid  instead 
of  opianic  acid,  with  the  result  that  exactly  similar  compounds  were 
obtained.  Pseudopianic  acid  and  the  anhydride  C10H9NO3  combine 
readily  in  aqueous  solution  with  formation  of  the  pseudopianic  salt  of 
the  anhydride  C10H9NO8.  This  substance  is  identical  with  the  com- 
pound CtoHisNOs,  which  is  obtained  by  the  action  of  alkalis  on 
berberal.  It  is  isomeric  with  the  substance  obtained  by  the  action  of 
opianic  acid  on  the  anhydride  CiJEL^NO^y  and  has  the  ooaetittttion 
represented  by  the  formula 

CHsO^cH^COH     CO N^rH^O^H 

CH,0>^»^'<COO-NH,.CH..CH>^'^^0>^^- 

The  relationship  between  these  two  substances  ifi  at  once  apparent 
from  a  comparison  of  their  constitutional  formnlaa. 

Just  as  the  opianic  salt  of  the  anhydride  CioH»N08,  on  heating  at 
180 — ^200^,  yields  isoherhercd,  so  this  corresponding  psendopianate, 
under  the  same  conditions,  is  converted  almost  quantitatively  into 
berberal.  Berberal  has  therefore  the  following  oonstitntional  for- 
mula:— 

CHjO  O— CHj 

CHaO  /\  COH     ^^00  /\  6    . 


CONCHjCH,  ! 
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The  synthesis  of  berberal  may  be  still  more  conveniently  accom- 
plished by  heating  an  intimate  mixture  of  psendopianic  acid  and  the 
anhydride  C10H9NO3,  in  molecnlar  propoi-tion,  at  200°  for  a  few 
minutes.  The  reaction  which  takes  place  under  these  circumstances 
is  the  following : — 

There  is  a  possibility  of  synthesising  berberine  from  bei*beral,  and 
if  this  were  to  succeed,  a  most  interesting  isomeric  alkaloVd  could  be 
obtained  from  isoberberal.    Experiments  on  this  point  are  in  progress. 

Oxyherherine,  CjoHnNOs. — This  substance,  which  is  formed  only  in 
very  small  quantities  by  the  oxidation  of  berberiue  under  the  condi- 
tions described  in  this  paper,  is  insoluble  in  alkalis,  bnt  combines 
with  strong  acids,  forming  salts ;  its  basic  properties  are,  however, 
very  much  less  marked  than  those  of  berberine  itself. 

Oxyberberine  is  a  tertiary  base,  incapable  of  forming  an  acetyl 
compound.  It  does  not  appear  to  combine  with  phenylhydrazine ;  it 
is  not  decomposed  on  boiling  with  alcoholic  potash  or  on  heating  with 
alcoholic  ammonia  at  150°. 

Diosfyberherine,  CmELn^Ot. — This  extremely  interesting  substance 
has  scarcely  any  basic  properties,  but  it  dissolves  in  warm  alcoholic 
potash,  forming  a  deep-red  solution;  this,  on  cooling,  deposits 
a  beautiful,  crystalline  potassium  salt,  OwHisNOrK,  which  is  decora- 
posed  by  acids  with  regeneratidn  of  dioxyl)erberine.  In  contact 
with  oxygen  or  air,  the  solution  of  the  potassium  salt  gradually  loses 
its  red  colour,  and  in  the  course  of  a  few  days  becomes  almost 
colourless ;  on  the  addition  of  acids  it  then  deposits  a  whit^  precipi- 
tate of  berberilic  acid.  This  remarkable  reaction  may  be  represented 
by  the  equation 

CwHisNOtK  -h  KOH  +  O,  =  O^HnNOgKa  +  H,0. 

Fnrther  experiments  will,  it  is  hoped,  throw  some  light  on  this 
very  peculiar  reaction. 

Constitution  of  Berberine. — Although  not  conclusively  proved  by 
the  above  experiments,  the  constitution  of  berberine  may  be  deduced 
with  a  considerable  amount  of  loert-ainty  from  the  results  obtained  in 
the  study  of  the  constitution  of  berberilic  acid  and  of  berberal. 

These  two  substanoes  hav«  the  following  constitutional  formnlss : — 

Berberilic  acid, 

CB,O-0  0-OCH, 

CSjOO     CCOOH       COOH*C     C-0 

HC     CCONHCHjCHjC     OH 

OH  CE 
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Berberal^ 

CHjOC  COCH, 

/\  /\    I 

CH3OC     CCOH       ^COC      C-O 

I        I  .--^         I       I         . 

HC      CCONCHj  CH,0     CH 

\/  \/ 

OH  CH 

From  an  examination  of  these  forranlaa,  it  is  readily  seen  tliat 
berberine,  C211H17NO1,  must  contain  the  following  groups  of  atoms : — 

CH3OC  COCHs 

/\  /\     I 

CHsOC      C— C  0— C     C-O 

II,  II, 

HO     0—0  — NCHjCHfC     CH 

\/  \/ 

CH  CH 

and  as  these  already  contain  Cm  His,  ^i  O4,  it  follows  that,  in  assig^ning 
a  constitutional  formula  to  berberine,  these  two  parts  must  be  united 
with  the  addition  of  one  atom  of  hydrogen  only. 

As  the  decomposition  products  of  berberine  are  in  many  respects 
very  similar  to  those  obtained  from  papaverine,  hydrastine,  and 
narcotine,  it  is  reasonable  to  suppose  that  these  four  alkaloids  are 
all  very  closely  related  in  constitution.  The  following  formulas  are 
generally  accepted  as  representing  the  constitution  of  papaverine, 
hydrastine,  and  narcotine : — 

Papaverine  (Goldschmiedt,  Monafsh.,  6,  667), 

CH  CH 
CHjOO  HC     0     COCHj 

^  ^       CH,0-C     CH  NO     C-( 


n;  ^  ^       CHjOC     CH  NO     COCH,, 

^     y-y^  HC     0 CH.— 0      CH 


CH 

Hydrastine  (Freund  and  Rosenberg,  Ber,y  23,  414), 

CHjCH 
CHjOO  H,C     0      OH 

/\  I    L    I 

CH,OC      0000       CH,N     C      CO    • 
HO     0 CH 0.,   COCH, 
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Nareatme  (Boser,  Annalen^  254,  35 7) » 

GH,CH 
CHgO-C.                        H,0     0     C-OCH, 
OHjOO     0000       CH,W     0     00. 
HC     C CH CH  COOH, 

These  alkaloids  are  all  built  upon  the  common  fonndation 

0    O 

0  O     0     0 

/\  III 

CO         N     0     O  , 

0     0—0 — 0     0 

0 

and  a  careful  studj  of  the  properties  of  berberine  and  its  deriratives 
leaves  scarcely  any  doabfc  that  this  group  of  atoms  or  one  very 
similar  occurs  also  in  berberine. 

With  this  point  in  view,  the  simplest  formula  for  berberine  would 
be 

CH,€H 

CH,0-0  H,0     0     CH         ^^T^^xn^"^  0. 

/\  III     .        -^  ^      ^ 

0H,O0     G-OH  N     0     00  > 

HO     0—0 0      (M)OH, 

CH 

Berberine,  when  reduced,  yields  tetrahydroherherine,  CaoH^iNOi. 
This  substance  is  a  tert)iary  base.  On  treatment  with  oxidising 
agents  (bromine,  iodine,  nitric  acid,  &c.),itis  very  readily  reconyerted 
into  berberine ;  its  constitution  cannot  therefore  be  derived  from  the 
abore  formula,  as  this,  on  reduction,  would  yield  a  compound  which 
would  contain  one  of  the  following  two  groups : — 

CH  CH 

HC     0  HC     0 

OCH,    NH  0  *                 /^OOH,    N     0 
I           \/\                         I             \/\ 
•CH CH  I      XOH, C 

A  substance  containing  the  former  would  be  a  secondary  base,  and  a 

VOL.  LYIU  3  Z 

Digitized  by^OOQlC 


1006  W.  H.  PERKIN,  JUN.,  ON  BERBERINE. 

compound  containing  the  latter  would  obyiouslj  not  be  reconrerted 
into  the  alkaloid  on  treatment  with  such  oxidising  agents  as  iodine. 

There  are,  howerer,  two  formulsB,  closely  allied  to  the  one  given 
above,  and  built  upon  a  very  similar  foundation,  which  account,  in 
a  satisfactory  manner,  for  all  the  known  reactions  of  berberine, 
namely  : — 

CHjOO  CHjOC 

0 — 0     CH  O — 0     OH 

0      C     CH  CH,00      0      C     CI 


I. 


CHjOC      0      C     CH  CH,OC      0      C     CH 

CHjOO     0      0     0  CHjOO     0 


H(i  <; 


\/> 


.        .  ,  11.  II 

N     CH,  HO      C 


CH  CH, 


CH  C 

I       I 
N     CH. 


CH  CH  CH,  CH  0      CH, 


and,  of  these,  formula  I  would  seem  to  be  the  more  plausible. 

Both  of  these  formulas  yield,  on  reduction,  the  same  tetrahydro- 
berberine  : — 

CHjOO 

(!) — (5     CH 


CHsOC     CH,  0     CH 
CHjOC     0     CH  0 
HO     C     N     CH, 
iCH, 


CH  CH,C~ 


This  formula  accounts  at  once  for  the  ready  way  in  which  tetra- 
hydroberberine  is  reconverted  into  berberine  on  oxidation,  as  is 
apparent  from  the  following  considerations : — 

In  the  first  place,  this  formula  contains  a  group  of  atoms  very 
similar  to  that  contained  in  hydranthracene, 

CH  CH,CH 

HO     0     O     CH 

I       I       I       I       , 
HO      0     0      CH 

ch<5h,oh 

and  this  substance,  on  oxidation,  is  converted  with  the  greatest  ease 

into  anthracene,  CeH4<Y    >0flH4. 

This  point  is  still  more  clearly  brought  out  from  the  comparison  of 
the  above  formula  for   tetrahydroberberine  with  that  of  dihydro* 
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acridine,*  CeHi-^T^rr  ^CaHi,  a  substance  whicli,  when  treated  even 

with  sncli  feeble  oxidising  agents  as  alcoholic  nitrate  of  silver,  loses 

two  atoms  of  hydrogen  with  formation  of  acridine,  CbH^<CX_J^C^^i* 

From  these  considerations,  it  would  appear  at  fii*st  sight  as  though 
tetrahjdroberberine,  CjoHsiNO^,  should,  on  oxidation,  lose  onlj  two 
atoms  of  hydrogen  with  formation  of  a  substance  of  the  formula 
C«,H„N04. 

Tetrahydroberberino  is,   however,   a  derivative  of  tetrahydroiso- 
qninoline, 

OH  CH, 

HO     0      CH, 

A  '-  J- 


HC     C     NH 
CH 


—  CH, 


This .  substance  has  lately  been  prepared  by  Hoogewerff  and  Van 
Dorp  (Recueil  des  iravaux  chvmiques  des  Fays-Bat,  6,  310),  and  has 
been  found  to  be  readily  oxidised  even  by  nitrate  of  silver,  but  the 
products  of  the  oxidation  have  not  yet  been  studied.  On  the  other 
hand,  tetrahydroquinoiine, 

CH  CH, 

HC     0     CH, 

ill. 
HO      C      CH, 

CH  NH 

which  is  very  closely  related  to  tetrahydroisoquinoline,  is  readily 
oxidised  by  bromine  or  dilute  chromic  acid  solution  to  quinoline  and 
its  derivatives. 

It  is  interesting  to  note  that  berberine  itself  contains  a  dihydroiso- 
qninoline  group,  and  the  presence  of  this  group  accounts  for  the  fact 
that  the  alkaloid  reduces  nitrate  of  silver,  and  is  so  readily  attacked 
by  oxidising  agents. 

It  is  hoped  that  further  experiments,  which  are  in  progress,  ^ill 
SDCceed  in  removing  the  two  hydrogen  atoms ;  and  that  in  this  way 
the  mother  substance  of  berberine,  that  is, 

may  be  obtained. 

:   *  See  also  dihydrophenylftcridine  (Bemtlisen,  AnnaUHf  804,  26),  and  methjl- 
hydrophuiylacridine  (BernthBen,  Bender,  £er,,  Id,  1816). 

3x2 
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ABsnmmg  formulft  I  (p.  1006)  to  represent  the  constitation  of 
berfoerine,  the  constitution  of  oxyberberine  and  dioxyberberine  is 
readily  understood  from  the  following  formnlsd : — 

These  formul89  explain  the  general  character  and  reactions  of  thcHe 
substances,  and  give  a  clear  insight  into  the  processes  which  take 
place  in  the  production  of  these  compounds  from  berberine,  and  in 
the  subsequent  splitting  up  of  the  central  oxidised  ring  with  forma- 
tion of  berberal  and  anhydroberberilic  acid. 

The  dioxyberberine  formula  also  explains  the  fact  that  this  sub- 
stance, on  treatment  with  alcoholic  potash,  yields  a  potassium  salt  of 
the  formula  CaoHigNOiK ;  this  would  have  the  constitution 

It  is,  however,  difficult  to  account  for  the  conversion  of  this  salt  into  a 
salt  of  berberilic  acid  by  the  absorption  of  oxygen  in  alkaline  solution. 
With  the  introduction  of  each  oxygen  atom  into  the  molecule  of 
berberine,  the  basic  nature  of  the  substance,  and  at  the  same  time  the 
intensity  of  its  colour,  decreases,  until,  as  soon  as  the  central  ring  is 
split,  as  in  the  case  of  berberal  and  anhydroberberilic  acid,  the 
derivatives  become  colourless,  and  show  no  appreciable  basic  pro- 
perties. On  the  other  hand,  the  methoxy-groups  and  the  methylene- 
dioxy-group  appear  to  have  little  influence  on  the  tinctorial  property 
of  berberine,  because  other  alkaloids,  such  as  nai*cotine  and  hydr- 
astine,  which  are  somewhat  similarly  constituted,  and  contain  the 
same  number,  or  even  more,  of  such  groups,  are  colourless.  The 
group  of  atoms  which  appears  to  impart  to  berberine  its  intense  yellow 
colour  and  tinctorial  properties  is  the  strongly  basic  group 

CH  C      CH 
HC     O      0     CH 


CH  C 


I 
CH 

/ 


CH  CH  CH 

which  is  absent  in  the  colourless  alkaloids  papaverine,  hydrastine, 
and  narcotine.  This  group  does  not  appear  to  have  yet  been  inves- 
tigated ;  but  there  are,  on  the  other  hand,  a  number  of  substances 
which  contain  groups  of  atoms  very  closely  allied  to  this,  aad  it  is 
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intereBiing  to  note  that  the  salts  of  such  substances,  like  those  of 
berberine,  are  intensely  yellow.  The  following  instances,  taken  from 
a  large  number,  will  illustrate  this  point. 

The  whole  series  of  acridive  deriyatives  which  contain  the  group 

CH  CH  CH 

HC     C      C     CH 


HO 


i 


CH 


CH  N     CH 


although  sometimes  colourless  themselves,  invariably  yield  intensely 

yellow  salts. 

CHCH 

a^PhenyUa^naphihaquinoUne^  CioH«<    ' 1     ^  _  ,  which  contains 

ri-..0 — OeOs 

the  very  similarly  constituted  group. 


CH  CH  OH 


0  CH 

1  I     , 
0     CH 


CH  CH  N 

is  yellow,  and  its  salts  are  also  intensely  yellow.  These  instances 
might  be  multiplied  to  a  considerable  extent.  It  appears  there- 
fore that  the  formula  proposed  for  berberine  is  in  harmony  with  the 
fact  that  the  alkaloid  is  so  intensely  yellow.  In  Part  I  of  this 
research  (loc,  cit.^  p.  88),  a  substance  is  described,  which  resxdts  from 
the  action  of  hydriodic  acid  on  berberine,  and  which  was  termed 
berberoline.  This  compound  (of  which  the  sulphate  was  analysed) 
was  then  thought  to  have  the  composition  Ci8HiiN02(0H)a.  It  is, 
however,  evident  that  this  formula  cannot  be  correct,  as  it  is 
obviously  produced  from  berberine  by  the  elimination  of  the 
methylene  and  the  methyl  groups,  thus  : — 

C,oH„N04  +  4HI  =  Oi,H,N(OH)4  -f  CHA  +  2CH8L  , 

The  analysis  already  given  agrees  well  with  the  new  formula. 
The  constitution  of  berberoline  is  represented  by  the  formula 


HO 
HO 


>^'^'<CH-N.CH..CH>^'^^<OH- 


In  the  experimental  part  of  this  paper,  a  number  of  substances 
are  described,  some  of  which  afford  additional  evidence  as  to  the 
constitution  of  berberine,  others,  at  first  sight,  appear  to  have  little 
connection  with  this  problem ;  but  it  must  be  borne  iu  mind  that 
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these  new  compounds  were  prepared  and  examined  at  a  time  when 
very  little  was  known  as  to  the  constitntion  of  the  alkaloYd,  and  wheu 
their  examination  appeared  likely  to  give  important  clnes  to  tha 
nature  of  the  Tarions  complicated  sabstanoes  which  were  obtained 
from  time  to  time. 

I  cannot  conclude  this  part  of  the  paper  without  expressing  my 
thanks  to  Mr.  Bertram  Prentice  for  the  very  valuable  assistance 
which  he  rendered,  especially  in  the  preparation  of  the  large  amount 
of  material  nece.ssary  for  these  experiments. 


Oxidaiio7i  of  Berherine  with  Potassium  Permanganate. 

In  continuing  the  investigation  of  the  action  of  potassium  perman- 
ganate on  berberine,  special  care  was  taken  that  the  berberine 
hydrochloride  employed  was  pure,  so  that  no  doubt  should  exist  thai 
all  the  substances  subsequently  obtained  were  actually  derived  from 
berberine  itself,  and  not  from  a  small  quantity  of  some  other  alkaloid 
admixed  therewith. 

Commercial  berberine  hydrochloride,  obtained  from  Merck,  in 
Darmstadt,  was  first  recrystallised  from  water,  then  dissolved  in 
water,  and  the  solution  boiled  wifch  a  small  quantity  of  pure  pre- 
cipitated calcium  carbonate  for  a  few  minutes ;  the  liquid,  originally 
of  a  yellow  colour,  is  rendered  distinctly  brownish  by  this  treatment, 
but  the  filtered  solution,  on  cooling,  deposits  long,  light  brown 
needles  of  almost  pure  berberine  hydrochloride,  and  these,  after  well 
washing  and  drying  on  a  porous  plate  for  some  days  at  the  ordinary 
temperature,  gave  the  following  numbers  on  analysis : — 

I.  0*1484  gram  substance  gave  0*0806  gram  HjO  and  0*2950  gram 
CO.. 
0*5249  gram  substance  heated  with  nitrate  of  silvei*  and  nitric 

ao.id  in  a  sealed  tube  gave  0*1592  gram  AgCl. 
0*3354  gram  substance  gave  9*5  c.c.  N. ;  ^  =  16° ;  bar.  =  740  mm. 
II.  0*1956  gram  snbstance  gave  0*1058    gram  H^O  and  0*3884 
gram  00,. 

Found. 

Theory.  > * ^ 

C«H,;N0,HC1  +  4H,0.  I.  II. 

C 54*13  per  cent.  54*21  54*15  per  cent. 

H 5-86        „  603  6*03 

CI 7-98        „  7*62           — 

N 316        „  3*21           — 

Although  the  crystals  obtained  by  this  treatment  are  slig^tty 
brownish,  this  method  of  purification  was  almost  always  employed. 
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Recrystallisation  firsb  from  dilate  alcohol,  and  then  from  yeiy  dilate 
hydrochloric  acid,  entirely  removes  the  brownish  tinge,  and  the 
crystals  have  then  a  finQ  yellow  colour  and  satiny  Instre.  In 
inrestigating  the  products  formed  by  the  oxidation  of  berberine  by 
potassium  permanganate,  the  following  were  the  quantities  usually 
employed : — 

Berberine  hydrochloride 7  grams. 

Potassium  permanganate 9      „ 

Dry  potassium  carbonate 1     „ 

In  those  cases,  however,  where  an  increased  yield  of  some  one  of 
the  oxidation  products  was  desired,  these  quantities  were  varied, 
proportions  more  favourable  to  the  formation  of  that  particular 
product  being  employed,  as  will  be  mentioned  in  the  description  of 
the  individual  substances.  The  berberine  hydrochloride  was  dis- 
solved in  about  half  a  litre  of  water,  at  a  temperature  of  about  70**, 
the  potassium  carbonate  added,  and  then  the  strong  hot  solution  of 
the  permanganate,  in  half  a  litre  of  water,  run  in  moderately  rapidly^ 
either  drop  by  drop,  or  in  a  very  fine  stream  from  a  tap  funnel. 
The  product  from  a  large  number  of  such  operations  was  well 
cooled,  treated  with  sulphurous  anhydride  (as  explained  in  Part  I, 
p.  77),  and  Uius  separated  into  a  yellow,  flocculent  precipitate 
and  a  yellowish -coloured  solution.  The  treatment  of  the  precipitate 
was  as  follows  : — The  yellow,  amorphous  mass  was  thoroughly  washed 
by  grinding  up  with  water,  filtering  through  cloth,  and  squeezing ; 
this  operation  being  repeated  at  least  three  times,  and  the  washiugfl 
always  added  to  the  original  solution.  The  precipitate,  which,  after 
drying  on  a  porous  plate,  amounts  to  about  40  per  cent,  of  the  ber- 
berine hydrochloride  used,  was  treated  with  dilute  sodium  carbonate 
solution,  substantially  in  the  same  way  as  previously  described 
(Part  I,  pp.  77-78),  and  thus  separated  into  two  portions : — 

I.  Soluble  in  Sodium  Carbonate. — ^This  contains  the  acid 
GfoHisNOs  (a-berberilic  acid),  and  a  certain  amonnt  of  the 
substance  CaoHnNOe  (anhydroberberilio  acid).  Both  of  these 
compounds  have  been  already  described  (Part  I,  pp.  78-80). 
II.  Insoluble  in  Sodium  Carbonate. — This  portion  is  further 
resolved  by  boiling  with  acetic  acid  into  anhydroberberUic 
acid,  CaoHnNOg  (see  p.  1037);  berberal,  C20H17NO7  (see 
p.  1062)  ;  and  berberine  hydrogen  sulphite,  CjoHiTNOijHaSOj 
(see  p.  1097). 

The  solution,  which  in  bulk  frequently  amounted  to  150 — 200 
litres,  was  rapidly  evaporated  in  large,  flat,  enamelled  iron  pans, 
until  its  volume  had  been  reduced  by  about  one  half.     Daring  the 
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evaporation  a  qnantitj  of  a  yellow,  flocculent  substanoe  separated, 
consisting  for  the  most  part  of  inorganic  salts,  bat  containing  also, 
as  examination  showed,  a  considerable  quantity  of  organic  matter. 
This  precipitate  was  collected  on  cloth  bags,  washed  with  water, 
transferred  to  a  large  evaporating  basin,  and  gently  wanned  with  a 
considerable  bulk  of  5  per  cent,  hydrochloric  acid;  qnantities  of 
snlphnrous  anhydride  were  evolved,  and  the  greater  part  of 
the  snbstance  went  into  solation.  The  insoluble  matter  was  ool* 
lected,  washed  with  water,  and  treated  with  very  dilate  hydrochloric 
acid,  until  the  resulting  yellow  mass  contained  only  traces  of  inorganic 
matter.  This  crade  substance  contains,  besides  varying  quantities 
of  anhydroberberilic  acid,  two  new  compounds,  CfoHnNOf  (oxyber- 
berine,  p.  1086)  and  CjoHjiNOe  (dioxyberberine,  p.  1087)  ;  the  methods 
of  separation  of  these  are  given  on  pp.  1083-4. 

The  liquors  from  which  this  insoluble  matter  had  been  separated 
were  again  concentrated  to  half  their  bulk,  allowed  to  cool,  the 
inorganic  salts  which  separated  discarded,  and  the  evaporation  care- 
fully continued  until  slight  decomposition  took  place,  as  shown  by 
rapid  discoloration  accompanied  by  empyreumatic  odours.  The 
liquor  was  transferred  to  large  bottles,  and  extracted  at  least  20 
times  with  ether,  the  separation  of  the  two  liqt^ids  being  effected  by 
syphoning  off  the  aqueous  layer.  The  colourless  ethereal  solution, 
which  has  a  strong  blue  fluorescence,  was  evaporated  in  a  large 
flask,  and  the  semi-solid  residue  (about  35  grams  from  each  kilo,  of 
berberine  hydrochloride  used),  which  contains  the  substance 
CwHisNOg  (see  Part  I,  p.  84),  hemipinic  acid,  and  other  products 
was  treated  as  follows  : — About  f  litre  of  hot  water  was  added,  the 
whole  heated  on  a  sand-bath  for  five  minutes,  with  sufBcient  sodium 
carbonate  to  make  the  solution  decidedly  alkaline,  and  the  liquid 
rapidly  filt'Cred  through  a  jacketed  funnel.  A  small  quantity  of  a 
dirty  grey,  insoluble  substance  (see  p.  1094)  which  contained  hemi- 
pinic anhydride  was  left  on  the  paper. 

The  alkaline  solution  on  cooling  deposited  a  considerable  quantity 
(about  13 — 14  grams)  of  beautiful,  leafy  crystals  of  a  new  substance, 
CioH«NOa(»-amidoethylpiperonylcarboxylic  anhydride),  an  exhaustive 
examination  of  which  is  given  on  p.  1013.  The  filtrate  from  these 
crystals  was  concentrated,  allowed  to  stand  48  hours,  so  as  to  com- 
pletely deposit  any  further  quantities  of  the  anhydride,  CtoH^NOn 
filtered,  acidified  with  dilute  hydrochloric  acid,  and  gently  warmed. 
A  small  quantity  of  a  greyish  substance  which  contained  a  new  acid, 
CsoHisNOs  (berilic  acid),  remained  undissolved,  and  was  removed  by 
filtration  (see  p.  1091). 

The  filtrate  from  this  was  repeatedly  extracted  with  ether,  and  the 
ethereal  solution  evaporated,  when  a  quantity  of  a  yellowish  semi- 
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solid  mass  remained.  This  contains  hemipinic  acid,  CioHioOe,  and 
Hydrastic  acid,  CvHeOt;  the  method  of  separation  and  purification 
of  these  acids  is  given  on  p.  1095. 

The  original  concentrated  solution  which  had  been  extracted  with 
ether  contains,  besides  the  balk  of  the  inorganic  salts,  large  quantities 
of  organic  matter,  which  appears  to  consist  for  the  most  part  of 
hemipinic  acid,  together  with  yarjing  quantities  of  the  anhydride, 
CioHfNOs,  mentioned  aboye. 

The  examination  of  these  liquors  is  given  on  p.  1105«  A  long 
series  of  operations  such  as  those  involved  in  the  sepai'ation  of 
the  numerous  oxidation  products  of  berberine  is  difficult  to  follow 
i'rom  mere  description,  and  I  have  thought  that  it  might  facilitate 
reference  if  the  methods  employed  were  summarised  in  tabular 
form  (p.  1014). 

The  following  pages  contain  a  detailed  examination  of  the  sub- 
stances obtained  from  berberine  by  oxidation,  as  explained  in  the 
preceding  pages. 

W'Amidoethylpiperonylcarhoxylic  Anhydride^ 
CwH^O,  =  OH,<^>C.H,<^^  ~g^ . 

The  crude  product,  the  preparation  of  which  is  given  on  p.  1012,  is 
readily  purified  by  recrystallisation  from  boiling  water,  and  is  thus 
obtained  in  beautiful,  colourless  plates,  which,  after  drying  at  100°, 
gave  the  following  results  on  analysis : — 

I.   0-1196  gram  substance  gave  0  0554  gram  H,0  and  0*2753 
gram  COs. 
01476  gram  substance  gave  9*1  c.c.  N ;  <  =r  17 ;  bar.  =  740  mm. 
IL   0-1370  gram  substance  gave  00600  gram  HaO  and  0*3143 
gram  COs. 

Found. 

Theory.  ^ * v 

Ch>H»NO,.  I.  II. 

C   62*82  per  cent.  62*77        62*56  per  cent. 

H 4-71        „  5*16  4*79 

N 7-33        „  7*23  — 

This  beautiful  substance  melts  at  181 — 182**;  when  rapidly  heated 
in  small  quantities  in  a  test  tube,  it  distils  with  only  slight  decom- 
position, and  the  oily  distillate,  on  cooling,  solidifies  to  a  mass  of 
colonrless  plates.  It  is  very  sparingly  soluble  in  cold,  but  readily  in 
hot  water,  the  hot  solution,  on  cooling,  depositing  beautiful,  very 
^characteristically  shaped  crystals,  often  grouped  together  in  masses 
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very  mach  resembling  tbe  teeth  of  a  saw.     These,  when  examined 
under  the  microscope,  present  the  following  appearance : — 
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It  is  yery  readily  sol  able  in  warm  methyl  alcohol;  the  warm 
solation,  on  slowly  cooling,  or,  better  still,  ou  spontaneous  evapora- 
tion, deposits  well-formed,  tabular  crystals,  which  have  a  beautiful 
lustre.  When  examined  under  the  microscope,  these  are  seen  to 
have  forms  almost  exactly  similar  to  those  drawn  above,  the  only 
difference  being  that  the  crystals  from  methyl  alcohol  were  single 
examples  and  very  well  shaped,  twins  being  almost  entirely  absent. 

The  anhydride  CioHqNOs  is  also  readily  soluble  in  ethyl  alcohol 
and  in  boiling  benzene,  xylene,  or  toluene,  extremely  soluble  in 
chloroform  and  acetic  acid,  sparingly  in  ether,  and  almost  insoluble 
in  light  petroleum.  It  crystallises  from  hot  benzene  in  long,  flat,  ill- 
shaped  plates.  Its  hot  dilute  aqueous  solation  gives  no  precipitate 
with  mercuric  chloride,  but,  on  cooling,  beautiful,  colourless  needles 
of  a  double  compound  separate.  These  are  readily  soluble  in  boiling 
water. 

With  a  solution  of  phosphomolybdio  acid,  an  aqueous  solution  of 
the  anhydride  CwHgNOs,  acidified  with  hydrochloric  acid,  even  when 
very  dilute,  gives  a  yellowish-white  precipitate,  which  dissolves  appre- 
ciably in  boiling  water. 

The  anhydride  G10H0NO3  is  insoluble  in  caustic  potash  solution, 
even  on  boiling;  it  dissolves  readily  in  strong  acids,  forming  salts, 
which,  however,  are  very  unstable,  and  could  not  be  obtained  in  a 
state  fit  for  analysis.  From  hot  dilute  acids,  the  substance  crystallises 
unchanged. 

Fusion  of  the  Anhydride  CioH^NOs  with  Potash, — Although  it  is  not 
dissolved  on  boiling  with  strong  solutions  of  potassium  hydrate,  the 
compound  is  readily  decomposed  by  fusion  with  potash.  It  first  of 
all  melts  to  an  oil,  ammoiiiacal  vapours  are  given  ofp,  and  in  a  short 
time  a  clear,  slightly  brownish  melt  is  formed.  This  is  soluble  in 
wai^r,  producing  a  purplish  solution,  which  changes  colour  in  the 
way  so  characteristic  of  a  proiocatechuic  acid  melt,  and  on  acidifying 
a^d  extracting  with  ether,  a  semi-solid  mass  is  obtained,  which  shows 
ike  ferric  chloride  and  other  reactions  of  catechol  or  protocatechuic 
aoid,  and  probably  consists  of  a  mixture  of  both  these  substances* 


Digitized  byCjOOQlC 


1016        W.  H.  PERKIN,  JUN.,  OX  BERBERIXB. 

Attempts  to  obtain  a  Methyl  Derivative  of  the  Anhydride  CioHgNO». — 
Ab  already  mentioned  in  the  Introduction,  the  substance  C10H9NO3  ii 

closely    related    to    oxyhydrastinine,    CHa<^>CeHa<         "Ltt    ^' 

and  numerous  experiments  were  made  with  the  object  of  converting 
the  former  into  the  latter  by  treatment  with  methyl  iodide  under 
very  varied  conditions.  The  following  is  a  short  account  of  these 
experiments : — 

1.  The  finely  powdered  substance  CioH«N'Os  was  heated  for  four 

hours  with  a  large  excess  of  methyl  iodide  in  a  flaak  con- 
nected with  a  reflux  apparatus.  The  methyl  iodide  was 
then  distilled  off,  and  the  residue  recrystallised  from  water. 
The  ciystals  obtained  melted  at  182 — 183*,  and  cocsisteJ  of 
unchanged  substance. 

2.  The  substance  GioH^NOs  was  dissolved  in  alcohol  and  heated  at 

100°  with  excess  of  methyl  iodide  in  a  sealed  tube  for  five 
hours.     No  action  took  place. 

3.  2  grams  of  the  substance  C10H9NOS  was  dissolved  in  a  solution 

of  0*6  gram  of  caustic  potash  in  pure  methyl  aloohoVt 
2  grams  of  methyl  iodide  added,  and  the  mixture  heated  in 
a  sealed  tube  at  100°  for  five  hours.  On  cooling,  a  quantity 
of  the  unchanged  substance  separated,  and  from  the  solution 
the  remainder  was  readily  obtained  by  distilling  oS.  the 
alcohol  and  adding  water. 
4  1*2  grams  of  the  substance  C10H9NO3  was  dissolved  in  a  sola- 
tion  of  sodium  methoxide  (containing  2  grams  of  sodium) 
and  heated  with  8  grams  of  methyl  iodide  at  140°  for  five 
hours.  The  clear  solution  was  evaporated,  the  residue  dis- 
solved in  a  little  cold  water,  acidified,  and  extracted  with 
ether.  A  yellowish  oil,  readily  soluble  in  water,  was  ob- 
tained ;  the  solution  gave  with  ferric  chloride  a  dark-green 
coloration,  showing  that  decomposition  of  the  methylene- 

dioxy-gix)up,  CHs^q,  had  taken  place  (see  footnote,  p,  996). 

Acetyl'tti-amidoethylptperonylcarhoxylic  Anhydride^ 
C^,.N0.  =  0H.<8>aH.<^°;.^g-«^)  „ 


CH.<0>C*<«^2^>J^. 


In  order  to  prepare  this  substance,  the  pure  anhydride  C|oH«NO, 
was  dissolved  in  acetic  anhydride  and  the  solution  boiled  for  fbnr 
hours  in  a  flask  connected  with  a  reflux  apparatus.    The  excess  of 
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aceiic  anhydride  and  acetic  acid  was  distilled  off  nntil  only  a  small 
qnantity  of  liquid  remained,  and  this  on  cooling  almost  completely 
solidified  to  a  cake  of  crystals.  These  were  collected,  well  drained 
on  a  porous  plate,  dried  at  110°,  and  analysed,  with  the  following 
result : — 

01578  gram  substance  gave  0*0692  gram  HtO  and  0*3590  gram 

CO,. 

Theory. 
Cii'EuTiO^.  Found. 

C 61-80  per  cent.  6204  per  cent. 

H 4-72        „  4-87 

This  acetyl  derivative  crystallises  from  acetic  anhydride  in  colour* 
less  needles  which  melt  at  128 — 130°.  It  is  readily  hydrolysed  on 
boiling  with  acids  or  alkalis,  and,  ia  order  to  farther  prove  its  con- 
stitatioD,  a  weighed  quantity  was  hydrolysed  and  the  amount  of 
acetic  acid  produced  estimated. 

1*1086  gram  substance  was  boiled  with  30  per  cent,  snlphuric  acid 
until  completely  dissolved,  and  the  liquid  distilled,  with  the  addi- 
tion of  water  when  necessary,  until  the  distillate  no  longer 
showed  acid  reaction. 

The  distillate  required  for  complete  neutralisation  497  c.p.  of 
standard  potassium  hydrate  solation  (1  c.c.  of  which  =  0  00697  c.c. 
aoetic  acid).  0*2967  gram  of  acetic  acid  was  therefore  produced, 
=  26*76  per  cent.  CwHuNOi  on  hydrolysis  should  yield  25*75  per 
cent,  of  acetic  acid. 

Ami(hethylbr(>rru>p%per(mylcarh(>xylic  Anhydridey 

CABrNO,  =  CHBr<g>C^,<CH*.S/-^- 

When  treated  with  bromine,  the  anhydride  doHjNOj  is  readily 
attacked,  one  atom  of  bromine  replacing  one  atom  of  hydrogen  in  the 
molecule,  forming  a  compound  of  the  formula  CioHeBrNOs.  As  the 
bromine  atom  in  this  compound  is  very  readily  removed  by  nitric  acid 
and  silver  nitrate,  it  can  scarcely  be  situated  in  the  benzene  ring,  and  it 
is  probable  that  the  substitution  takes  place  in  the  methylene  diozy- 
group,  and  that  the  compound  has  the  constitutional  formula  given  to  it 
above. 

The  compound  CioHsBrNOj  is  readily  prepared  by  exposing 
finely -powdered  ft^-amidoethylpiperonylcarboxy  lie  anhydride,  CioH^Os, 
(p.  1013)  to. the  actipn  of  a  large  excess  of  bromine  vapour,  under  a 
liell  jar,  in  direct  sunlight.  After  standing  for  two  days,  the  original 
white  powder  has  become  converted  into  a  dark-brown  syrnp;  this, 
on  exposure  to  a  current  of  air,  loses  its  excess  of  bromine,  yielding^ 
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an  ochre-colon  red  mass.  This  crade  snbsianoe  is  best  purified  hy 
Repeated  recrysiallisation  from  boiling  amy  I  aloohol,  from  whiok  it  is 
dex>08ited  on  cooling  in  light-yellow,  feathery  crystals;  theae,  after 
."washing  first  with  amyl  aloohol  and  then  with  methjl  aloohol  and 
drying  at  106*^,  gave  the  following  resnlts  on  analysis : — 

'    0*2003  gram  substance  gave  00564  gram  H^O  and  0*8294  gram 
CO.. 
0*2240  gram  substance,  heated  with  nitrio  acid  and  silver  nitrate  in 
a  sealed  tube  at  130— 140^  gave  0  1543  gram  AgBr. 

Theory. 
CioHaBrNOj.  Found. 

C •     44*44  per  cent.  44*85  per  cent. 

H 2-97        „  3-12 

Br 29-63        „  29*38 

The  bromo-derivative  melts  at  238-:-240°.  It  is  readily  solnble  in 
chloroform,  in  boiling  acetio  acid,  and  in  amyl  alcohol ;  moderat/Iy 
soluble  in  hot  xylene  and  alcohol,  sparingly  in  carbon  bisulphide, 
benzene,  and  light  petroleum.  It  ciysiallises  from  amyl  alcohol  or 
xylene  in  slender,  pale-yellow  needles.  It  is  readily  decomposed  by 
nitric  acid  and  silver  nitrate  at  ordinary  temperatures,  with  separa- 
tion of  silver  bromide. 

Nitrosoamidoetliylpiperonylcarboxylic  Anhydride, 
C„H,N(NO)0,  =  CH,<g>CA<^^^.J^^^. 

When  treated  with  nitrons  acid,  the  anhydride  CioH^NOs  (p.  1013) 
behaves  as  a  secondary  base,  yielding  a  >%ell-defined  and  very  charac- 
teristic nitlt)so- derivative  according  to  the  equation 

■f  HA 

In  preparing  this  substance  the  following  quantities  were  found  to 
give  good  results : — 

C10H9NO3  (finely  powdered) 3  grams. 

Hydrochloric  acid  (sp.  gr.  1*1) 100  c.c. 

Water 75   „ 

Solution   of    sodium   nitrite  containing   10 

grams  NaNOa  in  100  c.c.  water 15  „ 

The  substance  doHgNOs  is  first  dissolved  in  the  hydrochloric 
aoid  (this  being  readily  accomplished  by  warming  gently  on  a  water- 
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batli),  the  water  is  then  added,  tlie  solution  rapidly  cooled  to  20*,  and 
lastly,  tlie  nitrite  solution  is  run  in,  the  flask  being  well  cooled  during 
the  operation.  The  first  few  drops  of  the  nitrite  cause  the  solution 
to  acquire  a  deep  reddish-brown  colour;  this,  however,  soon  dis- 
appears, and  is  succeeded  by  the  separation  of  a  yellow,  amorphous 
precipitate,  which  ultimately  causes  the  liquid  to  become  quite  thick. 
The  whole  operation  must  be  quickly  performed,  otherwise  the  sub- 
stance C10H9NO3  is  apt  to  crystallise  out  of  the  hydrochloric  acid,  and 
thus  escape  the  action  of  the  nitrous  acid. 

After  standing  for  some  time,  the  precipitate  is  collected,  washed 
several  times  with  water,  dried  on  a  porous  plate,  and  recrystallised 
oncid  or  twice  from  alcohol.  The  pure  substance  is  thus  obtained  in 
long,  deep-yellow  needles,  which  on  analysis  gave  the  following 
numbers : — 

0'1575  gram  substance  gave  0*0580  gram  H%0  and  03150  gram 

CO2. 
0-1003  gram  substance  gave  10'7  c.c.  N;  <  =  17° ;  bai\  =  760  mm. 

Theory. 
C,oH8N(NO)Oa.  Found. 

C 54)' 54  per  cent.  54'55  per  cent. 

H 3-63        „  404 

N 12-73        „  12-70 

This  interesting  substance  crystallises  from  alcohol  in  beautiful, 
long,  glistening,  yellow  needles  or  four-sided  prisms  which  melt  at 
194 — 195**  with  decomposition.  It  is  readily  soluble  in  boiling 
alcohol,  chloroform,  and  benzene,  almost  insoluble  in  water  or  light 
petroleum,  and  very  sparingly  soluble  in  bisulphide  of  carbon.  The 
solubility  of  this  compound  in  solvents  is  very  much  influenced  by  its 
condition,  the  amorphous  substance  being  far  more  readily  dissolved 
than  the  crystalline  variety.  It  is  insoluble  in  acids  and  alkalis  in  the 
cold,  but  it  dissolves  readily  in  warm  dilute  sodium  hydrate  solution 
with  evolution  of  nitrogen  and  formation  of  a  salt  of  u^-hydroxyethyl- 
piperonylcarboxylic  acid,  thus  : — 

0H.<g>0A<^^|^™  +  N.OH  = 

^^«<:0>^«^»<CH,-CH,-OH    +  ^'V 

a  decomposition  which  is  described  in  detail  on  p.  1020. 

The  least  trace  of  the  nitroso-derivative,  when  treated  with  phenol 
and  two  drops  of  sulphuric  acid,  gives  a  red  solution,  which,  on 
the  addition  of  excess  of  dilute  alkali,  changes  to  a  beautiful  blue 
(Liebermann's  nitroso- reaction). 
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The  nitroBo-compound  seems  to  be  readilj  reduced  in  alcoholio 
solution  by  tin  and  hydrochloric  acid,  the  ori^i^inal  jellow  solation 
becoming  almost  colourless.  No  attempts  were  made  to  isolate  the 
redaction  product. 


W'Hydroxyethylptperonylcarboxylie  Acidy  CioHioOs  = 
0H,<2>CeH,<ggJJg^.Qjj,     and     Us    Anhydride,     CioHeO*   = 

As  mentioned  in  the  last  paragraph,  the  nitroso-deriyatiTe, 
CioH6N(NO)03,  is  readily  decomposed  by  boiling  with  alkalis  with 
evolation  of  nitrogen,  and  formation  of  a  salt  of  a  new  acid,  GioHioO». 
The  latter,  on  the  addition  of  an  acid,  is  precipitated  in  the  form  of 
blender,  white  needles,  which  are  somewhat  difficult  to  purify  on 
accoant  of  the  ease  with  which  they  are  conyerted  into  the  inner 
anhydride  CioHgOi,  thus : — 

The  best  results  were  obtained  by  employing  the  criide  amorph« 
ous  nitroso-compouud,  as  obtained  directly  by  the  action  of  sodium 
nitrite  on  the  hydrochloric  acid  solution  of  the  substance  doHgNO, 
(see  p.  1019),  as  this  is  much  more  readily  acted  on  by  alkalis  than 
is  the  crystalline  product. 

The  yellow  precipitate  is  well  wa9hed,  mixed  with  a  considerable 
quantity  of  water  (3  grams  of  nitroso-compound  to  lOO  c.c.  of  water), 
transferred  to  a  porcelain  basin,  sufficient  sodium  hydrate  added  to 
make  the  liquid  very  distinctly  alkaline,  and  the  whole  gently  heated 
on  a  water  bath.  In  a  short  time  decomposition  sets  in,  and  the 
nitroso-compound  rapidly  disappears,  considerable  quantities  of 
nitrogen  being  evolved.  The  product,  if  not  quite  clear,  is  filtered, 
well  cooled,  acidified  with  hydrochloric  acid,  and  allowed  to  stand  for 
about  half  an  hoar.  The  white,  crystalline  precipitate,  which  consists 
of  the  nearly  pure  acid  CioHioOs,  is  collecti^d  and  well  washed  w^th 
small  quantities  of  water,  care  being  taken  to  preserve  all  the 
aqueous  solutions,  as  these,  when  extracted  with  ether,  yield  further 
quantities  of  the  acid.  The  purification  of  the  acid  CioHioOs  is  best 
accomplished  by  first  converting  it  into  its  anhydride,  CuiSJO^ 
recrystaliising  this  several  times,  and  then  reconverting  the  pure 
anhydride  into  the  acid  by  dissolving  it  in  alkali,  and  reprecipitating 
with  hydrochloric  acid. 

For  this  purpose,  the  crude  acid  is  dissolved  in  t)ie  least  possible 
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quantity  of  boiling  water,  the  solutioa  gentlj  boiled  for  about  five 
minutes,  and  rapidly  filtered  through  a  jacketed  funnel.  The  hot 
liquid,  on  cooling,  deposits  beautiful,  glistening,  colourless  crystals 
of  the  anhydride  CioHsOa,  which  by  recrystallisation  from  water  ai-e 
readily  obtained  pure.  For  analysis,  the  substance  was  dried  at 
105^ 

I.  0*1582  gram  substance  gave  00614  gram  HjO  and  0-3620  gram 

CO,. 

II.  01418  gram  substance  gave  0*0540  gram  H3O  and  0*3252  gram 

COa. 

Found. 

Theory.  f * . 

CoHbO^  I.  II; 

C 62*50  percent.        62*40    62-54  per  cent. 

H 4-17       „  4-81      423 

O 33-33        „  33^29    332^       „ 

This  anhydride,  CoHgO^,  melte  at  126—127°,.  and  distils  without 
decomposition  when  heated  in  small  quantities.  £t  is  readily  soluble 
in  boiling  water,  and  the  hot  solution  on  cooling  deposits  the  sub- 
stance in  the  form  of  beautiful,  glistening  crystals,  which,  however, 
as  a  rule,  are  ill-defined..  It  is-  sparingly  soluble*  in  cold  water,  and  is 
readily  extracted  from  itjs  solution  by  ether..  It  is,  further,  readily 
soluble  in  alcohol,  ether,  and  acetic  acid,  excessively  soluble  in  chloro- 
form.    It  dissolves  sparingly  in  cold  benzene  and  light  petroleum. 

The  anhydride  CioHa04  is  insoluble  in  alkaline  carbonates  in  the 
cold,  and  is  only  very  slowly  dissolved  on  boiling,  but  it  dissolves  in 
ammonia,  and  much  more  readily  in^  potassium  hydrate  solution  with 
formation  of  the  potassium  salt  o£  the- acid  C1OH1OO0, 

CH,<g>C^.<^^;?^^  +  KOH  =  Cm<g>C.H,<ggOJ^,^.Og. 

In  studying  this  reaction,  the  pure  anhydride  CioHsOi  was  ground 
up  with  a  little  water  into  a  thin  paste,  a  few  drops  of  a  clear 
solution  of  potassium  hydrate  added,  and  the  whole  gently  warmed 
until  complete  solution  had  taken  place.  The  solution  was  nearly 
neutralised  with  dilute  hydrochloric  acid,,  wtell  cooled,  an  excess  of 
acid  added,  the  white,  crystalline  substance  which  separated  collected, 
well  washed  with  water,  and  dried  on  a  porous  plate,  first  at  the 
ordinary  temperature  and  then  for  a  few  minutes  at  80*^. 

Analysis : — 

0*1199  gram  substance  gave  0*0528  gram  H2O  and  0*2510  gram 
CO2. 

VOL.  LVII,  3   I 
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Theory. 
CioHiqOs.  Found. 

C 67*14  per  cent,  67*09  per  cent. 

H ^H       ^,  4-87 

O 38-09        „  3804        „ 

w-Hydroxyetkylpiperenjlearboxylic  fbcid  melts  at  146%  and  is 
at  the  same  time  decomposed  into  its  anhydride,  CtoHsOi,  and  water. 
It  is  readily  solnble  'in  hdt  water,  but  sparingly  so  in  cold.  It  may 
be  recrystallised  from  warm  water  if  the  operation  be  quickly 
canned  out,  but  boiling  with  water  completely  decomposes  it,  and  the 
solution  on  cooling  deposits  iihe  pure  anhydride  CioHsOi.  The  acid 
is  readily  soluble  in  hot  and  cold  alcohol,  ether,  and  chloroform, 
but  only  sparingly  in  cold  benzene  and  light  petroleum.  The  dry 
substance  may 'l)e' heated  at  100^  for  some  time  without  undergoing 
much  decomposition,  but  at  a  i^eniperature  of  1 20 — 130''  it  rapidly 
liquefies,  and  is  soon  oompletely  converted  into  its  anhydride.  The 
acid  dissolves  very  readily  in  concentrated  solutions  of  hydrogen 
iodide  orlwnomide,  and  on  gently  warming  it  is  very  rapidly  converted 
into  the  anhydride,  which,  on  the  addition  of  water,  separates  in 
platps.     The  acid  does  not  combine  withliydroxylamine. 

The  dissociation  constant  for  the  electric  conductivity  of  the  acid 
CioHioOfi  at  different  concentrations  was  kindly  determined  by  Dr. 
Walker  and  foondto  be  K  =  0  0081.  The  acid  is  therefore  stronger 
than  benzoic  acili,  cmd  about  as  strong  ae  metabydroxybenzoic  acid  or 
orthomethoxybenzoic  acid. 

The  solution  of  the  pure  substance  in  dilute  sodium  carbonate  does 
not  decolorise  potassium  permangamtte  except  after  long  standing,  a 
proof  that  the  acid  is  not  unsaturated  (compare  Baeyer,  ilntuilen,  245, 
146).  An  aqueous  «olution  of  the  acid  is  not  precipitated  by  lead 
acetate,  neither  does  it  reduce  ammoniaoal  nitrate  of  silver  or  Fehling*B 
solution. 

JWton  of  the  Aoid  doHioOs  with  Fotask, — 1  gram  of  the  pure  sub- 
stance was  dissolved  in  concentrated  aqueous  potassium  hydrate,  the 
solution  evaporated  in  a  silver  basin,  and  heated  at  180"*  for  about 
10  minutes.  Water  was  added,  the  clear  solution  acidified,  and 
extracted  four  times  with  ether.  The  ethereal  solution,  on  evapora- 
tion, deposited  a  small  qaantity  of  a  light  brown  oil,  which  was  very 
soluble  in  water;  the  solution  gave  with  ferrio  chloride  a  deep 
green  coloration  and  other  reactions  characteristic  of  a  catechol 
derivative. 

Oxidation  of  the  Acid  C10H10O4. — A  large  number  of  experiments 
were  made  on  the  action  of  oxidising  agents  on  this  acid,  as  it 
appeared  probable  that  in  this  way  some  clue  to  its  constitution  might 
be  obtained.    2  grams  of  the  pure  substance  was  dissolved  in  dilate 
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sodium  hydrate,  and  a  yerj  dilute  solution  of  potaasium  perman- 
ganate (5  grams)  run  in  in  the  cold.  Oxidation  took  place  at  once  with 
formation  of  a  brown  solution,  but  no  hydrated  oxide  of  manganese 
was  precipitated  until  the  liquid  was  boiled.  The  product  was 
filtered,  the  clear  solution  evaporated  to  a  small  bulk,  and  acidified 
with  dilute  hydrochloric  acid.  A  white,  crystalline  precipitate  sepa- 
rated at  once,  which  weighed  1*2  grams,  and  consisted  of  the  pure 
acid  doHioOfi. 

Analysis : — 

0 1678  gram  substaAce  gave  0'0740  gram  HaO  and  0*3514  gram 
CO.. 

Theory. 
GmHioOs.  Found. 

C 57^14  per  cent  57'11  per  cent. 

H 4r77        „  4-89 

The  filtrate  from  these  crystals  was  repeatedly  extracted  with 
ether,  and  on  evaporating  the  ethereal  solution  a  colourless  oil 
remained  which  solidified  on  standing  ;  on  recrystallisation  from 
water,  it  melted  at  126'',  and  consisted  of  the  anhydride  CioH^Oi.  No 
other  prodact  could  be  isolated.  It  is  probable,  therefore,  that  the 
oxidation  completely  destroys  part  of  the  substaace,  leaving  the 
remainder  untouched.  This  experiment  was  repeated  several  times 
under  the  most  varied  conditions,  but  always  with  the  same  result. 

Negative  results  were  also  obtained  on  using  dilute  nitric  acid, 
iodine  and  sodium  carbonate,  and  chromic  acid  as  oxidisers. 

Salts  of  HydrcmyethyipipercMylcarhoxyUc  Acid. 

In  order,  in  the  first  place,  to  determine  the  basicity  of  this  acid, 
the  pure  anhydride  was  dissolved  in  excess  of  standard  potassium 
hydrate  solution,  a  trace  of  phenolphthale!n  added,  and  the  solution 
neutralised  with  standard  sulphuric  acid : — 

0*63  gram  of  substance  required  for  neutralisation  33*8  c.c.  of 
standard  potassium  hydrate  solution,  containing  in  1  c.c.  0  005461 
gram  KOH ;  the  amount  required  for  neutralisation  was  therefore 
0"185  gram  KOH.  This  proves  that  the  acid  is  monobasic,  as  on 
this  assumption  0184  gram  KOH  would  be  required  for  neutralisa- 
tion. 

Silver  Salty  doHsOsAg. — The  preparation  of  a  sample  of  this  salt 
pure  enough  for  analysis  was  attended  with  considerable  difficulty. 
The  preparation  which  gave  the  best  results  was  obtained  by  dis- 
solving the  acid  in  a  slight  excess  of  ammonia,  removing  the  excess 
by  allowing  the  solution  to  stand  over  sulphuric  acid  until  nearly 
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neutral,  and  then  precipitating  the  slightly  alkaline  solution  by 
nitrate  of  silver.  The  white,  crystalline  precipitate  was  well  washed, 
and  dried  on  a  porons  plate  over  solphnric  acid  under  reduced 
pressure.  » 

Analysis : — 

0-2651  gram  substance  gave  00720  gram  H,0,  0-3730  gram  COty 
and  0-0894  gram  Ag. 

Theory. 

OioHgOtAg.  Found. 

C 37-85  per  cent.  3834  per  cent. 

H 2-84        „  302 

Ag 3407        „  33-72 

Other  analyses  gave  similar  results,  the  carbon  and  hydrogen 
determinations  being  always  too  high,  the  silver  determination  too 
low ;  in  one  or  two  cases,  the  silver  was  found  as  low  as  30 — 31  per 
cent.  The  explanation  of  this  is  that  the  silver  salt  always  contained 
small  quantities  of  the  anhydride  doHsOi,  and  it  is  extremely 
probable  that  perfectly  accurate  numbers  might  be  obtained  by 
dissolving  the  acid  in  dilute  potassium  hydrate  solution,  neutralising 
with  dilute  nitric  acid,  and  then  precipitating  with  silver  nitrate 
(compare  Salts  of  Berberilic  Acid,  p.  1049).  The  silver  salt  is  crystal- 
line, and  moderately  soluble  in  hot  water. 

A  moderately  dilute  solution  of  the  ammonium  salt  showed  the 
following  behaviour  with  reagents : — 

Copper  Sulphate, — ^A  dark  green  precipitate  readily  soluble  in  hot 
water. 

Lead  Acetate, — A  white  precipitate  readily  soluble  in  hot  water. 

Zinc  SuJphate. —         1 

Cadmium  Chloride,—  >No  precipitate. 

Barium  Chloride, —    J 

The  potassium  salt  may  be  obtained  in  long  needles  by  dissolving 
the  anhydride  CioHe04  in  a  warm  and  strong  solution  of  pure 
potassium  hydrate,  and  allowing  the  clear  solution  to  cool  slowly. 

The  methylamine  salt  was  prepared  by  dissolving  the  pure  acid  in  a 
slight  excess  of  an  aqueous  solution  of  methylamine,  and  allowing 
the  solution  to  evaporate  over  sulphuric  acid  under  reduced  pressure. 
A  thick,  oily  residue  was  obtained  which  slowly  crystallised.  This 
salt  was  prepared,  because  it  was  thought  very  probable  that  on  dry 
distillation  it  would  yield  oxyhydrastinine  and  water,  thus : — 

rvr  ^O-sP H  ^COONH,CH,  _  p^  ^0>.  p  „     CO- N-CH, 

+  2HaO, 
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ft  decompoBitioQ  which  wonld  be  of  considerable  theoretical  interest. 
The  salt  was  rapidly  distilled  from  a  small  retort,  quantities  of  steam 
and  methylamine  were  evolved,  and  an  oilj  distillate  was  obtained, 
which,  on  cooling,  solidified  to  a  hard  cake  of  crystals.  These,  after 
recrystallLsation  from  water,  melted  at  126^,  and  showed  all  the 
properties  of  the  anhydride  doHsO^,  and  no  trace  of  ozyhydrastinine 
could  be  isolated. 


tO'Hydrwtt^thylbromdpiperanylcarhoesyl'ic  acid, 
CioH^BrO,  =  OHBr<Q>CeHa<Qg^,Qg^,Qg  (?), 

and  Us  Anhydride,  doHTBrO*  =  CHBr<^>C.H,<^^'  9       (?), 

The  bromination  of  the  anhydride  CioHgOi  is  readily  accomplished 
by  exposing  the  finely-divided  substance  to  bromine  vaponr  nnder  a 
bell  jar,  in  the  presence  of  direct  •sanlight.  After  standing  for  three 
days,  a  dark-brown  semi-solld  mass  is  obtained,  which  is  freed  from 
excess  of  bromine  by  exposure  to  a  current  of  air,  and  then  ground 
up  with  a  little  alcohol  in  a  mortar.  This  treatment  removes  a 
quantity  of  dark-colonred  impurity,  leaving  beliind  an  almost  colour- 
less powder,  which,  after  repeated  recrystallisation  from  alcohol,  is 
readily  obtained  pure  in  the  form  of  t;olourless  needles.  For  analysis, 
the  substance  was  dried  at  110°  : — 

0-2015  grain  substance  gave  00480  gram  HzO  and  0*3248  gram 

CO,. 
0*2340  gram  substance,  boated  in  a  sealed  tube  with  nitric  acid  and 

nitrate  of  silver  at  120 — 130*  for  four  hours,  gave  0'1C38  gram 

AgBr. 

Theory. 
C,oH7Bi04.  Found. 

C 44-28  per  ceut.  43'96  per  cent. 

H 2-47        „  2-64 

Br 29-52        „  29-76 

This  new  substance  melts  at  146—147**.  It  is  readily  soluble  in 
hot  benzene  and  hot  alcohol,  excessively  soluble  in  chloroform, 
moderately  so  in  carbon  bisulphide,  but  only  sparingly  in  light 
petroleum  or  water.  It  crystallises  from  alcohol  in  wooly  needles, 
from  carbon  bisulphide  in  hard  balls  of  needles.  It  is  insoluble  in 
alkalis  and  alkaline  carbonates  in  the  cold,  and  is  only  vory  slowly 
decomposed  even  on  long  boiling  with  sodium  hydrate  solution. 
Alcoholic  potash,  on  the  other  hand,  readily  dissolves  it  with  forma- 
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tion  of  the  potassium  salt  of  w-hjdroxyeihjlbromopiperonjlcarbox jlic 
acid,  thus : — 

2  grams  of  tke  pnre  compoiind  CioHyBrOi  was  mixed  with  a  little 
methyl  alcohol,  a  considerahle-Jezcess  of  methyl  alcoholic  poi-aA  added, 
and  the  whole  heated  to  boiling.  lu  a  short  time  the  ovystals  had 
entirely  dissolved,  bat  almost  immediately  afterwards  a  quantity  of  a 
white,  crystalline  substance  separated,  which  was  the  potassium  salt  of 
the  new  aeid  doH^i^O^-  Sufficient  hot  water  wsb  added  to  bring 
this  again  into  sohition,  the  liquid  boiled  to  expel  the  methyl  alcohol, 
and  the  well-eoded  solutiom  acidified  with  dilute  hydrochloric  acid.  The 
very  voluminous  amorphous  precipitate  Hhna  produced  was  collected, 
washed  with  water,  dried  (m  a  porous  plate,  and  dissolved  in  a  little 
boiling  80  per  cent,  methyl  alcohol.  This  solution  on  cooling  de- 
posited the  new  compound  in  th»  form  of  beautiful,,  colourless  needles, 
which,  after  wasiiing  with  methyl  aleohoi  and  drying  first  on  a  porous 
plate  and  then  fora  short  time  at  80^,  gave  the  foUowing^  numbera  on 


01654  gram  substance  gme  0^0480  gram  H,Q  and  02505  gram 

Theory. 
CioHgBrOs^  Found, 

C 4(1-52  per  cent.  41-31  per  cent. 

H .^11        „  3-27        „ 

This  acid  melts  at  14/6 — 147°,  and  is  at  the  same  time  decomposed 
into  water  and  the  anhydride  G»H7BrO«.  It  is  readily  soluble  in  hot 
alcohol,  but  is  almost  completely  deposited  on  cooling ;  it  is  sparingly 
soluble  in  beDsene,  light  petroleum,  chloroform,  and  hot  water, 
almost  insoluble  in  cc^d  water.  It  dissolves  very  readily  in  fuming 
hydriodic  acid,  but  not  in  fuming  hydrochloric  aci(L  It  dissolves  with 
great  ease  in  alkalis  and  alkaline  carbonates,  but  no  salts  have  been 
analysed.  The  potassium  salt  crystallises  from  water,  in  which  it  is  not 
very  soluble,  in  loDg,  slender  needles.  The  acid  doHgBrOs  dissolves 
readily  in  warm  concentrated  nitric  acid,  forming  a  deep-red  solution, 
which,  on  warming,  gets  darker  and  darker  until  ultimately  oxidation 
sets  in.  Water  precipitates  from  this  solution  a  salmon-coloured 
mass,  which  crystallises  from  alcohol,  in  which  it  is  sparingly  soluble, 
in  slender  needles ;  these  turn  dark  at  250^  without  melting.  This 
substance  contains  both  nitrogen  and  bromine  :  it  is  insoluble  in  oold 
potassium  hydrate,  but  on  warming  it  dissolves  forming  an  intense- 
Digitized  byCjOOQlC 


W.  H.  PERKIN,  JUN.,  ON  BERBERINB.  1027 

reddish- violet  aolation.     This  oomponnd  is  most  probably  u^hydroxy-, 
eihylbromonitropipcronylcarhoxylic  anhydride^  C]oH6Br(NOs)04. 

af^EydroosyethyJnitropvper<mylear&oQ»yivc  J^hytkrid&f 
C.oH,O^NO.)  =  CHKo>C.H(NO,)<p^.gg^. 

The  anhydride  CioHsOa  diBsolves  readily  in  coneentraied  nitric  acid^. 
forming  a  deep  reddisH*brown  solntion;  on  the  addition  of  water,  a 
yellow,  crystalline  precipitate  is  obtained,  which  consists  of  the  almost 
pare  nitro- com  pound..  THe  precipitate  was  collected,.  wasKed  with) 
water,  dissolved  in  boiling  water,  and  filtered  from  a  small  quantity 
of  iu  soluble  matter.  The  clear  solntion,  after  a  time,  deposited  long, 
thin,  yellowish  needles,  which,  after.well  washing  and  drying  at  100°, . 
gave  the  following  numbers  on  analysis : — 

01524  gram  substance  ga^m  0*04d0  gnim  H^Oand  0'284i0  granit 

CO,. 
0'1830  gram  substance  gvsre  9'^  c.o.  I^ ;  ^  =  18° ;  bar.  =  759  mm. . 


Throrv. 


\  Found. . 

C : .     50-63  per  cent;.  5082  per-fcent. 

H 2-96        „  313.        „.. 

N 5-90        „  617 

This  nitro-derivative  mdta-  at  197**. .  It  is  readily  soluble*  in  Hot 
water  and  alcohol,  but  only  8f>aTingly  in  these  liquida  in  tb#  cold.  It 
is  also  sparingly  soluble  in  bemcene  and  light  petroleum.  It  is  in- 
soluble in  sodium  hydrate  solution  in  the  cold,  but  on  warming  it 
dissolves,  forming  a  deep  yellow  solution,  which  rapidly  darkens, 
becoming  dark  brown  and  ultimately  of  a  beautiful  violet  colour.  Acids 
destroy  this  colour,  but  it  reappears  on  the  addition  of  an  alkali. 

tV'HydroxyethylcatecholcarhoxyUe  Anhydride, 

When  heated  in  sealed  tubes  with  dilute  hydrochlbric,iiydrobromic,' 
or  hydriodic  acid  at  180**,  or  with  distilled  water  at<  210^.w-hydroxy- . 
ethylpiperonylcarboxylic  anhydride,  CioHgOf,  is  decomposed,  a  deposit 
of  carbon  being  formed  on  the  sides  of  the  tube.  In  all  these  cases 
ether  extracts  from  the  filtered  solution  a  sticky  sr^tance;.  this-: 
dissolves  readily  in  water  and  gives  with  ferric  chloride  an  ihtense- 
green  coloration,  which  becomes  violet  and,  finally,  red  on  the  additionr 
of  sodium  hydrogen  carbonate.  This  behaviour  shows  conclusively 
that  the  anhydride  C10H8O4  must  be  a  derivative  of  catechol,  in  which 
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Hie  bydroxjl  hydrogens  are  sabstifcated,  probably  by  two  methyl 
gronps  or  by  the  methylene  group. 

In  order  to  determine  whether  methozy-gronps  were  present  in  the 
molecule,  0*2345  gram  of  the  substance  was  introduced  into  a  Zeisers 
apparatus  (Jf(ma^«/<.,  6,  995)  and  heated  with  hydriodic  acid,  but, 
even  after  tyro  hours,  no  trace  of  methyl  iodide  had  been  evolved,  as 
shown  by  the  fact  that  the  alcoholic  silver  nitrate  employed  remained 
perfectly  clear  throaghout.  This, proves  that  the  substance  GioHeOi 
contains  no  methoxy-group. 

As  all  atten^pts  to  isolate  the  product  of  the  reaction  from  the  re- 
sidual hydriodic  acid  solution  gave  unsatisfactory  results,  a  large 
number  of  experiments  on  the  action  of  hydrobromic  and  hydro- 
chloric  acids  on  the  anhydride  CioHgOi  4¥ere  made,  the  strength  of 
the  acids  and  the  temperature  of  the  decomposition  beiug  varied 
in  each  case.  It  was  soon  found  that  the  product  of  the  reaction 
could  only  be  satisfactorily  isolated  When  the  strength  of  the  acid 
(hydrochloric  acid  gave  the  best  results)  and  the  range  of  the  tem- 
perature were'  kept  within  narrow  limits.  Bycaref  uUy  observing  the 
following  conditions  excellent  results  were  obtained : — 

I  gram  of  the  aMiydride  CioHgOi  was  ground  up,  mixed  with  40  c.c. 
of  water,  lO  c.c.  of  orftinary  concentrated  hydrochloric  acid  (sp.  gr. 
11 68)  added, "and  the  mixture  heated  in  a  sealed  tube  for  five  hours 
at  170—175°. 

The  tobe,  which  on  cooling  opened  without  pressure,  was  found  to 
be  filled  with  light  flocks  of  charcoal,  most  of  which  adhered  firmly 
to  the  under  side  of  the  tabe.  These  were  €kered  off  and  the  result- 
ing almost  colourless  solution  extracted  «ix  times  with  pure  ether. 
The  ethereal  solution,  after  drying  over  ealcifum  chloride  and  eva{M>ra- 
ting,  deposited  an  almost  colourless,  crystalline  residue.  This  was  dis- 
solved in  a  small  quantity  of  hot  water,  thesolution  filtered  into  a  glass 
dish,  and  allowed  to  evaporate  to  a  small  bulk  over  sulphuric  acid  under 
reduced  pressure  at  the  ordinary  temperature.  After  standing  for  some 
time,  the  new  substance  separated  in  peculiar,  hard,  nodular  masses, 
which  were  collected,  washed  with  a  little  water,  and  dried  at  100^. 

The  analyses  gave  the  following  results  : — 

I.  01618  gram  substance  gave  0'0686  gram  HaO  and  0-354!2  gram 

CO,. 

.11.  0-1316  gram  substance  gave  00554  gram  H,0  and  0*2892  gi*am 

CO,. 

Found. 


V'S^- 

A — X 

C,H,0,. 

I. 

II. 

c 

60  00  per  cent. 

6971 

59-93  per  cent. 

n 

4-44        „ 

4-71 

^'^7        „ 

0 

3o-55 

3o'53 

35-40        „ 
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This  sabfitance  is  formed  from  the  anhydride  GioHgOi  by  the  simple 
separation  of  carbon,  thus :— 

cB.<8>o*.OH.=p-i8>oA<S;.g^. 

When  heated  in  a  capillary  tube,  it  becomes  soft  at  2  W^  and  melts, 
not  very  sharply,  at  220 — 22o°.  It  is  readily  solable  in  hot  and  cold 
water,  and  mnoh  more  so  than  either  of  the  substances  GioHsOa  or 
CioHioOt;  it  is  moderately  soluble  in  methyl  and  ethyl  alcohols, 
sparingly  in  benzene  and  chloroform.  It  dissolves  readily  in  cold 
dilute  caustic  potash  solution,  forming  a  .yellowish- coloured  liquid. 
Its  aqueous  solution,  with  acetate  of  lead,  gives  a  white,  amorphous 
precipitate,  soluble  in  much  hot  water ;  it  also  reduces  ammoniacal 
nitrate  of  silver  solution  and  Fehling's  solution  very  rapidly  in  the 
cold.  A  drop  of  ferric  .chloride  solution  added  to  the  aqueous 
solution  produces  at  once  an  intense  green  coloration,  which, 
on  the  careful  addition  of  sodium  hydrogen  carbonate,  gradually 
turns  violet  and  finally  deep  red.  The  decomposition  of  the 
anhydride  CioH804,  on  heating  with  dilute  hydrochloride  acid,  into 
C9He04  and  carbon  is  exactly  similar  to  the  change  which  p^peronylic 
acid  undergoes  under  like  conditions.  Fittig  and  Bemsen  (Annalen^ 
159,  139)  have  Bhown  that  this  acid,  when  heated  at  170"*  with 
dilute  hydrochloric  Acid,  is  converted  into  protocatechuic  acid,  with 
deposition  of  charcoal,  thus : — 

CH2<g>C.H3COOH  =  G  ^  5g>CeH3COOH. 

PiperoQjlio  acid.  Protocatechuic  acid. 

The  compound  CioH^O*  is,  therefore,  a  piperonyl  derivative,  and  the 
above  experiment  gav«  the  first  important  clue  as  to  4ihe  constitution 
of  this  substance  and  •its  derivatives. 

Action  of  Fhosphorus  Pentachloride  on  the  Anhydride  CioHsO^. 
W'ChlorethylpiperonylcarhoxyUc  Acid,  G10H9CIQ4  = 

<3HK:o>^«^«<CHaGHaGr 

In  order  to  o'btain  some  'further  dlue  to  the  constitution  of  the 
anhydride  GioHsOi,  a  very  careful  examinflition  of  the  action  of  phos- 
phorus pentachloride  on  this  compound  was  undertaken. 

2  grams  of  the  pure  dry  substance  was  dissolved  in  25  grams  of 
chloroform,  and  then  3  grams  of  powdered  pentachloride  of  phos- 
phoros  added.  Scarcely  any  action  took  place  in  the  cold,  but  on 
heating  on  a  water-bath,  considerable  quantities  of  hydrogen  chloride 
were  evolved.    The  mixture,  after  gently  boiling  on  a  reflux  apparatus 
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for  about  half  an  hour,  was  cooled,  2  grama  of  phosphorus  penia-. 
chloride  added,  and  the  heating  continued  for  another  half  hour.     The 
product  on  cooling  deposited  a  quantity  of  yellowish  crystals,  which 
readily  dissolved  again  on  warming.    These  crystals  seemed  to  consist 
of  the  acid  chloride, 

^H,<Q>Utl.<cH8-cH,Cl  • 

mixed  with  small  quantities  of  phosphorus  pentachloride,  but  although 
several  attempts  were  made  to  isolate  the  pure  substance,  no  very 
satisfactory  numbers  could  be  obtained  on  analysis.  That  this  acid 
chloride  is  contained  in  this  product  is  proved  by  the  decomposition 
which  it  undergoes  on  being  mixed  with  methyl  aJcohol  (see  p.  1033). 
In  examining  the  product  formed  in  the  above  reaction,  the  excess 
of  chloroform  was  distilled  oS^  the  resulting  brownish  oil  cautiously 
added  to  a  quantity  of  powdered  ice,  and  the  whole  allowed  to  stand 
until  the  phosphorus  oxychlortde  and  excess  of  pentachloride  had 
been  completely  decomposed.  The  liqpid  was  extracted  three  times 
with  ether,  the  ethereal  solution  washed  with  water,  dried  over 
calcium  chloride,  and  evaporated,  when  a  thick,  unpleasantly-smelling 
syrup  was  obtained  which  on  standing  solidified  almost  completely. 
The  crystalline  cake  was  weU  pressed  to 'remove  adhering  oily  matter, 
washed  with  a  little  80  per  cent,  methyl  alcohol,  and  dissolved  in 
a  small  quantity  of  boiling  chloroform.  From  this  solution,  the 
substance  separated  on  cooling  in  long, .thin,  colourless  needles,  which 
after  recrystallisation  wer&readily. obtained  pure. 

Analysis : — 

01714  gram  substance  gave  0^0624  gramiHaQ  and  0'3310  gram 

CO,. 
0*2149  gram  substance,  heatedf  in  a  sealed  tube  with  nitric  acid  and 

nitrate  of  pilver  at  180°  for  four  hours,  gave  04315  gram  AgCl. 

Theory. 

^lol^ACl.  Found. 

C 52'54  per  cent.  52*66  per  cent. 

H a-94        „  404 

CI 15-49        „.  1510 

This  substance  CloHsClOi  is  evidently  formed  from  the  anhydride 
C10H9O4,  as  shown  in  the  following  equations : — 

CH,<Q>C.H,<^^^^^jj^  +  PCI5  =  CH,<Q>C.Ha<j3g^.CH,Cl 

+  P0C1« 

^^»<0>^«^»<CH,Cfl»Cl  "^  ^*^  "^  ^^»<0>^*^''^CH,CH,C1 

+  HCl, 
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the  acid  chloride  first  formed  being  further  decomposed  on  ponring 
the  product  into  water.  The  substance  C10H9CIO4  crystallises  from 
chloroform  in  long,  thin,  prismatic  needles,  which  grow  to  a  consider- 
able length  if  the  solntion  is  allowed  to  cool  slowly.  It  melts  at 
1.58 — 159^  with  decomposition,  is  readily  aolnble  in  ether,  methyl 
and  ethyl  alcohols,  And  acetic  acid,  sparingly  in  water  and  cold 
chloroform.  This  latter  property  renders  the  separation  of  the 
chloride  from  any  nnchaqged  or  regenerated  anhydride  GioHeO^,  with 
which  the  crude  product  is  nearly  always  contaminated,  a  matter  of 
no  difficulty,  as  the  latter  la  excessively  soluble  in  chloroform. 

The  snbetance  deflfClOi  dissolves  readily  in  alkalis  and  alkaline 
carbonates.  When  heated  in  the  dry  state,  it  decomposes  at  about 
160"*,  with  evolution  of  hydrogen  chloride  and  formation  of  the  an- 
hydride C10H9O4,  thus : — 

a  reaction  very  similar  to  that  occurring  in  the  formation  of 
lactones  from  7-halogen  derivatives,  e.^.,  by  the  action  of  heat  on 
7-chlorobutyric  acid  (L.  Henry,  Compt.  rend^  101,  1158 — 1161). 
When  digested  with  alcoholic  potash,  the  substance  doHgClOi  is 
readily  decomposed  with  separation  of  potassium  chloride.  This 
reaction  was  studied  in  detail,  because  it  was  thought  possible  that 
an  unsaturated  derivative  might  result  containing  the  side  group 
CH:OH„thus:— 

+  KCl  +  H,0, 

a  decomposition  which  would  be  of  considerable  interest  as 
determining  the  exact  nature  of  the  side  chains  in  the  compound 
CioHsOi* 

1  gram  of  the  pure  chloride  was  added  to  an  excess  of  very 
strong  alcoholic  potash,  and  the  whole  boiled  until  the  deposition  of 
potassium  chloride  had  ceased.  The  product  was  mixed  with  water, 
heated  on  a  water-bath  until  free  from  alcohol,  well  cooled,  and 
acidi6ed  with  hydrochloric  acid.  The  crystalline  precipitate  was 
collected,  washed  with  water,  and  recrystallised  from  this  solvent ; 
when  colourless  needles  were  obtained  which  melted  at  126"*  and 
showed  all  the  properties  of  the  anhydride  CioHsO^. 

Analysis : — 

01 759  gram  of  substance  gave  00663  gram  HsO  and  0*4020  gram 
CO,. 
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Theory. 

CioHgO^,  Found. 

C 62-50  per  cent.  6239  per  cent. 

H 417        „  419 

The  regeneration  of  tbe  anhydride  G10H9O4  in  this  reaction  is 
easily  acconated  for  by  the  following  equation : — 

CHj<o>C«H2<Qg^.Qjj^Ql  +  2K0H  = 

On  acidif}4ng  with  hydrochloric  acid,  the  acid  CtoHioOs  is  precipi- 
tated, and  this,  on  recrystalTisation  from  water,  is  readily  converted 
into  its  anhydride,  doHaO*  (p.  1021). 

As  the  experiments  did  not  afford  any  clae  to  the  nature  of  the 
side  chains  in  the  anhjdiide  CioHgOi,  the  action  of  methylamine  on 
the  compound  doHgClOi  was  carefully  studied.  It  seemed  extremely 
probable  that  this  reaction  shoald  lead  to  a  synthesio  of  oxhydrastin- 
ine,  thus : — 

CH.<g>C.H,<gg%,ci  +  2CH,NH.  = 

CH,<g>C,H,<^^^^^2^^  +  CHi-NH^HCl  +  H,0. 

OzykydrastiDine. 

a  synthesis  which  would  at  once  proye  t^e  coastitution  of  the 
anhydride  CiuHsOa.  This  experiment  was  repeated  several  times 
under  the  most  varied  conditions,  and  great  care  was  taken  to 
exclude  every  trace  of  water,  but  in  all  cases  an  almost  quantitative 
yield  of  the  anhydride  G10H6O4  was  obtained,  the  methylamine  acting 
obvioasly  mnch  in  the  same  way  as  alcoholic  potash. 

Similar  results  were  obtained  in  experiments  on  the  reduction  of 
the  chloride  GioH»C104  with  sine  and  acetic  acid,  and  other  reducing 
agents ;  the  anhydride  CioHfOi  being  the  only  product  which  could 
be  isolated. 

Methyltc  w-ChlorethylpiperonylearhoxyUUe, 
CiiHaOiCl  =  0H2<Q>0eH,<Qjg^,Qg^Q|. 

This  important  substance  has  been  prepared  in  considerable  quan- 
tities for  use  in  a  number  of  synthetical  experiments.  It  can  be 
obtained  in  almost  quantitative  yield  in  the  following  way : — 5  grams 
of  the  anhydride  CioHgOi  are  dissolved  in  30  grams  of  chloroform. 
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10  giams  of  powdered  pentachloride  of  phosphorus  added,  and  the 
mixture  heated  to  boiling  for  half  an  hour  in  a  reflux  apparatus. 
The  condenser  is  then  removed,  the  chloroform  boiled  away,  and  the 
residual  thick,  oily  mass,  while  still  warm,  poured  in  a  thin  stream 
into  a  considerable  quantity  of  pure  absolute  methyl  alcohol,  the 
whole  being  well  cooled  during  the  operation.  As  soon  as  the  very 
energetic  reaction,  which  at  once  sets  in,  has  subsided,  the  bulk  of 
the  methyl  aloohot  is  distilled  off,  and  the  residue  poured  into  cold 
water.  The  white,  flocculent  precipitate  which  separates  is  collected, 
well  washed  with  water,  dried  on  a  porous  pFate,  extracted  with 
small  qaantities  of  boiling  methyl  alcohol,  and  the  solution  filtered 
from  a  small  quantity  of  a  white,  insoluble  substance.  After  distilling 
off  the  excess  of  methyl  alcohol,  the  hot  solution  deposits,  on  cooling, 
long,  beautiful,  colourless  needles  of  the  nearly  pure  methyl  salt. 
These  were  collected,  recrystallised  from  methyl  alcohol,  and  analysed 
with  the  following  results : — 

I.  01580  gram  substance  gave  0*0687  gram  H,0  and  0*3144 
gram  C0». 
01 530  gram  substance  gave  02570  gram  AgCl. 
II.  0*1517  gram  substance  gaye  0*0662  gram  HaO  and  03030 
gram  C02. 

Found. 

Theory.  , > ^ 

CjiHiiO^a.  I.  II. 

C 54*45  per  cent.     54*27        54*47  per  cent. 

H 4*54        „  4*82  4  84 

CI 14*61        „  14*79  — 

This  methyl  salt  is  obviously  produced  by  the  action  of  methyl 
alcohol  on  the  acid  chloride  produced  by  the  interaction  of  the  phos- 
phorus pentachloride  and  the  anhydride  CioHgOi,  thus  : — 

CHa<Q>CeH,<(,g^,pg^(,j  +  CH,-OH  = 

PIT  .^^V.p  TT  ^^COOCHj         .    irpi 
^ll2<o>UUa<Qu^.QH^Ql   +  HOI. 

The  pure  substance  melts  at  82 — 83*.  It  is  readily  soluble  in 
benzene,  light  petroleum,  methyl  alcohol,  and  chloroform,  sparingly 
in  water,  but  excessively  soluble  in  ether.  It  crystallises  best  from 
80  per  cent,  methyl  alcohol.  It  is  readily  hydrolysed  by  boiling  with 
alcoholic  potash,  with  regeneration  of  the  acid  C10H10O5. 

This  methyl  salt  is  of  considerable  value  from  a  theoretical  point 
of  view,  as  when  heated  with  primary  amines  it  yields  amido-deriva- 
tives,  which,  on  hydrolysis  with  alcoholic  potash,  arc  converted  into 
derivatives  of  isoquinoline,  thus : — 
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CH2<Q>C,H2<pg^.^^^'^j  +  2RNH,  = 

^rj   ^Ov^p  TT  /COOCH3  __ 

CH,<g>aH.<^^;||^  +  CH..OH. 

Thus,  when  heated  with  methylamine,  oxjhjdrastine  is  formed ;  a 
synthesis  which  at  once  proves  the  constitution  of  the  anhydride 
CioHgOi,  and  indirectly  that  of  the  substance  CioHjNOj  (see  Introduc- 
tion, p.  998).  Similarly  constituted  isoquinoline  deriyatives  have 
also  been  obtained  by  heating  the  methyl  salt  with  aniline  and  with 
ethylamine,  as  will  be  described  in  the  subsequent  chapters. 

OxyhydrasHrUne,  CnHnNO,  =  CH,<^CeH,<^2' J'^^». 

This  substance,  which  has  beem  proved  to  have  the  constitution 
assigned  to  it  above,  was  first  obtained  by  Freund  and  Will  (Per., 
20,  2401 ;  compare  Freund  and  Lachmann,  Ber.,  22,  2323)  by  the 
action  of  potassium  hydrate  oh  hydrastinine,  thus : — 

2CH2<Q>C,H,<pg^.Q2^.jjg,j,jj^  +  H,0  = 
Hjdrastiniiie. 

Oxjhydnwtinine. 

Hydrohydrattinine. 

It  may  be  obtained  synthetically  from  methylic  oi-chlorethylpiper- 
onylcarboxylate  by  the  action  of  methylamine  in  the  following 
way:— 

2  grams  of  the  methylic  salt  were  heated  in  a  sealed  tube  with  a 
strong  alcoholic  solution  of  methylamine  (prepared  by  passing  dry 
methylamine  into  absolute  alcohol)  for  three  hours  at  100 — 120**,  and 
then  for  three  hours  at  120 — 130®,  The  clear,  almost  colourless  pro- 
duct was  freed  from  excess  of  methylamine  and  from  alcohol  by 
evaporation,  and  the  residue  boiled  for  one  hour  with  a  strong 
alcoholic  solution  of  potassium  hydrate.  Water  was  added,  the 
alcohol  driven  o£E  on  a  water- bath,  and  the  product,  which  contained 
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oily  drops,  allowed  to  stand  for  48  honrs  in  a  cool  place ;  at  tbe  end 
of- this  time  it  was  foond  that  the  oily  drops  had  completely  solidified. 
The  hard,  crystalline  masses  were  collected,  washed  with  water,  freed 
from  a  trace  of  oily  impnrity  by  spreading  on  a  porons  plate,  and 
purified  by  recrystallisation  from  dilute  alcohol.  In  this  way  bean- 
tiful,  colourless,  glistening  plates  were  obtained  which,  after  drying 
first  oyer  sulphuric  acid  under  reduced  pressure  and  then  at  80^,  gave 
the  following  numbers  on  analysis : — 

01562  gram  substance  gave  0*0798  gram  HjO  and  08690  gram 

CO,. 
01366  gram  substance  gave  8-3  cc.  N ;  «  =  20° ;  bar.  =  740  mm. 

Theory. 
OnHijNO,.  Found. 

C 64-39  per  cent.  6443  per  cent. 

H 5-36        „  6-67 

N 6-83        „  6-80 

It  melts  at  97 — 98**,  and  is  identical  in  all  its  properties  with  oxy- 
hydrastinine. 

The  yield  of  this  substance,  obtained  in  the  above  reaction,  is 
almost  theoretical ;  but  a  very  small  quantity  of  an  acid  is  also  pro- 
duced at  the  same  time,  which  remains  dissolved  in  the  strong  alkali, 
and  may  be  extracted  by  ether  after  acidifying  with  hydrochloric  acid. 
It  was  not  further  examined. 

The  synthesis  of  oxyhydrastinine  from  methylic  a;-chlorethylpiper- 
onylcarboxylate  is  readily  understood  by  SH?bstituting  CHj  for  R  in 
the  general  equation,  p.  1034. 

Ethylamidoeth^lpiperony Icarhoxy  lie  Anhydride^ 

C„H.NO,  =  CH,<g>O.HKcH"  iaf'- 

This  may  be  prepared  by  the  action  of  an  alcoholic  solution  of 
ethylamine  on  methylic  lu-chlorethylpiperonylcarboxylate,  the  method 
being  similar  to  that  employed  in  the  synthesis  of  oxyhydrastinine. 
The  product  of  the  reaction,  after  boiling  with  alcoholic  potash  as 
described  above,  was  a  thick  oil  which,  <even  on  long  standing,  did 
not  solidify.  It  was  extracted  from  the  alkaline  liquors  with  pure 
ether,  the  ethereal  solution  washed,  dried  over  calcium  chloride 
carefully  filtered,  and  the  ether  evaporated.  The  residual,  almost 
colourless  oil  was  completely  freed  from  moisture  and  ether  by  stand- 
.ing  over  sulphuric  acid  under  reduced  pressure,  and  then  analysed 
with  the  following  result : — 

0-2264  gram  substance  gave  13-7  c.c.  N;  <  =  18";  bar.  =  746  mm. 
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Theory. 

CijHulSOs. 

6*39  per  cent. 


Found. 
6'80  per  cent. 


Ethylamidopiperonylcarbozylic'  anhydride  ia  a  colourless  oil  which, 
when  heated  in  small  qnantities,  distils  almost  nndecomposed.  The 
yield  obtained  in  the  above  synthesis  is  almost  qiaantitative,  and  the 
crude  product  evidently  nearlyr  pure. 

Phenylamidoethyilpiperonylcarbojeylic  Anhydride^ 
C..H.,NO,  =  CH.<g>C.H.<^' JJ^*. 

In  preparing  this  substance,  pure  methylic  w-chlorethylpiperonyl- 
carboxylate  was  dissolved  in  alcohol,  excess  of  aniline  added,  and  the 
mixture  boiled  in  a  reflux  apparatus  for  half  an  hour.  The  alcohol 
was  distilled  oif,  the  oily  residue  heated  at  170—180^  for  half  an  hour, 
and  the  resulting-  dark-coloured  mass  htydrolysed  by  boiling  with 
alcoholic  potash.  The  product  was  mixed  with  water,  the  alcohol 
and  excess  of  aniline  driven  off  by  distillation  in  a  current  of 
steam,  and  the  residual  liquid,  which  contained  a  dark-coloured, 
resinous  substance,  digested  for  five  minutes  with  very  dilute  hydro- 
chloric acid.  The  solid  substance  which  separated  was  collected, 
washed  with  water,,  and  ground'  up  in-  a  mortar  with  a  little  80  per 
cent,  alcohol.  In  this  way  a  quantity  of  a  dark,  resinous  substance 
was  removed,  leaving  a  brownish,  crystalline  mass;  this,  when 
dissolved  in  boiling  alcohol,  was  dieposited  in  beautiful  glistening, 
colourless  prisnus  as  the  solution  cooled ;  the  sepat*ation  is  very  much 
hastened  by  the  addition  of  a  crystal  of  the  crude  substance. 

The  analysis  gave  the  following  numbers : — 

01927  gram  substance  gave  9"1  c.c.  N;  i  =:  23'';  bar.  =  746  mm. 


N.. 


Theory. 
CuHxaNOs. 

5*24  per  cent. 


Found. 
5^2^  per  cent. 


This  substance  melts  at  157**.  It  is  very  soluble  in  hot  alcohol, 
benzene,  and  xylene,  sparingly  in  water,  cold  alcohol,  light  petroleum, 
and  carbon  bisulphide,  and  exceedingly  soluble  in  chloroform.  Beau- 
tiful crystals  are  obtained  by  allowing  the  solution  in  benzene  to 
evaporate  spontaneously;  these  have  the  following  forms  : — 


^J 
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Anhydroherheriltc  Acid, 

This  important  compound  is  tbe  principal  constituent,  of .  the  yellow 
precipitate  obtained  by  the  oxidation  of  berberine.  with  potassium 
permanganate  and  subsequent  treatment  with  «salpbusous  anhydride, 
as  described  on  p.  1011.  The  methods. employed  in  the  isolation 
and  purification  of  this  substance  are  -given  in  Parti  of -this  research 
(loc.  cit.,  pp.  79  and  80). 

Even  after  repeated  recrystallisatibn  from  ncetic  acid,  anhydrober- 
berilic  acid  is  almost  always  slightly  discoloured  by  the  presence  of  a 
very  small  quantity  of  a  yellowish  impurity  which  can.,  only  be  com- 
pletely removed  with  difficulty.  On  several  occasions  a  beautifully 
pure  product  has  been  obtained  by  recryjBtallising  the  crude  compound, 
first  from  large  quantities  of  alcohol  and/ then. from,  glacial  acetic 
acid. 

An  analysis  confirmed  the  formula  previously. arrived  at  as  repre- 
senting the  composition  of  this  substance  : — 

0-1860  gram  substance  gave  00742  gram<H2Q  and  0*4095  gram 

CO2. 
02248  gram  substance  gave  71  c.c.  N  ;  i  =- 16* ;   bar.  =  740  mm. 

Mean  of  previouB 
analyses. 

59*84  per  cent. 

4-47        „ 

3-54        „ 

Anhydroberberilic  acid,  when  quite  pure,-  is  colourless,  and  has  a 
most  beautful,  satiny  lustre.  It  is  very  sparingly  soluble  in  alkalis 
and  alkaline  carbonates  in  the  cold,  but  when  in  a  very  finely-divided 
state  (as  obtained  by  grinding  with  water)  it  dissolves  readily,  even 
in  alkaline  carbonates  at  a  temperature  of  30 — 40"*,  and  is  reprecipi* 
tated  unchanged  on  the  addition  of  an  acid.  It  therefore  has  acid 
properties,  and  is  not  a  neutral  substance,  as  was  at  first  thought  to  be 
the  case.  In  addition  to  the  properties  already  given  in  Part  I  of 
this  research,  may  be  added  that  anhydroberberilic  acid  is  not  acted 
on  by  phenylhydrazine  or  by  prolonged  boiling  with  methyl  iodide. 

Salts  of  Anhydroberherilxc  Acid. 

Very  considerable  difficulty  was  experienced  in  preparing  salts 
directly  derived  from  this  acid,  for  the  reason  that  when  dissolved  in 
ammonia  or  solutions  of  caustic  alkalis,  salts  of  berberilic  acid  (see 
p.  1048)  are  formed,  thus : — 

VOL.  LVIl.  3  z 
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C„H„NO,. 

Voxxtki. 

c... 

60-15  per  cent. 

60-04  p€E  centi 

H.... 

4-26         „ 

4-43        „ 

N.... 

3-51        „ 

3-53.       „. 
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C»H„N08  +  2K0H  =  CaoHnNOgK,  +  H,0. 

It  wa43,  however,  snbseqnently  observed  that  the  ammoniam  salt  of 
berberilic  acid,  .CaoHi7N09(NHi)3,  on  long  standing  over  sulphuric 
ncid  in  a  vacuum,  or  much  more  rapidly  on  warming  its  aqneoas 
solution,  gradually  gives  off  one-half  of  its  ammonia,  and  yields  the 
ammonium  salt  of  anhydroberberilic  acid,  thus  : — 

C«,H„NO»(NH0.  =  CoHisNOeCNH*)  +  NH3  +  H,0. 

Tliis  salt,  on  the  addition  of  an  acid,  now  gives  a  precipitate  of  an- 
hydroberberilic acid,  instead  of  one  of  berberilic  acid,  as  was  the  case 
at  first. 

This  behaviour'aooount«  for  the  fact  that  previously  (Part  I,  p.  81) 
good  numbers  could  not^be  obtained  in  the  analysis  of  the  silver  salt 
prepared  by  precipitating  a  solution  of  the  ammonium  salt  with  silver 
nitrate.  The  analysis^gave  numbers  lying  between  those  required  for 
the  bibasic  salt  CwHnNOoAgs  and  those  required  for  the  monobasic 
salt  CuHi^OgAg,  showing  that  fhe^bibasic  ammoniirm  salt  used  had 
already  undergone  some  decomposition. 

Silvtr  SaU. — In  re-examining  the  salts  «f  asihydroberberilic  acid, 
the  pure  substance  was  ground  up  with  water  to 'the  consistency  of 
a  thin  paste,  rendered  decidedly  alkaline  with  >aminonia,  and  gently 
warmed  on  a  water-bath  at  30 — 40^  until  the  whole  had  dissolved. 
The  solution  was  then  placed  in  a  dish  over  salphuric  acid  in  a 
vacuum,  and  allowed  to  evaporate,  almost -to  dryness.  The  gelatinous 
residue  was  dissolved  in  water  with  the  aid  of  a  drop  of  ammonia, 
heated  at  60°  on  a  wwter-batii iifor  two  or  three  hours,  filtered, 
and  the  solution' precipitated  by  silver  nitrate  in  three  fractions, 
at  a  temperature  *'<Jf  about  40*, -a  preliminary  precipitate  of  a 
small  quantity  being  discarded.  'By  this*  method  the  silver  salt  is 
obtained  as  a  white,  granular  powder  whioh  is  readily  washed, 
whereas,  if  the  precipitation  takes  place  in  r  the  cold,  the  salt  is 
gelatinous.  The  middle  fraction  was  we41  -  washed  with  cold  water, 
dried  on  a  porous  plate,  first  over  sulphuric  aeid  -in  a  vacuum  and 
then  at  60**,  and  analyecfd'wiih'theiiollowing  results : — 

I.  01514  gram  substance  gave  f0'0483 ;  gram  BjO,  0*2620  gram 
CO,,  and  00328  graoB^Ag. 
II.  0*2684  gram  substance  gave<  0*05(^0  :gram  ^. 


^ound. 

•VTheory.  y • — ^ 

C»H,^0|^g.  I.  11. 

C 47443  per  cent.  4720  —    percent. 

H 316        „  3*55  — 

Ag 21*34        „  21*66        20*86 
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This  silver  salt  is  sparinnflj  soluble  in  water,  and  verj  stable ;  even 
prolonged  heating  at  100^  scarcely  decomposes  it ;  for  ordinary  pur- 
poses it  may  therefore  be  dried  at  100^. 

Copper  Sah,  (C^Ku'SOt\CTi  +  2HaO.— This  salt  was  obtained  ns 
a  brilliant,  light-bine  precipitate  by  the  addition  of  a  solntion  of  cop- 
per  sulphate  to  the  solution  of  the  ammonium  salt.  It  was  well 
washed  with  water  and  dried  over  sulphuric  acid  in  a  ^vacaum. 

Analysis : — 

0'2632  gram  substance,  heated  at  100''  till  the  weight  became  con- 

Htant,  lost  00104  gram  =  3*99  per  cent. 
(C»H„N08)2Cu  -h  2H,0  contains  402  per  cent.  Aq. 

The  dry  substance  (0*2528  gram),  en  ignition  in  a  ccarrent  of  air, 
left  0*0247  gram  CiiO. 

Theoiy. 
(C.:oH,8N08)jCu.  Tound. 

Cu 7*36  per  cent.  7-79  per  .xient. 

A  dilute  nentrcQ  solution  of  the  ammonium  salt  shows  the  following 
behaviour  with  reagents : — 

Cadmium  Chloride, — ^A  white,  gelatinous  precipitate. 

Lead  Acetate. — A  white,  gelatinous  precipitate,  somewhat  soluble  in 
hot  water. 

Barium  and'CalciumiJhlorides, — No  precipitates. 

Methyl  Salt  of  AnhydroberhertHc  Acid^ 

In  order  to  be  certain  as  to  the  basicity  of  anhydroberberilic  acid, 
it  was  thought  necessary  to  prepare  some  crystalline  salt  which  could 
be  readily  purified,  and  from  which  rtrnstworfihy  numbers  could  be 
obtained.  As  the  metallic  salts  did  not  crystallise,  and  for  this 
reason  gave  only  imperfect  numbers  on  analysis,  attention  was  next 
directed  to  the  preparation  d£  a  methyl  8(M,  This  flalt  is  readily  pre- 
pared by  the  aclaon  of  methyl  iodide  on  the  silver  salt,  CMHiflNOsAg. 
2  grams  of  the  pure  dry  silver  salt  was  mixed  with  20  c.c.  of  pure 
ether,  a  large  excess  of  methyl  iodide  (5 — lO^grams)  added,  and  the 
whole  heated  to  boilisg  in  a  flask  connected  with  a  reflux  apparatus. 
As  soon  ns  the  decomposition  was  eemplete,  the  ether  and  excess  of 
methyl  iodide  were  distilled  off,  and  the  residue  extracted  three  or 
four  times  with  boiling  absolute  alcohol.  The  filtered  extract,  on 
evaporation,  deposited  an  almost  solid  cake  of  the  crude  methyl  salt ; 
this  was  purified  by  spreading  on  a  porous  plate  and  subsequent 

3  z  2 
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recrystallisation,  twioe  f rom  alookol  and  once  from  acetic  acid.  The 
beantifnlly  white  glistening  crystalline  powder  thns  obtained  was 
dried  at  100°,  and  analysed*  with:  the  ibllowing  results : — 

I.  01362  gram   substance  gave  00601  gram  H,0  and  0*8016 
gram  GO2. 
01 783  gram  substance  gave  5*2  c.c.   N ;  <  =  14° ;  bar.  = 
740  mm. 
II.  01670  gram  substance*  gave-  00710  gram  H,0  and  0-3720 

gram  COs. 
III.  01724  gram  substance  gwre  0*0734  gram  HsO  and  0*3844 
gram  GOj- 

Fonnd. 

Theory.  / * . 

C„Hi,(CHJNOs.  I.  II.  III. 

C 61-01  per  cent.         60-84    6075     60*81  per  cent. 

H 4*60        „  4*93      4*72      4*73 

N 3-39        „  3-33       —        —  „ 

This  methyl  salt  melts  at  178 — 179''.  In  a  finely-divided  condition  it 
is  moderately  soluble  in  carbon  bisulphide,  boiling  benzene,  and  alcohol, 
but  the  crystals  are  only  veiy  sparingly  soluble  in  these  solvents. 
It  crystallises  best  from  acetic  acid,  being  deposited  as  a  line,  crystal- 
line powder,  which,  when  examined  under  the  microscope,  is  seen  to 
consist  of  four-sided  plates  with  bevelled  edges.  This  methyl  salt  is 
readily  hydrolysed  by  boiling  with  hydrochloric  acid  or  alcoholic 
potash.  In  order  to  make  sure  that  it  was  in  reality  a  methyl 
salt,  and  that  the  CHs  group  was  not  attached  to  the  nitrogen  atom  in 
the  molecule  CjoHnNOs,  the  number  of  methoxy-groups  which  it 
contained  was  determined  by  Zeisel's  method  (Monatsh.^  6,  995). 

0*3016  gram  substance,  when  heated  with  fuming  hydriodic  acid 
(sp.  gr.  1*96),  and  the  resulting  methyl  iodide  passed  into  an 
alcoholic  solution  of  siJver  nitrate,  gave  0*4982  gram  Agl. 

Theory  for 
3(0CHa)  groups  in 
CaoHi,(CH,)N08.  Found. 

(CHjO) 22-52  per  cent.  21*91  per  cent. 

Three  OCHs  groups  are  therefore  contained  in  ih\B  methyl  salt, 
two  from  the  original  berberine  molecule,  and  one  in  the  form  of 
COOCHs ;  this  substance  is  therefore  the  true  methyl  salt  of  anhydro- 
berberilic  acid. 
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Acetylanhydroberhertlic  AaicL, 

Acetic  anhydride  veacts  readily  with  anhydrobevberilio  acid  with 
formation  of  an  acetyl  derivative,  thus :  — 

C«,H„K08  +  .ohI-CO>^  =  C«H„N0,  +  .CH,C00H. 

In  preparing  this  acetyl  derivative,  2  grams  of  pare  anhydro- 
berberilic  acid  was  mixed  with  30  grams  of  acetic  anhydride,  and  the 
mixture  heated  to  boiling  in  a  flask  connected  with  a  reflux  apparatus 
for  about  three  hours.  The  resulting  brown  solution,  which  was 
strongly  fluorescent,  was  evaporated  to  a  small  bulk  and  allowed  to 
stand  for  12  hours.  The  crystals  which  separated  were  cdlleoted, 
washed  with  a  kittle  acetic  anhydride,  and  recrystallised  from  this 
solvent.  The  acetyl  derivative  was  thus  obtained  pure  in  hard, 
glistening,  slightly  yellowish  prisms,  'which,  after  drying  at  ilOS**  for 
tw^o  hours,  gave  "the  following  results  on  analysis  : — 

01 665  gram  substance  gave  00690  gram  H2O  and  0*3644  gram 

CO,. 
0-3108  gram  substance  gave  9*4. c.c.  N ;  ^  ^  8*" ;  bar.  =  745  mm. 

Theory. 
CaHijNO,.  Found. 

C 59-82  per  a 


59-82  per  cent.  59-69  per  cent. 

4-28        „  4-60 


N 3-17        „  3-51 

Acetylanhydroberberilio  acid  m^lts  at  139 — ^140°,  and  at  a  higher 
temperature  it  decomposes  with  formation  of  an  oil  which  smells 
strongly  of  acetic  anhydride.  It  is  very  readily  soluble  in  acetic  acid, 
moderately  in  boiling  alcohol,  sparingly  in  boiling  benzene  and 
xylene,  and  almost  insoluble  in  'bisulphide  of  carbon  and  light  petro- 
leum. It  crystallises  from  boiling  xylene  in  peculiarly  striated,  needle- 
sbaped  crystals.  The  acid  is  very  readily  hydrolysed,  boiling  with 
water  for  a  short  time  being  sufficient  to  ensure  complete  decomposi- 
tion into  anhydi-oberberilic  acid  and  acetic  acid  : — 

C«Hx,NO,  +  H,0  =  Ca»H„N08  +  CH,-COOH. 

The  composition  of  the  acetyl  derivative  may  be  accurately  con- 
trolled by  determining  the  amounts  of  these  products  produced  on 
hydrolysis. 

40610  grams  of  the  pure  substance  was  finely  powdered  and 
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boiled  in  a  flask  connected  wi£li  a  reflnx  apparatna  with  200  c.c.  of 
5  per  cent,  sulphuric  acid.  In  a^  short  time,  complete  hydrolysis  had 
taken  place  with  separation*  of  colourless,  flocculeni  masses  of  an- 
hydroberberilic  acid.  These  were  collected  on  a  filter,  washed 
with  water,  amd*  the  yellow  filtrate  distilled  in  a  current  of  steam 
until  the  distillate  no  longer  showed,  any  aoid  reaction.  The  acid 
liquid  required  for  neutralisation  93  c.c.  of  standard  solution  of 
potassium  hydrate  (1  c.c^=  0*00598  gram  of  acetic  acid). 

This  corresponds  with  05561  gram  of  acetic  acid  =  13'7  per  cent. 
According  to  the  above  equation,  G^aHuN'Og  gives  13 '6  per  cent. 

The-  anhydroberberilic  acid  produced  in  this  hydrolysis  was  very 
thoroughly  washed  with  water  until,  quite  free  from  sulphuric  acid, 
dried  first  on  a  plate  and  then  at  100°^  until  constant  It  then 
weighed  3688  gsams  =  90*8  per  cent.,,  whereas,  according  to  the 
above  equation;  90'5  per  cent,  shouldibe  prodiitted. 

These  facts  leave  scarcely  any  doubt  that  the  acetyl  derivative  is  in 
reality  a  mixed  anhydride  of  acetic  and  anhydroberberilic  acids,  and 
as  such  it  has  been  represented  at)  the  head  of  this  section.  This 
accounts  for  the  readiness  with  which  it  is  decomposed  into  acetic 
and  anhydroberberilic  acids  in  contact  with  water. 

Anhydroberhertlic  Ohloridey, 

The  action,  of  phosphorus  pentachloride  on  anhydroberberilic  acid 
seems  to  be  complicated,  and  the  results  obtained  Ys,ry  considerably 
with  the  quantity  of  the  reagent  employed,  and  the  subsequent  treat- 
ment of  the  product. 

Expm^ment  L — 3  grams- of  pune  anhydroberberilio  acid  was  mixed 
with-  50  grams  of  chloroform,  and  6  grams  of  powdered  phosphorus 
pentachloride  added.  As  no  action  seemed  to  take  place  in  the  cold, 
the  mixture  was  heated  to  boilingp.  for  half  an  hour;  2  grams  more 
pentachloride  added,,  and  the  heating  continued  for  another  half- 
hour.  The  residual  light-brown  liquid,  which,  on  cooling,  deposited  a 
quantity  o£  ciystals,  was,  while  still  hot,  transferred  to  a  dish  and 
freed' from  phosphorus- oxychloride  and  excess  of  chloroform  by  heat- 
ing on  a  water-bath.  The  yellow,  crystalline  residue  waa  powdered, 
dissolved  in  boiling  benzene,,  and  the  filtered  solution  allowed  to 
stand  24  hours.  In  this  way  a  considerable  crop  of  garnet-coloured 
crystals  was  obtained,  which,  after  repeated  recrystallisation  from 
benzene,  gave  the  following  numbers  on  analysis : — 

0-1674  gram  substance  gave  00584  gram  HsO  and  0*3540  gram 
CO,. 
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0*3962  gram  eabstauce,  heated  with,  nitrio  acid  and  silver  nitrat'e  in 

a  sealed  tabe  at  180"  for  four  hours,  gave  01410  gram  AgCl. 
0*2984  gram  substance  gave  8'8  c.c.  nitrogen ;  ^  =  l?"" ;  bar  = 
736  mm. 

Theory. 
C„Hi,NC10;.  Founcl. 

C 57*49  per  cent..  67"70  per  cent. 

H. 3*83        „.,  S'Sr       „, 


N 3*35        „  3*32 

CI 8*50        „  8-74 


»•• 


>» 


This  substance  is  the  chloride  of  anhydroberberilic  acid ;  its-forma- 
tion in  the  above  reaction  is  represented  bj  the  equation 

CmH„N08  +  PCl5=  C»Hx*NC107  +  HCl  H-  POCl,. . 

This  chloride  melts  at  167°,  and  is.  sparingly  soluble  in  cold 
benzene,  alcohol,  and  acetic  acid.  li  crystallises  from  benzene  in 
hard,  thick,  almost  colourless  prisms^-  It  is  practically  insoluble  in 
water,  and  for  this  reason  is  only  very  slowly  acted  on  by  this,  solvent. 
If,  however,  the  powdered  chloride  is  boiled  with  80'  per  cent,  acetic 
acid,  it  gradually  dissolves^  and,  on  cooling,  aAhydroberberilia  acid 
crystallises  out,  thus : — 

CaoHxjNClO,  +  H,0  =  C»H„^'08  +  HCl. 

The  yield  of  crystalline  chloride  obtained  in  the  above  .methocl  of 
preparation  is  about  70  per  cent,  of  the  theoretical.  A  small  quantity 
remains  behind  in  the  benzene  mother  liquors ;  by  concentratiDg  the 
solution,  this  may  be  recovered  as  a  dark-colouted,  crystalline  mass, 
which  is,  however,  difficult  to -purify.  . 

Experiment  11. — 2  grams  of  anhydroberbenlio  anid,  12  gj^ms  of 
phosphorus  oxy chloride,  and  6>  grama  of  phosj^orus  pentaohloride 
were  mixed  together  and  heaied  on  a  water^bath.  In  a  short  time 
the  whole  of  the  anhydro-acid  dissolved^  hydrogen  chlonde  being 
liberated  in  abundance.  After  heating  for  an  hour,  3  grams  oi  phos- 
phorus pentaohloride  was  added,  and  the  heating  continued  for 
another  hour.  The  product,  which,. on  cooling,  solidiJQed.  to  a  mass 
of  crystals,  was  melted  and  ponred,  in  a  thin  stream,  into  much 
water,  the  whole  being  kept  as  cool  as  possible  during  the  operation. 
As  soon  as  the  energetic  reaction,  which  at  once  sets  in,  had  subsided^ ' 
the  brick-red  precipitate  which  separated  was  collected^  washed  well,. 
dried  on  a  porous  plate,  and  extracted  with  boiling  alcohol.  The 
greater  part  dissolved,  leaving,  however,  a  slight  residue  of  re- 
generated anhydroberberilic  acid.  The  alcoholic  solution  was  evapo- 
rated to  a  small  bulk  and  allowed  to  stand,  when  a  brown,  crystalline 
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powder  was  obtained,  which,  after  boiling  in  alcoholic  solation 
with  freshly  ignited  animal  charcoal,  and  adding  a  little  water, 
deposited  an  almost  colonrless,  semi-crystalline  precipitate.  This  was 
dissolved  in  alcohol,  mixed  with  an  eqnal  balk  of  water,  and  the 
solaiion'iEtllowed  to  stand  exposed  to  the  aii*.  In  a  short  time,  crys- 
talline cnlBts  formed  on  the  '^bottom  'of  the  dish,  which,  after  well 
washing^'with  dilute  *  alcohol  and  drying  K)ver  salpharic  acid  in  a 
yacanm,  melted  at  180-^182®,  add  showed  kll  the  properties  of  ber- 
berilic  acid  (p.  1048;. 

The  anatysis'sgave  confirmatory"  results : — 

»0r439-gram  substance  gare  00619  gram  HjO.-and  0-3039  gram 

CO.. 
02059  gram  subKtance  gave  5*8  c.c  nitrogen ;   t=:^7^;  bar.  = 
745  mm. 

Theory. 
CjoHigNO,.  Found. 

C   . . .  .^ .      57*55  per  cent.  57*59  per  cent. 

H 4*55        „  ^4*70 

•N 3'36       .„      .  3-20 

*  As  anhydroberberilic  acid  is  not  attacked  by  dilute  hydrochloric 
acid  in  the  cold,  it  seems  that  under  the  above  conBitions  phosphonis 
pentachloride  converts  anhydroberberilic  acid  into  the  chloride  of 
berberilic  acid,  which,  when  mixed  with  water  is  decomposed  with 
formation  of  berberilic"acid,^thus  : — 

C:^H„TT08  +  PCU  =  CjoHnNOTCl,  +  POCl,, 
C»HnN07Cl,  +  2H,0  =  CwHwNO,  +  2HC1. 

Experiment  IIL — 3  grams  of  anhydroberberilic  acid  were  mixed 
with  40  grams  of  chloroform,  6  grams  of  phosphorus  pentachloride 
added,  and  the  mixture  heated  to  boiling  in  a  reflux  apparatus  for 
half  an  hour.  The  chloroform  was  then  distilled  off,  and  the  residual 
hard  cake  of  crystals  broken  up  and  shaken  with  a  large  quantity  of 
water,  the  whole  being  well  cooled  during  the  operation.  As  soon  h» 
all  action  had  subsided,  the  yellowish-brown  precipitate  was  collected, 
dried  on  a  porous  plate,  and  dissolved  in  a  large  quantity  of  boiling 
ethyl  alcohol. 

The  alcoholic  solution  was  concentrated,  allowed  to  stand  for 
24  hours,  and  the  yellow  crystals,  which  completely  filled  the  liquid, 
collected,  washed  with  a  little  alcohol,  and  dried  on  a  porous  plate. 
The  fine,  yellow,  crystalline  mass  thus  obtained  contains  two  sub- 
stances which  are  very  readily  separated  by  extraction  with  boiling 
benzene,  in  which  the  one  present  in  the  smallest  quantity  is  very 
sparingly  soluble.     The  insoluble  substance  was  collected,  dried  at 
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100°,  and  recrystalliscd  from  acetic  acid ;  the  resulting  crjstalline  mass 
melted  at  236^  and  showed  all  the  properties  of  anhydroberberilic 
acid.  The  filtrate  from  the  crude  anhydroberberilic  acid  was  heated 
on  a  water-bath  till  free  from  benzene,  and  the  residue  recrystallised 
three  times  from  alcohol. 

The  beautiful,  pale  yellow  needles  thus  obtained  were  free  from 
chlorine ;  they  gave  the  following  results  on  analysis : — 

I.  01794  gram  substance  gave  00807  gram  HjO  and  0*4064  gram 
CO, 
0'2813  gram  substance  gave  8*3  c.c.  nitrogen ;  t  =  19** ;  bar.  = 
740  mm. 
II.  01696  gram  substance  gave  007 75  gram  HjO  and  03851  gram 
CO,. 

III.  01537  gram  subttance  gave  00701  gram  HjO  and  0*3483  gram 

CO,. 

IV.  0*1471  gram  substance  gave  0*0674  gram  HjO  and  0*3335  gram 

CO,. 

Found. 

Theory.  f * ^ 

CaoHigNO;.  I.  II.         *ni.  IV. 

C 62*33  per  cent.        61*78    61*91     61*80    62*24  per  cent. 

H 4*93        „  4-99      5*07      6*06      5*13       „ 

N 3*63        „  8*35        —         —        —        „ 

Each  of  these  analyses  was  made  with  a  different  preparation. 

This  substance  melts  at  139 — 140*,  it  is  readily  soluble  in  hot 
alcohol,  sparingly  in  the  cold;  the  hot  solution,  on  cooling,  deposits  the 
substance  in  beautiful,  slender,; pale-yeilow  needles.  It  is  extremely 
soluble  in  benzene  «tnd  chloroform,  very  sparingly  in  light  petroleam, 
and  the  solutions  -show  a  beautif al  fluorescence  like  that  exhibited 
by  solutions  of  quinine.  It  ds  insoluble  in  boiling  dilute  solutions 
of  alkalis  and  alkaline  carbonates  and  also  in  acids,  but  dissolves 
readily  in  warm  alcoholic  potash.  As  it  seemed  probable  that  this 
decomposition  might  throw  some  light  on  the  constitution  of  this 
remarkable  substance,  about  1  gram  was  dissolved  in  dilute 
alcoholic  potash,  the  solution  heated  to  boiling  for  a  few  minutes, 
diluted  with  water,  and  the  clear  solution  nearly  neutralised  and 
heated  in  an  open  basin  on  a  water-bath  until  free  from  alcohol. 
The  liquid  was  then  well  cooled,  acidified  with  dilute  hydrochloric 
acid,  and  the  white,  semi-solid  precipitate  which  separated,  collected, 
washed  with  water,  and  dried  on  a  plate. 

The  hard  mass  thus  obtained  had  all  the  properties  of  berberilic 
acid ;  it  was  identified  by  boiling  with  50  per  cent,  sulphuric  acid  and 
collecting  the  crystalline  precipitate  of  anhydroberberilic  acid  which 
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formed.     This,  after  recrysiallisation  from  acetic  acid,  melted  at  230'', 
and  gave  the  following  resalts  on  analysis : — 

01510  gram  substance  gave  00680  gram  HaO  and  0-3330  gram 
COa. 

Theoxy. 
C^HiyNOg.  Found. 

C 60*15  per  cent.  60*14  per  cent. 

H 4-26        „  4-63        „ 

The  formation  of  berberiHc-acid  from  a  substance  of  the  formula 
CjoHwNOt  bj  boiling  with  alcoholic  potash  is  extremely  difficult  to 
understand,  and  although  manj  experiments  have  been  institated,  no 
clue  to  the  constitution  of  this  remarkable  substance  has,  as  yet,  been 
found. 

The  amount  of  the  substance  C2nHi9N07  formed  in  the  above  de- 
composition varies  very  considerably;  in  some  cases  as  much  as 
60  per  cent,  has  been  obtained,  whereas  -^in  other  experiments,  con- 
ducted seemingly  under  exactly  similar  conditions,  anhydroberberilic 
acid  was  the  principal  product.^ 

Amide  of  Anhydroberberilic  Acid, 
C«H..(NH,)NO,  =  gg:g>C.H.<Cg\j^.C^NH,>c^.<g>CH. 

The  substance  is  readily  prepared  by  the  action  of  ammonia  on  the 
chloride  of  anhydroberberilic  acid,  thus  : — 

CnHwClNO,  +  2NH,  =  C2oHi,(NH,)N07  +  NH4CI. 

The  finely-divided  chloride  was  mixed  in  a  sealed  tube  with  a 
large  excess  of  a  strong  solution  of  ammonia  in  absolute  alcohol.  On 
standing  in  the  cold,  it  was -noticed  that  considerable  decomposition 
took  place,  and  after  heating  at  100^  for  five  hours,  the  whole  of  the 
chloride  had  disappeared,  and  the  tube  was  filled  with  feathery 
crystals  of  the  amide.  These  were  collected,  washed  with  alcohol, 
and  dissolved  in  a  considerable  quantity  of  85  per  cent,  alcohol ;  this 
HolntioD,  on  cooling,  deposited  beautiful,  colourless,  feathery  crystals 
which,  after  drying  at  100°,  gaye  the  foHowing  numbers  on 
analysis : — 

01446  gram  substance  gave  0063a  gram  HjO  «and  0*3197  gram  CO,. 
0  1888  gram  substance  gave  11*8  c.c.  nitrogen;    t  =  20° ;  bar.  = 
746  mm. 

Theory. 
CsoHi,(NH,)N07.  Found. 

C 60*30  per  cent.  60*36  per  cent 

H 4*53        „  4*90 

N 703        „  701 
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This  amide  melts  at  203°.  It  is  readily  soluble  in  boiling  alcohol, 
but  only  sparingly  in  the  cold ;  the  hot  solution,  on  cooling,  deposits 
the  substance  as  a  very  voluminous  feathery  mass,  which,  when  dry, 
has  a  fine,  satiny  lustre. 

The  amide  is  insoluble  in,  and  only  very  slowly  hydrolysed  by 
dilute  acids ;  even  boiling  alcoholic  hydrogen  chloride  seems  to  have 
little  action  on  the  substance.  Alkalis  on  the  other  hand,  act  readily 
on  the  amide ;  on  boiling  with  dilute  alcoholic  potash,  the  substance 
is  readily  dissolved  with  evolution  of  ammonia.  The  product  was 
mixed  with  water,  nearly  neutralised  with  dilute  hydrochloric  acid, 
evaporated  until  free  from  alcohol,  cooled,  and  acidified  with  dilute 
hydrochloric  acid.  The  white,.amorphoiift  precipitate  which  separated, 
after  being  recrystaJlised  from  dilute  alcohol,  showed  all  the  properties 
of  berberilic  acid : — 

0*1820  gram  substance  gave  6'^  c.c.T  nitrogen ;   t  ss  12° ;   bar.  s 
740  mm. 

Theory. 
CsoHisNOs,  Voand. 

N -. . .     3;36  per  cent.  3*38  per  cent. 

The  decomposition  of  this  amide  into  berberilic  acid  and  ammonia 
by  boiling  with  alcoholic  potashi  takes  place  according  to  the 
equation 


Andide  of  Anhydroherherilic  Acid,  CjoHwCNHCeHs)!^©?. 

The  chloride  of  anhydroberilic  acid  reacts  readily  with  aniline 
in  the  cold,  with  evolution  of  heat  and  formation  of  the  correspond- 
ing anilide : — 

C^hCINOt  +  2NHAH5  =  GiuHi,(NH-C«H5)N07  +  C.H^HjHCl. 

The  finely-powdered  chloride  was  mixed  with  an  excess  of  pure 
aniline,  allowed  to  st&nd  fbr  a  few  minutes,  and  then  gradually  heated 
to  180°.  The  resulting,. almost  colourless  melt  was  poured  in  a  thin 
stream  into  very  dilute  hydrochloric  acid,  the  thick,  oily  precipitate 
well  shaken  and  stirred  until  quite  solid,  collected,  washed,  and  dis- 
solved in  boiling  90  per  cent,  alcohol.  On  cooling,  this  solution 
deposited  the  anilide  in  feathery  tufts  of  fine  needles.     Analysis : — 

0*2086  gram  substance  gave  11*3  c.c.  nitrogen;  t  =  22°;  bar.  = 
746  mm. 

Theory. 
C^i«(NH06H5)NO..  Found. 

N 5*91  per  cent.  6*01  per  cent. 
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The  anilide  melts  at  199°.  It  ifi  readily  soluble  in  hot  alcohol  and 
benzene,  sparingly  in  cold  alcohol  and  carbon  bisulphide,  insoluble 
in  water  and  light  petroleum.  It  crystallises  from  alcohol  in  feathery 
tiifts  which,  w^hen  dry,  have  a  fine,  satiny  lustre  and  a  distinct,  blue 
fluorescence. 

Berbe^'ilic  Acid^ 

Although  almost  insoluble  in  alkalis  in  the  cold,  anhydroberfaerilie 
acid  dissolves  readily  in  dilute  aqueous  potassium  hydrate  at  a  tem- 
perature of  30 — 40°  with  formation  of  the  potassium  salt  of  berberilic 
acid : — 

CaoHnNOs  M-  2K0H  =  CaoH17K.NO,  +  H,0. 

In  studying  this  decomposition,  very  carefully  purified  anhydro- 
berberilic  acid  was  gronnd  up  with  water  into  a  fine  paste,  warmed 
to  about  *dh°^  and  potassium  hydrate  solution  then  run  in,  drop  by 
drop,  until  the  whole  had  dissolved.  The  clear  solution  was  well 
cooled,  nearly  neutralised  with  hydrochloric  acid,  cooled  again,  filtered 
if  necessary,  and  then  an  excess  of  dilute  hydrochloric  acid  added,  drop 
by  drop,  the  liquid  being  well  agitated  after  each  additiim.  The 
white,  semi-solid  precipitate,  thus  thrown  down,  was  collected,  washed 
with  water,  and  dried  on  a  plate ;  this  preparation  consists  of 
practically  pure  berberilic  acid,  and  as  such  was  employed  in  all 
future  operations.  Considerable  difficulty  was  experienced  in 
obtaining  this  acid  in  a  cnystalline  condition ;  the  best  results  were 
obtained  by  dissolving  the  acid  in  methyl  alcohol,  adding  about  an 
equal  bulk  of  water,  and  allowing  the  solution  to  stand  in  an  open 
dish  exposed  to  the  air.  As  the  methyl  alcohol  evaporated,  the  acid 
was  deposited  in  the  form  of  a  hard,  crystalline  cake  on  the  bottoiji 
of  the  dish.  This  was  washed  with  dilute  methyl  alcohol,  dried  on  a 
porous  plate,  and  analysed  with  the  following  result : — 

I.  0*1649  gram  substance  gave  00752  gram  H9O  and  0*3449  gram 
COa. 
03090  gram  substance  gave  90  c.c.  nitrogen ;  /  =  17® ;  bar.  = 
740  mm. 
II.  01320  gram  substance  gave  00590  gram  H,0  and  0*2760  gram 

COa. 

Found. 

Theory.  , * > 

C„H,9N0».  I.  II. 

C 67-55  per  cent.  5701         57*21  per  cent. 

H 4*55        „  606  4-96 

N 3*36        „  8-30  — 
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Berberilic  acid  melts  afc  about  177 — 182*',  being  at  the  same  time 
decomposed  into  water  and  anhjdroberberilic  acid  : — 

Ca>H,^0,  =  CaoHnNOs  +  HjO. 

This  melting  point  is  only  approximate,  as  the  presence  of  even 
traces  of  impurity  causes  the  substance  to  soften  at  a  much  lower 
temperature. 

It  is  very  readily  soluble  in  methyl  and  ethyl  alcohol.  It  dissolves 
appreciably  in  hot  water,  and  if  warm  dilute  solutions  of  the  salts  of 
the  acid  are  precipitated  and  filtered,  the  clear  filtrate  gradually 
deposits  colourless,  granular  masses  of  pure  berberilic  acid.  When 
heated  above  its  melting  point,  berberilic  acid  is  completely  con- 
verted into  its  anhydride,  and  the  oily  product  on  cooling  solidifies 
to  a  transparent,  fluorescent  resin,  which  will  remain  in  this  condition 
for  weeks;  in  contact  with  glacial  acetic  acid,  however,  this  at  once 
becomes  crystalline,  and  after  recrystallisation  from  this  solvent, 
melts  at  237**,  and  consists  of  pure  anhydroberberilic  acid. 

Basicity  of  Berberilic  Acid, — Two  experiments  were  made  with  the 
object  of  determining  the  basicity  of  this  acid. 

Earperiment  I. — 0*8629  gram  of  pure  anhydroberberilic  acid  was 
ground  up  with  water,  mixed  with  60  c.c.  of  standard  potassium 
hydrate  solution  (1  c.c.  =  00054f61  gram  KOH),  wanned  to  35*", 
and  kept  at  this  temperature  until  complete  solution  had  taken 
place.  After  the  addition  of  a  trace  of  phenolphthaleiu,  5  c.c.  of 
standard  sulphuric  acid  were  required  to  completely  neutralise  the 
product.  0*8629  gram  of  substance  required,  therefore,  for  neutralisa- 
tion 45  c.c.  of  potassium  hydrate  solution  =  0*2457  gram  KOH  ; 
whereas  a  bibasic  acid,  CaoHuNOs,  requires  for  neutralisation  0*2422 
gram  KOH. 

Experiment  IL — 0*5355  gram  of  berberilic  acid  required  26  c.c.  of 
standard  potassium  hydrate  solution  for  neutralisation  =  01419  gram 
KOH.     Theory  for  a  bibasic  acid,  CaoH^NOj  =  01438  gram  KOH. 

Berberilic  acid  is  therefot^  a  bibasic  acid. 

Salts  of  Berberilic  Acid. 

Silver  saUj  C^HnAgJSO^.  This  was  prepared  as  follows :— Pure 
anhydroberberilic  acid  was  dissolved  in  a  dilute  solution  of  pure 
potassium  hydrate,  titrated  with  dilute  nitric  acid  until  only  very 
faintly  alkaline,  warmed  to  30°,  and  a  large  excess  of  silver  nitrate 
fidded,  the  whole  being  violently  agitated  during  the  addition.  The 
resulting  white  precipitate  was  collected,  well  washed  with  water, 
and  dried  first  on  a  porous  plate  over  sulphuric  acid  in  a  vacuum, 
and  then  at  80**. 
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The  analysis  gave  the  following  numbers : — 

I.  0-2199  gram  substance  gave  00626  gram  H,0,  03108  gram 

COo,  and  00761  gram  Ag. 

II.  0-2143  gram  substance  gave  00602  gram  H,0,  0*3036  gram 

COj,  and  0-0726  gram  Ag. 

Found. 

Theory.  , * ^ 

CjoHiyAjTjNOj.  I.  II. 

0 38-08  per  cent,  -38-52        3864  per  cent 

H 2-70        „  3-16  312 

Ag 34-32        ,,  34-60        3388 

This  silver  salt  is  very  sparingly  soluble  in  water.  It  is  very 
stable,  and  only  very  slowly  acted  on  by  light ;  it  may  be  heated  at 
100**  for  a  considerable  time  without  undergoing  decomposition. 

The  neutral  solution  of  the  potassium  salt  shows  the  following 
behaviour  with  reagents : — 

Zinc  Sulphate, — A  white,  gelatinous  precipitate,  moderately  soluble 
in  hot  water,  from  which  it  separates  on  cooling  as  a  white, 
amorphous  mass. 
Oopper  Sulphate. — A  Kght  green  precipitate,  very  sparingly  soluble 

in  water. 
Cadmium  Gkloride, — A  white,  amorphous  precipitate,  soluble  in  hot 
water,  separating  out  on  cooling  very  much  in  fhe  same  way  as 
the  zinc  salt. 
Barium  Chloride  and  OaJ^um  Chlxnide, — No  precipitate  even  on 

.  boiling. 
The  ammonium  salt  is  mentioned  on  p.  1038,  and'Hs  decomposition 
into  ammonia  and  the  ammonium  salt  of   anhydrobei^rilic  acid 
described. 

Dimethyl  Salt  of  Berherllio  Acid,  C»H„(CH,),N09  = 

CH,0>^«"»^CO— NH— CHr-CH,^^*^«<0>^***- 

This  interesting  salt  is  readily  prepared  by  treating  silver  ber- 
berilate  with  excess  of  methyl  iodide,  thus  :-^ 

CaoH„Ag,NO,  +  2CH,I  =  CmH„(CH,)JTO,  +  2AgI. 

The  pure  dry  silver  salt  was  ground  up,  and  heated  with  a  large 
excess  of  methyl  iodide  and  some  pure  ether  for  about  two  hours 
in  a  flask  connected  with  a  reflnx  apparatus.  The  ether  and  excess  of 
methyl  iodide  were  then  distilled  off,  and  the  residue  extracted  three 
times  with  boiling  absolute   alcohol.      The   alcoholic   solution  was 
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concetitrated,  and  the  crop  of  crystals  which  separated  on  standing, 
ooUected,  washed  with  a  little  alcohol,  and  recrjstallised  from  this 
solvent.  The  pare  dimethyl  salt  was  fchns  obtained  in  the  form  of 
long,  thin,  colonrless  needles,  which,  after  drying  at  100°,  gave  the 
following  results  on  analysis  : — 

0*1590  .gxam  snbstance  ,gave  0;0756  gram  H3O  and  0*3460  gram 

CO,. 
01966  gram  subitance  gave  5*6  c^c.  nitrogen ;   ^  =  24" ;  bar.  = 

7yr4mm. 

Theory. 
*  C^HiTHCHi^jNOg.  •^Found. 

'C '  69-32  per  cent.  59-24  per  cent. 

H 0*17        „  5*28        „ 

N 315        „  315 

Dimethyl  hei herilate '  melts  at  173—^174®.  It  is  readily  soluble  in 
hot  metkyl  and  ethyl  alooholSf'but  only  sparingly  in  the  cold.  The 
hot  alcdholic  solution,  on  cooling,  deposits  the  substance  in  the 
form  of  a  voluminous  mass  of  snow-white  needles,  which  when  dry 
resemble » cotton  wool.  The  dimethyl  salt  is  also  readily  soluble  in 
hot  benzene  and  xylene,  very  soluble  even  in  cold  chloroform, 
sparingly  in  light  petroleum  and  oafbon  bisulphide.  It  is  readily 
hydrolysed  by  'boiling  with  alcoholic  potasb,  with  regeneration  of 
berberilic  acid. 

AcHon  of  Heat  on  Berberilic  Acid, 

When  heated  to  temperatures  not  greatly  exceeding  180 -—190®, 
this  acid  is  converted  into  anhydroberberilic  acid,  as  already  men- 
tioned; but  at  Higher't.cmperatnres  a  muchinore  complicated  decom- 
position sets  in,  which  it  is  more  difficult^to  follow. 

In  studying  this  change,  8  grams  of  the  pure  acid  was  melted  in  a 
flask  heated  in  a  paraffin-b&th,  and  the  temperature  gradually  raised 
to  250'',  and  kept  ftt  this  for  10  minutes.  Abundance  of  steam 
and  some  carbon  dioxide  were  liberated,  the  substance  became 
darker  and  darker,  aoud  OB'cooling  fidUdified  tea  -dark  brown,  almost 
black  resin.  This  was  dissolved  in  boiling  glacial  acetic  acid,  the 
solution  separated  from  a  '^small  quantity  of  black,  insoluble  matter 
by  filtration,  and  the  ac^c  acid  evaporated  o£E  on  a  water-bath. 
The  residue  was  boiled  with  dilute  potassium  hydrate  solution,  which 
removes  nearly  all  the  black  resin,  leaving  a  light  greenish  powder. 
This  was  well  washed,  dried  on  a  porous  plate,  and  extracted  witb 
boiling  light  petroleum  (b.  p.  90 — 110°),  filtered  from  insoluble 
matter,  and  allowed  to  stand  for  24  hours.      The  almost  colourless 
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crystals  which  separated  were  recrjstallised  from  water,  di-ied  at 
100°,  and  analysed  with  the  following  result : — 

I.  01612  gram  substance  gave  0*0740  gram  H,0  and  0*3710  gram 
CO,. 
01 715  gram  substance  gave  10*8  c.o.  nitrogen;  t  =  14°;   bar. 
=  746  mm. 
II.  01496  gram  substance  gave  00679  gram  HjO  and  0-3452 gram 
CO,. 

Found. 

Theory.  , * v 

CioHjNOi.  I.  11. 

C 62-82  per  cent.  62-76        62*97  per  cent. 

H 4-71        „.  510  504 

N 7*33        „  7-40  — 

This  substance  melts  at  181 — 182'',  and  is  identical  with  w-amido- 
ethyl piperonylcarboxylic  anhydride  (p.  1013);  it  was,  in  fact,  the 
first  sample  of  this  substance  obtained. 

The  dark  brown  alkaline  solution  which  was  separated  from  the 
crude  substance  Cii)H9]ff08,  as  described'  above,  gave  with  hydix)- 
chlorio  acid  a  dark  brown,,  amoi-phous  precipitate.  Boiling  water 
dissolved  the  greater  part  of  this  precipitate,  leaving  a  dark,  resinous 
substance,  which  was  separated  by  filtration.  After  treatment  with 
animal  charcoal,  the  hotr  aqueous-  solution  deposited,  on  cooling,  a  light 
yellowish,  crystalline  powdeuj  which,  after  repeated  recrystallisation, 
became  almost  colourless,  and  gave  tHe  following  numbers  on 
analysis : — 

01158  gram  substance  gave  00510  gram  H^O  and  0*2430  gram  CO,. 

Theory. 

CeHA-  Found. 

C 5714  per  cent..  57-23  per  cent. 

H 4-76        „  4*89 

0 38*09        „  87-88 

This  acid  melts  at  245 — 247*^,  and  when  strongly  heated  in  a 
stream  of  air,  it  gives  a  white,  needle-shaped  sublimate.  It  is  readily 
soluble  in  hot  water  and  alcohol,  but  sparingly  so  in  the  cold. 
The  aqueous  solution  gives  with  ferric  chloride  a  slight  brownish 
coloration,  and  reduces  ammoniacal  nitrate  of  silver  solution  very 
readily.  The  acid  dissolves  in  sulphuric  acid,  and  on  heating  the 
solution  to  100^,  an  intense  groen  coloration  is  produced,  which  on 
standing  becomes  reddish-brown. 

There  can  be  no  doubt  that  this  substance  is  identical  with  iso- 
vanillic  acid  (methylprotocatechuio  acid), 

^^g>C.H,-COOH    [CH3O :  OH :  COOH  =  1:2:4], 
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which  Foster  and  Matthiessen  (Anndlen^  Suppl.  2,  378)  obtained  by 
the  action  of  hydrogen  chloride  on  hemipinic  acid. 

CH:0>C-2»<c8S5  +  SOI  =  cS30>0*^'COOH  -h  CH.CI 

\  +  CO,. 

Isovanillic  acid  melts  at  250°,  and  has  properties  very  similar  to 
those  described  above. 

At  the  high  temperature  employed,  berberilic  acid  is  evidently  first 
split  np  into  hemipinic  acid  and  the  anhydride  CioUoNOs  (see  p.  1013)  ; 
the  hemipinic  acid  is  then  farther  decomposed  by  the  steam  evolved 
into  isovanillic  acid,  carbon  dioxide,  and  methyl  alcohol,  thns : — 

CxoHioOe  +  H,0  =  CaHsO*  +  CHj-OH  +  CO,. 

Hydrolyna  of  Berberilic  Acid,     Preparation  of  iD'Amidoethylpiperonyl- 
carhoxylic  Aoid^  C10H11NO4  =  CH2<Q>CeH2<^g  .^^  ,-^2  . 

Although  anhydroberberilic  acid  is  scarcely  attacked  by  boiling 
dilate  acids,  berberilic  acid  is  very  readily  decomposed  by  this  treat- 
ment, with  formation  of  hemipinic  and  amidoethylpiperonylcarb- 
oxylic  acids,  thns : — 

C«,H,J^09  +  H,0  =  CioHioO,  +  CxoHnNO*. 

This  decomposition  is  best  carried  out  as  follows: — ^Anhydrober- 
berilic acid,  which  should  be  as  pure  as  possible,  is  dissolved  in  dilute 
potassium  hydrate  solution  at  40°,  the  solution  filtered,  acidified,  and 
the  precipitated  berberilic  acid  collected,  washed,  and  ground  up  into 
a  thin  paste  with  water.  10  grams  of  this  acid,  in  the  form  of  paste, 
is  mixed  with  200  c.c.  of  5  per  cent,  sulphuric  acid,  and  the  mixture 
vigorously  boiled  in  a  flask  connected  with  a  reflux  'apparatus. 
Decomposition  sets  in  immediately,  and  in  a  short  time  the  greater 
portion  of  the  acid  has  passed  into  solution^  gi^ng  place  to  -a  small 
qaantity  of  a  voluminous  precipitate  which  floats  in  the  liquid.  The 
product  is  filtered,  the  precipitate  washed  well,  dried  on  a  porous 
plate,  and  reciystallised  from  acetic  acid.  The  colourless,  glistening 
needles  thus  obtained  melt  at  236*",  and  consist  of  pure  anhydro- 
berberilic acid.    Analysis : — 

01975  gram  substance  gave  0*0812  gram  H3O  and  0*4332  gram 
CO,. 

Theonr. 

C»H„NOa.  Found- 

C 60*15  per  cent.  59*82  per  cent. 

H 4*26        „  4*56        „ 
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The  amount  of  aniiydroberberilic  acid  formed  in  this  hydrolysis 
varies  with  the  strength  of  the  salphnric  acid  employed.  Under  the 
above  conditions,  10 — 15  per  cent,  of  the  berberilic  acid  is  converted 
into  anhydroberberilic  acid,  CaoHnNOg,  i?vhereas,  if  50  per  cent,  sulph- 
uric acid  is  used,  as  much  as  50  per  cent,  of  this  acid  is  produced. 

The  acid  solution  containing  the  principal  products  of  the  reaction 
is  evaporated  to  100  c.c.  and  extracted  at  least  20,  but  better  30,  times 
with  small  quantities  of  ether ;  the  ethereal  solution,  which  has  a 
beautiful  blue  fluorescence,  is  washed  with  a  little  water,  dried  over 
calcium  chloride,  and  evaporated,  and  the  solid  residue  spread  on  a 
plate  to  remove  traces  of  oily  mother  liquor.  The  crude  hemipinic 
acid  thus  obtained  may  be  purified  by  recrystallisation  from  water, 
but  it  is  better  to  first  convert  the  crude  acid  into  its  calcium 
salt  and  then  to  decompose  this  with  hydrochloric  acid.  For  this 
purpose,  the  crude  acid  is  dissolved  in  warm  water,  neutralised  with 
sodium  hydrate,  the  solution  filtered,  cooled  well,  and  mixed  with  a 
large  excess  of  a  strong  solution  of  calcium  chloride.  The  clear 
sola  lion  is  then  heated  to  boiling,  the  heavy,  sandy  precipitate  of  the 
calcium  salt  which  forms,  collected,  washed  with  hot  water,  and 
dissolved  in  a  small  quantity  of  hot  very  dilute  hydrochloric  acid. 
This  solntion,  on  standing,  deposits  pure  hemipinic  acid  in  beautiful, 
lustrous  prisms,  which,  after  drying  at  100°,  gave  the  following 
results  on  analysis : — 

I.  0*1430  gram  substance  gave  00595  gram  HsO  and  0*2770  gram 

CO,. 

II.  01375  gram  substance  gave  00561  gram  H,0  and  02678  gram 

CO.. 

Found. 

Theory.  f * > 

G10H10O5.  L  II. 

•        C  . . • .     5310 per  cent,  5282        5312  per  cent. 

H....       4-42        „  4-61  4-52 

O....     42-48        „  4fi-57        42  36 

Allowing  for  regenerated  anhydroberberilic  acid,  the  amount  of 
hemipinic  acid  obtained  is  very  nearly  theoretical. 

During  the  extraction  with  ether,  a  quantity  of  a  white  precipitate 
generally  separates,  which  consists  of  the  sulphate  of  the  new  base 
GioHuNOi;  this  is  best  removed  by  filtration  from  -time  to  time, 
otherwise  it  is  difficult  to  separate  the  ethereal  and  aqueous  layers 
effectually.  The  acid  liquors,  which  should  bo  as  free  from  hemipinic 
acid  as  possible,  are  carefully  evaporated  to  about  50  c.c,  care  being 
taken  to  stop  the  evaporation  as  soon  as  any  signs  of  charring  are 
noticed.  This  solution,  after  standing  for  two  days,  deposits  a  large 
crop  of  beautifully-formed  tabular  crystals  of  the  sulphate  of  the  base 
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CioHuNOi.  These  are  collected,  washed  with  a  little  water,  dissolved 
in  a  small  quantity  of  warm  water,  and  bariam  hydrate  solution 
carefully  added  until  the  sulphuric  acid  is  exactly  precipitated,  cai?e 
heing  taken  that  there  is  no  excess  of  barium  hydrate  present  in  the 
liqaid.  The  filtrate  from  the  bariam  sulphate  is  evaporated  at  a 
gentle  heat  (70 — 80")  on  a  water-bath  until  sufficiently  concentrated, 
and  allowed  to  stand  24  hours,  when  a  fine  crop  of  slightly  brownish, 
tabular  crystals  will  have  separated.  These  are  collected,  washed 
with  a  little  water,  and  recrystallised  from  warm  water.  The  air- 
dried  crystals  contain  approximately  one  molecule  of  water  of  crystal- 
lisation, which  is  given  off  gradually  over  sulphuric  acid  in  a  vacuum, 
but  much  more  readily  at  H)0**,  the  crystals  becoming  quite  opaque. 

0'3141  gram  substance,  heated  at  lOO''  till  constant,  lost  0*0234  gram. 

0*4384  gram  aubstaiu^e,  heated  at  100°  till  constant,  lost  00328  gram* 

Found. 

Theory.  f * ^ 

C10H11NO4  +  HjO.  I.  II. 

H,0 7-93  per  cent.  745  7*49  per  cent. 

The  crystals,  dried  at  100°,  gave  the  following  results  on  analysis  : — 

I.  0-1598  gram  snbstAnce  gave  00802  gram  H,0  and  0*3372  gram 
CO,. 
01087  gnjoa.  substance  gave   6*2  c.c.   N;    *  =  15**;   bar.  = 
738  ram. 
II.  01060  gram  substance  gave  0*0542  gram  H3O  and  0*2228  gram 

CO.. 

Found. 

Theory.  , * ^ 

CioHhNO^.  I.  II. 

C 57-42  per  cent.  57*54        57*32  per  cent. 

H 5*26        „  5*57  5*68 

N 6*70        „  6*70  — 

This  beautiful  substance  melts  at  180 — 182°  with  evolution  of  gas. 
It  is  sparingly  soluble  in  alcohol,  benzene,  acetone,  and  carbon  bi- 
sulphide,  readily  soluble  in  hot  water,  moderately  soluble  in  cold  water. 

On  slowly  cooling  a  moderately  concentrated  aqueous  solution  of 
the  base,  beautiful,  tabular  crystals  gradually  form.  Professor 
Haushofer  was  kind  enough  to  examine  these  for  me,  and  has  sent 
the  following  description : — 

•*  The  crystals  of  the  base  C10H11NO4  belong  to  the  monoclinic  system, 
and  represent  the  simple  combination,  OP  :  ooP.  Owing  to  the  pre- 
dominance of  the  basal  surface^  the  crystals  have  a  tabular  form. 
The  following  angles  were  measured : —  , 

"  ooP :  ooP  (clinodiagonal  prism  face) : .        78**     53' 

OP :  ooP  (angle  of  the  base  and  prism  &ce) .     101°     22'." 
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SaUs  of  the  Base  CioHuNO*. 

This  snbBtance  has  very  feeble  acid  properties,  but,  on  the  other 
hand,  its  basic  properties  are  well  marked,  and  it  combines  with  acids, 
forming  well-characterised  salts. 

The  sulphate,  (C,oHuN04),,H2S04  +  2H,0,  crystallises  from  water 
in  beantifnl,  colonrless  prisms,  readily  soluble  in  hot,  moderately  so 
in  cold,  water.  It  melts  at  abont  202 — 203°  with  decomposition. 
The  water  of  crystallisation  was  determined  in  a  sample  of  the  salt 
which  had  stood  for  some  days  exposed  to  the  air. 

I.  0-9246  gram  substance,  heated  at  100**  till  constant,  lost  00592 
gram. 
II.  0*8680  gram  substance,  heated  at  lOO"*  till  constant,  lost  0'0537 

gram. 

Found. 

Theory.  , « ^ 

(CioHuN04)^H^04  4-  2H,0.  I.  II. 

H,0 6A0  per  cent.  6"29         619  per  cent. 

For  analysis,  the  substance  was  dried  at  lOO**  until  the  weight  was 
constant. 

0'2060  gram  substance  dissolved  in  water  and  acidified  with  hydro- 
chloric acid  gave,  on  precipitation  with  barium  chloride,  0*0942 
gram  BaS04. 

0*1470  gram  substance  gave  0*0612  gram  H,0  and  0*2514  gram  CO,. 

Theory. 
(CioH„N04)^HjS04.  Found. 

C 46*51  per  cent.  46*64  per  cent. 

H 4*66        „  4*60 

SO4 18*60        „  18*93 

The  hydrochioride,  CioHuN04,Hd,  crystallises  from  water  in  colour- 
less, microscopic  needles,  readily  soluble  in  water,  very  sparingly  in 
solutions  containing  much  free  hydrochloric  acid. 

The  salt,  dried  over  sulphuric  acid,  does  not  lose  weight  at  100^, 
and,  therefore,  contains  no  water  of  crystallisation.  The  following 
results  were  obtained  on  analysis : — 

0*1376  gram  substance  gave  00621  gram  H,0,  and  0*2450  gram  CO,. 

0*5292  gram  substance,  dissolved  in  water,  acidified  with  nitric 

acid,  and  precipitated  with  nitrate  of  silver,  gave  0*3076  gram 

AgCl. 

Theory. 
0,oH|iN04,HGL  Found. 

G 48*90  per  cent.  48*56  per  cent 

H 4*89      „  5*02      „ 

CI ;.     14*42      „  14*39      „ 
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The  Acid  Oxalate,  CioHiiN04,C2H204. — This  beautiful  salt  is  readily 
obtained  by  mixing  a  warm  concentrated  solution  of  the  base  with  a 
considerable  excess  of  oxalic  acid  and  allowing  the  mixture  to  cool 
slowly.  After  standing  for  some  time,  long,  pale-yellow  needles 
make  tbeir  appearance,  and  continue  to  grow  until  they  almost 
fill  the  liquid.  The  crystals  were  collected,  allowed  to  remain  on  a 
porons  plate  at  the  ordinary  temperature  for  some  days,  and  then 
analysed : — 

0*1616  gram  substance  gave  02860  gram  CO3  and  00650  gram 
H,0. 

Theory. 
CioHnN04,C3H,04.  Found. 

C 48-16  per  cent.  48*26  per  cent. 

H 4-35        „  4-47 

It  is  readily  soluble  in  hot  water,  moderately  in  cold  water.  It 
melts  at  about  202 — 203**  witb  decomposition  and  rapid  evolution  of 
gas. 

The  Platinochloride,  (CioHuN04)2,HgPt01«,— This  was  prepared  by 
adding  platinum  cbloride  to  the  hot  strong  solution  of  the  hydro- 
chloride of  tbe  base,  and  allowing  the  solution  to  stand  over  night. 
The  beautiful  mass  of  light-reddisb  needles  was  collected,  washed 
with  water,  recrystallised  from  tbis  solvent,  dried  at  100°,  and 
analysed. 

I.  01940  gram  substance  gave  00557  gram  H3O,  02046  gram 
COa,  and  00459  gram  Pt. 
n.  0*4568  gram  substance  gave  0*1074  gram  platinum. 

III.  0*3578    „  „  00832  „ 

IV.  0*2291     „  „  0*0542 

Found. 

Theory.  r * ^ 

(Ci^,iN04)j,H,PtCl,.  I.  II.  III.         IV. 

C 29*00  p.  c.  28-77       —         —         —    p.  c. 

H.    ...       2-90    „  3*19       —         —         _        „ 

Pt....     23*50    „  23*66    2351    23*25    23*66     „ 

This  salt  crystallises  from  water  in  long,  slender,  straw-coloured 
needles,  whicb,  wben  rapidly  beated  in  a  capillary  tube,  became  dark- 
coloured  at  about  200**,  and  melt  with  rapid  decomposition  at  222° 
with  evolution  of  gas;  when  slowly  heated,  it  becomes  dark  at 
195 — 200*",  and  decomposes  completely  at  about  212°. 

The  Awroohloride,  CioHiiN04,HAnCl4. — This  double  salt  is  precipi- 
tated on  tbe  addition  of  gold  chloride  to  a  strong  solution  of  the 
hydrochloride  of  tbe  base  as  a  light,  chocolate-coloured,  crystalline 
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mass.  It  was  dissolved  in  a  little  boiling  water,  filtered  from  a  small 
quantity  of  a  red,  insoluble  substance,  and  the  solution  allowed  to 
stand  for  some  hours.  The  ciystalline  precipitate  which  separated 
was  collected,  washed,  dried  at  lOO"*,  and  analysed  with  the  following 
result : — 

0'3354  gram  substance  gave  01204  gram  of  gold. 

Theory. 
CioHiiN04,HAuCl4.  Found. 

Au 35 '8 7  per  cent.  35*89  per  cent. 

This  salt  thus  obtained  forms  a  chocolate-coloured,  crystalline 
powder;  which  can  be  recrystallised  from  water,  but  not  without 
slight  decomposition. 

Action  of  Heat  on  the  Bctse  C10H11NO4. 

In  recrystallising  this  substance  from  boiling  water,  it  was  repeatedly 
noticed  that  if  the  boiling  is  continued  for  some  time,  decomposition 
takes  place,  and,  instead  of  the  thick,  tabular  plates  of  the  original 
substance,  thin,  glittering  plates  were  deposited  as  the  solution  cooled. 
These  were  collected,  recrystallised  from  water,  and  analysed  with 
the  following  results : — 

0*1794  gram  substance  gave  0'082I  gram  H2O  and  04125  gram 

01623  gram  substance  gave  10*1  c.c.  N;  ^  =  16**;  bar.  =  740  mm. 

Theory. 
CioHtfNO,.  Found. 

C 62-82  per  cent.  62*71  per  cent. 

H 4-71         „  508 

N 7*33        „  7*30 

This  substance  is  identical  with  the  anhydride  O10H9NO3  previously 
described  (p.  1013). 

The  base  doHnNOi  is  also  decomposed  when  heated  for  some  little 
time  at  its  melting  point,  and  the  residue,  after  recrystallisation  from 
water,  consists  of  the  pure  anhydride  C10H9NO8;  it  is  therefore 
probable  that  the  temperature  181 — 182*^,  given  as  the  melting  point 
of  the  base  C10H11NO4,  is,  more  correctly,  the  temperature  at  which 
this  substance  is  converted  into  the  anhydride  C10H9NO3. 

The  explanation  of  this  decomposition  is  that  the  componnd 
C10H11NO4,  being  both  an  acid  and  a  base,  on  heating  is  converted 
into  its  inner  anhydride,  thus : — 

+  HtO, 
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Action  of  Methyl  Iodide  on  the  Substance  C10H11NO4. 

In  assigning  the  correct  constitutioii  to  this  base,  it  was  very 
important  to  obtain  a  methyl  deriyative  which  on  heating  would  yield 
oxyhydrastinine,  thus : — 

TVith  this  object,  the  following  experiments  were  instituted : — 

1.  The  finely-divided  base  was  dried  at  IOC  and  heated  with  a  large 

excess  of  methyl  iodide  on  a  water-bath  for  two  hours. 

2.  The  pure,  dry  base  was  dissolved  in  methyl  alcohol  and  heated 

in  a  sealed  tube  at  100''  with  excess  of  methyl  iodide  for  one 
hour. 

3.  The  base  (1  mol.)  was  dissolved  in  methyl  alcohol,  a  solution  of 

potassium  hydrate  (1  mol.)  in  methyl  alcohol  added,  and  the 
whole  heated  with  excess  of  methyl  iodide  at  100°  for  two 
hours. 

4.  Sodium   ethylate  was  substituted  for  potassium  hydrate  in 

Experiment  3. 

In  no  case  could  any  methylated  base  be  isolated,  but  in  nearly 
every  experiment  an  almost  quantitative  yield  of  the  anhydride 
C10H9NO3  was  obtained.  It  is  possible  that  the  methylation  of  the 
base  might  take  place  at  lower  temperatures,  but  as  the  synthesis  of 
oxyhjdrastinine  was  accomplished  in  another  way  (p.  1034),  these 
experiments  were  not  continued. 

JXhenzoylamidoethylptperonylcarhoxyliG  A  cidy 
C^HwNOe  =  CH,<Q>CijH2<^jj^  (,g^.j^"g*^Q.^,^2^^  (?). 

As  all  attempts  to  prove  the  presence  of  an  amido-group  in  the 
substance  C10H11NO4  by  means  of  methyl  iodide  had  failed,  experi- 
ments were  next  tried  on  the  action  of  benzoyl  chloride  on  the  base, 
and  good  results  were  obtained  by  using  this  reagent,  together  with 
Hodium  hydrate  solution  (Baumann's  method).  2  grams  of  the 
pure  base  was  dissolved  in  warm  water,  and  50  c.c.  of  10  per 
cent,  sodium  hydrate  solution  and  7  grams  of  benzoyl  chloride  added 
alternately  in  small  quantities  at  a  time,  the  whole  being  well  cooled 
during  the  operation.  The  reddish,  resinous  substance  which  sepa- 
rated was  collected,  washed  with  water,  dissolved  in  boiling  methyl 
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alcohol,  and  the  solution,  after  being  concentrated  considerably, 
allowed  to  stand  24  hours.  At  the  end  of  this  time,  a  quantity  of 
almost  colourless  crystals  had  separated ;  these  were  collected,  washed 
well  with  methyl  alcohol,  recrystallised  from  this  solvent,  and 
analysed  with  the  following  result : — 

01492  gram  substance  gave  0*064  gram  HaO  and  0*3781  gram 

CO2. 
01446  gram  substance  gave  4*3  c.c.  nitrogen ;  t  =  14° ;  bar.  = 
747  mm. 

Theory. 
CMHigNOf.  Found. 

C 69-09  per  cent.  69*10  per  cent. 

H 4*56        „  4*79        „ 

N 3*85        „  3*42 

This  beautiful  substance  melts  at  148 — 150*",  with  slight  previous 
softening.  It  is  moderately  soluble  in  hot  alcohol,  chloroform,  and 
benzene,  but  only  sparingly  in  these  liquids  in  the  cold,  and  almost 
insoluble  in  water  and  light  petroleum.  It  is  insoluble  in  aqueous 
hydrochloric  acid  and  in  ammonia  in  the  cold,  and  seems  to  be  only 
very  slowly  attacked  by  these  reagents  on  boiling.  This  behaviour 
would  seem  to  indicate  that  hydrogen  atoms,  both  in  the  amido- 
and  carboxyl-groups  in  the  substance  CioHuNO*,  had  been  replaced 
by  benzoyl  as  shown  in  the  formula  assigned  to  this  substance  at  the 
head  of  this  section. 

Action  of  Nitrous  Add  on  Amidoethylpiperonylcarhoxylic  Acid.     For* 
mation  of  HydroxyethylpiperonylcarbosBylic  Acid  (p.  1020). 

In  order  to  further  confirm  the  formula  assigned  to  the  base 
CioHiiNOi,  its  behaviour  towards  nitrous  acid  was  carefully  studied. 

2  grams  of  the  pure  base  was  dissolved  in  100  c.c.  of  warm  water, 
1  gi*am  of  pure  sodium  nitrite  added,  and  then  dilute  hydrochloric 
acid  (2  c.c.  concentrated  HCl  and  10  c.c.  water)  gradually  poured  in, 
pieces  of  powdered  ice  being  thrown  in  from  time  to  time  to  prevent 
the  temperature  from  rising.  As  the  clear  solution,  even  on  standing, 
gave  no  precipitate,  it  was  heated  to  boiling  on  a  sand-bath  for  five 
minutes,  and  evaporated  to  about  50  c.c.  Abundance  of  nitrogen  and 
some  nitrous  acid  were  evolved  during  the  decomposition,  and  on 
standing  a  crystalline  precipitate  sepai^ated,  which  was  collected, 
washed  with  water,  recrystallised  from  this  solvent,  and  analysed  with 
the  following  results  : — 

I.  0*1448  gram  substance  gave  0*0577  gram  HtO  and  0*3310  gram 
CO,. 
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II.  0-1^9  gram  snbstance  gave  0*0638  gram  H2O  and  0-3698  gram 
CCa.   . 

Found. 

Theory.  r * «» 

CioHjO*.  I.  II. 

C 62-50  per  cent.  62-34    6279  per  cent. 

H 4-16        „  4-43      4-37 

0 33-33        „  32-23    3284 

This  snbstance  melts  at  126^,  and  is  identical  with  hydroxyethyU 
piperonylcarboxylic  anhydride^  obtained  by  the  action  of  potassinm 
hydrate  on  the  nitroso-componnd,  CioH8N(NO)08  (p.  1020).  Its 
formation  in  the  present  instance  is  readily  understood  from  the 
following  equations :- — 


CH,<g>CeH.<^^;  9       +  2H,0  +  N. 


CH,-CH, 

The  yield  of  the  substance  CigHeOi  obtained  in  this  reaction  was 
good,  but  not  quantitative. 

Synthesis  of  Anhydroberherilic  Acid. 

As  this  substance  is  produced  from  berberilic  acid  by  the  action  of 
heat,  and  as  berberilic  acid  on  hydrolysis  yields  hemipinic  acid  and 
the  base  CioHuNOi,  it  was  thought  probable  that  by  combining  these 
two  substances  under  suitable  conditions  a  partial  synthesis  of  an- 
hydroberherilic acid  might  be  accomplished. 

With  this  object,  the  hemipinic  salt  of  the  base  CioHuNOa  was  first 
prepared  as  follows: — 1*2  grams  of  hemipinic  acid,  dissolved  in 
10  grams  of  water,  was  mixed  with  1  gram  of  the  base  CioHuN04 
(dissolved  in  20  grams  of  water),  the  solution  evaporated  to  a  small 
bulky  and  allowed  to  stand  in  a  cold  place.  After  48  hours,  a 
quantity  of  pecuL'ar  light  yellow  balls,  grouped  together  in  reni- 
form  masses,  had  separated.  These  were  collected,  washed  with 
water,  dried  at  100**,  and  analysed  with  the  following  result : — 

0-2798  gram  substance  gave  7-6  c.c.  nitrogen;  t  =  19°;  bar.  = 
750  mm. 

Theory. 
OjoHsiNOio  (C,oH,iN04-CioHioOg).  Fomid. 

N 3-10  per  cent.  3*22  per  cent. 
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This  salt  melts  at  about  155 — 160°  with  deoomposition,  becoming 
solid  again  almost  at  once.  It  is  readily  soluble  in  hot,  moderately  iu 
cold  water. 

The  pure,  dry  salt  was  now  gradually  heated  to  180*  in  a  wide 
test-tube  in  an  oil-bath.  Decomposition  set  in  at  aboat  160°  with 
frothing  and  evolution  of  a  quantity  of  water-yapour ;  this  gradually 
subsided,  and  at  the  end  of  about  10  minutes  the  temperature  was 
i*aised  to  200*^  for  a  few  minutes  to  complete  the  reaction.  The 
resalting  light  brown  oil,  on  cooling,  solidified  to  a  hard,  transparent 
resin,  which,  however,  when  rubbed  with  a  glass  rod  moistened  with 
glacial  acetic  acid,  soon  became  crystalline.  The  solid  mass  was 
ground  up  and  dissolved  in  boiling  90  per  cent,  acetic  acid,  from 
which  it  separated  on  cooling  in  beautiful,  glistening  plates.  These 
were  collected,  recrystallised  from  acetic  acid,  and  analysed  with. 
the  following  result : — 

01718  gram  substance  gave  00680  gram  HjO  and  0-3786  gram 

0'2148  gram  substance  gave  6*3  c.c.  nitrogen ;  t  =  18^ ;  bar.  = 
750  mm. 

Theory. 

CjoHjyNOs.  Found. 

C 6015  per  cent.  60*10  per  cent. 

H 4-26        „  4*39 

N 3-51        „  3*41 

This  beautiful  substance  melts  at  236 — 237°,  and  is  identical  in 
every  respect  with  the  anhydroberberilic  acid  obtained  by  the  oxida- 
tion of  berberine,  as  described  above  (p.  1011).  The  formation  by  the 
above  reaction  is  readily  understood  from  the  following  equation : — 

The  yield  of  anhydroberberilic  acid  seemed  to  be  nearly  quantita* 
tive. 

Berheral^ 

C«,H„NO,  =  cH.O>^*^'<CO— N.CH..CH  >^*^'<0>^^' 

The  isolation  of  this  substance  from  the  mother  liquors  of  anhydro- 
berberilic acid,  CwHnNOg,  by  dilution  with  water,  as  explained  in 
Part  I  of  this  research  (p.   81),  requires  very  jcarefoUy  carrying 
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out,  as  otherwise  the  crystals  formed  are  so  mixed  up  with  tarry 
products  that  their  subsequent  purification  is  a  matter  of  the  utmost 
difficulty.  In  dealing  with  large  quantities  of  these  mother  liquors, 
the  bulk  of  the  acetic  acid  was  distilled  ofF,  the  hot  solution  mixed 
Mrith  a  very  small  quantity  of  boiling  water,  and  allowed  to  stand  for 
at  least  a  week ;  the  sides  of  the  vessel  containing  it  being  scratched 
in  several  places  with  a  glass  rod.  If  no  crystals  had  then  formed, 
a  small  quantity  more  water  was  added,  and  the  solution  again 
allowed  to  stand,  this  treatment  being  repeated  until  the  crystals 
deposited  are  so  contaminated  with  tar  that  subsequent  purification 
was  almost  impossible.  In  any  case,  a  considerable  quantity  of  the 
substance  remains  in  the  mother  liquor.  The  yield  varies  with 
different  preparations,  but  is  rarely  more  than  10  grams  from  1  kilo, 
of  berberine  hydrochloride. 

A  very  pure  sample  of  berberal  was  subjected  to  analysis  with  the 
following  results : — 

01433  gram  substance  gave  0*0590  gram  H3O  and  0*3289  gram 

CO,. 
01995  gram  substance  gave  6'5  c.c.  N ;  ^  =  18*8° ;  bar.  =  760  mm. 

Theory.  Mean  of  previous 

CfoS.ijJfOj,  Found.  analynes. 

C 62*66  per  cent.     62-63  per  cent.     62*66  per  cent. 

H 4*43        „  4-57        „  4*62 

N 3*66        „  3*76        „  3*77 

The  properties  of  berberal  are  given  in  detail  in  Part  I  of  this 
research  (p.  82). 

In  the  former  paper  (p.  83),  it  was  mentioned  that  a  solution  of 
0*7558  gram  of  berberal  in  42*1296  grams  of  glacial  acetic  acid 
(m.  p.  16*447°)  was  employed  for  the  determination  of  the  molecular 
weight  of  the  substance  by  Baoult's  method.  This  solution,  on 
standing  for  18  months,  deposited  long,  colourless,  transparent, 
prismatic  needles ;  these  were  collected,  washed  with  a  little  acetic 
acid,  and  drained  on  a  porous  plate.  The  crystals  melted,  not  very 
sharply,  at  115 — 120*.  When  heated  at  106°  for  some  hours,  they 
became  chalky,  giving  off  acetic  acid.  The  residual,  very  brittle  mass 
melted  at  148 — 150°,  and  gave,  on  analysis,  the  following  numbers : — 

0*2057  gram  substance  gave  6*8  c.c.  N ;  <  =  15*5° ;  bar.  =  740  mm. 

Theory. 
CaoHi-NOy.  Found. 

N 8-66  per  cent.  3-72  per  cent. 

The  substance  was  berberal,  which,  therefore,  under  certain  condi* 
tioDSy  crystalliseB  with  acetic  acid  in  long,  thin,  transparent  prisms. 
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Hydrolysis  of  Berheral.     Prepnration  of  Fseudopianic  Acid^ 
CH30>^*^*<C00H  t^^»^  •  ^^'^  •  ^^^ '  ^^^^  =1:2:3:4]. 

The  most  important  property  of  berberal,  and  the  property  which 
affords  the  best  clue  to  its  constitution,  is  the  decomposition  which 
it  undergoes  when  boiled  with  dilute  sulphnrio  acid,  when  it  is  split 
up  into  pseudopianic  acid  and  amidoethylpiperonylcarboxylic  an- 
hydride (p.  1013),  thus  :— 

C»H„N07  +  H,0  =  C10H10O5  +  Cu»HJS*Ot. 

In  carrying  out  this  hydrolysis,  the  very  finely-divided  pure  sub- 
stance is  transferred  to  a  flask  connected  with  a  reflux  apparatus  and 
boiled  briskly  with  an  excess  of  dilute  snlphuric  acid  (25  per 
cent.),  the  whole  being  vigorously  shaken  from  time  to  time.  In  tbe 
coarse  of  aboat  half  an  hour,  the  greater  part  of  the  substance  dis- 
solves, forming  a  deep  reddish-brown  solution,  in  which  a  small 
quantity  of  a  tarry  matter  swims  about.  This  tarry  substance, 
which  completely  solidifies  on  cooling,  is  ooUected,  washed  with  water, 
and  recry  stallised  from  alcohol .  When  analysed,  it  gave  the  following 
result : — 


eaiif: — 

01440  gram  substance  gave  0*0607  gram  H,0  and  0*3302  gram 
CO.. 

Theory. 
CaoHiyNOy.  Found. 

C 62*66  per  cent.  62*53  per  cent. 

H 4-43        „  4-68 

It  melts  at  149^,  and  consists  of  unchanged  berberal. 

The  conditions  in  the  experiments  on  the  hydrolysis  of  berberal 
were  very  considerably  varied,  but  in  every  instance  similar  tarry 
substances  were  formed  which  did  not  become  appreciably  less  even 
after  six  hours'  boiling.  It  is  probable  that  the  small  quantity  of  tar 
always  produced  coats  a  certain  portion  of  the  berberal,  and  thus 
prevents  it  from  coming  in  contact  with  the  acid ;  and,  indeed,  unless 
the  berberal  employed  be  very  pure  and  in  a  very  fine  state  of 
division,  it  is  scarcely  attacked  by  boiling  dilute  snlphuric  acid. 
The  products  of  the  hydrolysis  were  isolated  as  follows : — 
The  acid  liquor  was  evaporated  to  about  three-fourths  of  its  bulk, 
extracted  20  times  with  ether,  the  ethereal  solution  washed  with  a 
little  water,  and  evaporated.  The  yellowish- white  crystalline  residue, 
which  contains  two  substances,  was  boiled  with  a  little  very  dUnte 
sodium  carbonate  solution,  until  completely  dinolved,  and  the 
alkaline  liquid  filtered  and  allowed  to  stuui  in  a  cold  plaoe  for 
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hours.     The  crystals  which  separated  were  collected,  washed  with  a 
little  water,  and  recrygtallised  from  this  solvent. 

Thej  then  melted  at  182®,  and  were  fonnd  to  consist  of  the 
pure  amidoethylpiperonylcarbozjlic  anhydride  CioHgNOs  (p.  1013). 

Analysis : — 

0*1153  gram  sahstance  gave  00536  gram  HjO  and  0*2650  gram 
COa- 

Theory. 
CjoH^NOj.  Found. 

C 62-82  per  cent.  62-68  per  cent. 

H 4-71        „  5-16 

-As  the  anhydride  CioHjNOs  is  only  sparingly  solnhle  in  ether,  the 
amount  extracted  in  this  way  is  small,  and  the  bulk  of  the  substance 
remains  behind  in  the  sulphuric  acid  liquors.  To  recover  it,  the 
liquors  are  boiled  with  excess  of  barium  carbonate,  filtered  hot,  and 
evaporated  to  a  small  bulk;  the  solution,  on  cooling,  deposits  a 
quantity  of  crystals  of  almost  pure  anhydride,  CioHjNOa. 

The  alkaline  solution  from  which  the  small  quantity  of  the  an- 
hydride, GioHsNOa,  had  crystallised,  as  described  above,  was  evapo- 
rated to  half  its  bulk,  cooled  well,  filtered  from  a  small  quantity  of 
the  anhydride  which  separated,  and  acidified  with  hydrochloric 
acid.  The  beautifully  white,  crystalline  mass  which  separated 
was  collected,  washed  with  water,  and  purified  by  repeated  recrystal- 
lisation  from  this  solvent.  An  analysis  of  a  portion  of  the  substance, 
dried  at  100°,  gave  the  following  numbers : — 

0*1591  gram  substance  gave  0*0722  gram  HaO  and  0*3332  gram 
CO,. 

Theory. 

0H,O-^^«^»^COOH  •  Found. 

C 67*14  per  cent.  5713  per  cent. 

H 4*76        „  504        „ 

0 38*09        „  37*83        „ 

Pseudopianic  acid  melts  at  121 — 122°.  It  is  readily  soluble  in  hot 
water,  alcohol,  acetone,  benzene,  and  chloroform,  sparingly  in  cold 
water  and  light  petroleum.  It  crystallises  from  hot  water  in  long, 
slender  needles,  grouped  tegether  te  a  wool-like  mass ;  from  benzene 
it  crystallises  in  slender  needles,  and  from  chloroform  in  long,  flat 
needles.  In  its  appearance  and  properties  it  bears  considerable 
resemblance  to  opianic  acid.  When  warmed  with  phenol  and  much 
sulphuric  acid,  a  green  solution  is  formed,  which,  on  further  heating, 
becomes  violet-brown ;  the  addition  of  an  equal  bulk  of  water  to  this 
produces  a  beautiful  violet  solatLon,  which,  on  the  careful  addition  of 
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alkali,  tarns  first  a  brilliant  blue  and  finally  green.  (Compare  the 
Formation  of  Opiauriu  from  Opianic  Acid.  Liebermann  and  Seidler, 
Ber.,  20,  873.) 

Fusion  of  Pseudopianic  Acid  with  Potassium  Hydrate. — ^A  smftll 
quantity  of  the  acid  was  dissolv^ed  in  a  strong  solution  of  potassium 
hydrate,  the  liquid  evaporated  in  a  silver  dish,  and  the  residue  gently 
fused  at  about  180 — 200°.  The  residue  was  dissolved  in  water, 
acidified  with  dilute  sulphuric  acid,  and  repeatedly  extracted  with 
ether.  The  ethereal  solution,  on  evaporation,  deposited  a  thick,  pale- 
brown  syrup,  from  which,  on  standing,  a  small  quantity  of  a  crystal- 
line substance  separated.  The  solution  of  the  latter  in  water  gave, 
with  ferric  chloride,  an  intense  green  coloration,  becoming  violet,  and 
ultimately  red,  on  the  addition  of  sodium  bicarbonate ;  it  also  reduced 
Fehling's  solution  and  ammoniacal  nitrate  of  silver  in  the  cold. 

This  experiment  shows  that  pseudopianic  acid  is  a  catechol 
derivative. 

Estimation  of  the  Methvxyl  Orowps  in  Pseudopianic  Acid  by  ZeiseVs 
Method. — The  previous  experiment  showed  that  pseudopianic  acid 
contains  two  hydroxyl  groups  in  the  ortho-position ;  but  as  the  acid 
itself  gives  no  coloration  with  ferric  chloride,  it  follows  that  these 
must  be  present,   either  as  two   methoxy-groups  (CHjO)  or  as  a 

methylene  dioxy-group  (CH8<q).     In  order  to  decide  this  point 

the  action  of  faming  hydriodic  acid  on  the  acid  was  investigated ; 
the  apparatus  described  by  Zeisel  (Monatsh,,  6,  995)  being  employed 
for  the  purpose. 

0'8726  gram  substance  was  heated  with  a  large  amoaut  of  faming 
hydriodic  acid  (sp.  gr.  1'96),  and  the  escaping  methyl  iodide, 
led  into  an  alcoholic  solution  of  silver  nitrate,  gave  0'8164  gram 

Agl. 

Theory  for  2(OCHj)  groups 

in  CioHioOt.  FoniuL 

(OCHs) . . .     29-6  per  cent,  2a-9  per.  cent. 

Pseudopianic  acid,  therefore,  contains  two  methoxy-groups  in  the 
ortho-position. 

Basicity  of  Pseudopianic  Acid. — In  order  to  determine  the  basicity 
of  this  acid,  a  weighed  quantity  was  dissolved  in  water  and  titrated 
with  a  standard  solution  of  potassium  hydrate,  with  the  result  that 
the  acid  was  shown  to  be  monobasic. 

08432  gram  substance  required  for  neutralisation  41*3  c.c.  of 
potassium  hydrate  solution,  1  c.c.  of  which  contained  0*005461 
gram  KOH. 

This  corresponds  with  0*2256  gram  KOH,  and  agrees  cloaely  with 
the  amount  required  for  a  monobasic  acid,  that  is,  0*2249  gram. 
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Salts  of  Psettdnpiamc  Acid. — In  order  to  prepare  the  salts  of  thiH 
acid,  the  pnre  stibstance  was  dissolved  in  hot  water,  a  slight  excess  of 
ammonia  added,  and  the  solution  allowed  to  stand  over  onlphnric  acid 
until  quite  neutral.  On  adding  silver  nitrate  to  this  neutral  solution, 
a  white,  crystiilline  precipitate  of  the  silver  salt,  CioHQO^g,  was 
formed.  This  was  collected,  well  washed  with  water,  dried  on  a 
porous  plate  over  sulphuric  acid  in  a  vacuum,  and  analysed  witli  the 
following  result : — 

0-1960  gram  substance  gave  00569  gram  HjO,  0-2709  gram  COj, 
and  00662  gram  Ag. 

Theory. 
CjoHjOjAg.  Found. 

C 37*85  per  cent.  3770  per  cent. 

H 2-84        .,  3-22 

Ag   3407        „  33-77 

This  salt,  when  examined  under  the  microscope,  is  seen  to  oonsist 
of  slender  needles ;  these  aro  moderately  readily  soluble  in  hot  water, 
and  when  heated  in  a  capillary  tube  decompose  at  about  195"*  with 
blackening. 

A  dilute  neutral  solution  of  the  ammonium  salt  shows  the  following 
behaviour  with  reagents : — 

Copper  Sulphate, — ^A  pale  green,  amorphous  precipitate,  especially 
on  warming. 

Lectd  Acetate, — A  white,  amorphous  precipitate, .  soluble  in  hot 
water. 

Zinc  Sulphate, — A  white,  amorphous  precipitate,  more  readily  pro- 
duced in  warm  solutions. 

Calcium  Chloride  and  Barium  Chloride, — ^No  precipitate. 

The  potassium  salt  of  pseudopianic  acid  separates  from  its  con- 
centrated solution  in  long,  transparent  needles,  on  the  addition  of 
strong  potassium  hydrate  solution  (sp.  gr.  1'4).  It  is  very  readily 
soluble  in  water. 

Action  of  Potassium  Hydrate  o»i  Pseudopianic  Add,  Formation  of 
Veratric  Acid,  (CH,0)aCeH,-COOH  [CH3O  :  CH3O :  COOH  =  1:2:4]. 

According  to  Matthiessen  and  Forster  (Anndlen,  Suppl.  1,  332), 
opianic  acid  is  decomposed  by  boiling  concentrated  potassium  hydrate 
into  meconine  and  hemipinic  acid,  thus :— 

CH,0>^p  „  ^COOH 
CH»0^'^'^'"*^COOH- 
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Pseudopianio  acid,  when  similarly  treated,  is  acted  on  quite  differ- 
ently, the  products  of  its  decomposition  being  yeratric  and  formic  (?) 
acids,  thus : — 

ci:0>C-H.<go?H  +  2K0H  =  g|g>CA-COOK  + 

H-COOK  +  H,0. 

In  studying  this  decomposition,  the  acid  was  dissolved  in  a  little 
dilute  potassium  hydrate,  an  excess  of  a  concentrated  solution  of 
potassium  hydrat-e  (sp.  gr.  1*4)  added,  and  the  whole  boiled  for  one 
hour.  The  potassiam  salt  of  pseudopianio  acid,  which  first  separates 
out,  dissolves  readily  on  warming,  and  the  solution,  although  it 
remains  quite  clear,  becomes  slightly  yellow  as  the  reaction  proceeds. 
The  product  was  dilated  with  a  considerable  qnautity  of  water, 
acidified  with  hydrochloric  acid,  and  extracted  ten  times  with  pure 
ether.  The  ethereal  solution,  after  washing  with  a  little  water  and 
drying  over  calcium  chloride,  deposited,  on  evaporation,  a  yellowish, 
crystalline  residae,  which,  after  repeated  recrystallisation  from  hot 
water,  was  obtained  pure,  in  the  form  of  colourless  needlds. 

Analysis : — 

0'1308  gram  substance  gave  0*0640  gram  HjO  and  02855  gram 
CO,. 

TheoTT. 

C9H10O4.  Found. 

G 5934  per  cent.  59*53  per  oent 

H 5-49        „  5-44        „ 

0 3517        „  3503 

The  acid  melts  at  176 — ITS**.  It  is  readily  soluble  in  hot,  but 
only  sparingly  in  cold  water ;  the  hot  solution,  on  cooling,  depo3its 
the  substance  in  slender  needles.  It  is  also  readily  soluble  in 
alcohol  and  ether,  and  its  aqaeous  solution  gives  no  coloration  with 
ferric  chloride.  From  the  results  of  the  analysis  and  the  study  of  the 
properties  of  this  substance,  there  can  scarcely  be  a  doubt  that  it  is 
veratric  acid,  which  melts  at  1 79*5*'. 

In  order,  however,  to  be  certain  of  the  identity  of  the  two  sub- 
stances, the  acid  from  pseudopianio  acid  was  converted  into  the 
voluminous,  crystalline  silver  salt,  and  this,  after  careful  drying, 
digested  for  half  an  hoar  with  methyl  iodide  and  a  quantity  of  pure 
ether.  The  ethereal  solution  was  filtered  from  the  precipitated  silTor 
iodide,  evaporated,  and  the  residual,  colourless,  crystalline  mass 
purified  by  repeated  recrystallisation  from  a  mixtare  of  benaene  and 
light  petroleum.  In  this  way,  the  methyl  salt  was  obtained  in  the 
form  of  colourless  needles  melting  at  58 — 59"*;   this  corresponds 
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exactly  with  the  melting  point  of  methyl  veratrate.  Unfortunately 
the  amount  of  methyl  salt  obtained  was  too  small  for  analysis  ;  but  a 
direct  comparison  of  the  acid  and  its  methyl  salt  with  veratric  acid 
and  its  methyl  salt  left  no  doubt  as  to  the  identity  of  the  two 
preparations. 

According  to  the  equation  at  the  head  of  this  chapter,  which  is 
supposed  to  represent  the  action  of  potassinm*  hydrate- on  pseudopianic 
acid,  formic  acid  should  be  produced.  In  order  to  test  this,  the  acid 
liquors  from  which  the  veratric  acid  had.  been  extracted  by  ether,  as 
explained  above,  were  distilled  in  steam.  The  distillate  had  a  dis- 
tinctly acid  reaction  and  slight  reducing  powers,  but  the  quantity  of 
formic  acid,  which  in  any  case  could  have  been  present,  was  so  small, 
that  this  test  can  scarcely  be  looked  on  as  satisfactory. 

Oxime  of  Pseudopianic  Acid,  CH  0^^*^^COOH     * 

In  order  to  prepare  this  interesting  substance,  1  gram  of  the  pure 
acid  was  dissolved  in  dilute  potassium,  hydrate  solution  (containing 
3  grams  of  EOH),  a  solution  of  1  gnun  of  hydroxylamine  hydro- 
chloride in  a  little  water  added,  and  the  whole  allowed  to  stand  for 
24  hours.  The  product  was  rendered  slightly  acid  with  hydrochloric 
acid,  the  white,  sandy  precipitate  which  separated  collected,  washed 
well,  and  dried  on  a  porous  plate  over  sulphuric  acid  in  a  vacuum.  It 
gave  the  following  results  on  analysis : — 

0*1842  gram  substance  gave  0*0660  gram  H,0  and  0*3577  gram 

CO,. 
0*1997  gram  substance  gave  11*2  c.c.  N ;  <  =  20° ;  bar.  =  740  mm. 

Theory. 
CioHjiNOj.  Found. 

C 53*33  per  cent.  5*2*91  per  cent. 

H 4*88        „  5*30 

N 6-22        „  6*20 

Pseudopianic  oxime  melts  approximately  at  124^,  but  its  melting 
point  could  not  be  accurately  determined,  owing  to  the  fai^t  that  the 
substance  decomposes  entirely  at  about  120''  with  evolution  of  gas, 
and  it  then  becomes  quite  solid,  but  melts  again  at  about  215''.  The 
study  of  this  decomposition  is  given  in  the  next  section.  Pseud- 
opianic oxime  crystallises  from  water  in  little  balls  of  needles.  It  is 
readily  soluble  in  alkalis  and  alkaline  carbonates,  also  in  hot  water 
and  alcohol,  but  only  sparingly  so  in  benzene,  chloroform,  and  light 
petroleum. 

VOL.  LVII.  4  B 
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Action  of  Heat  on  the  Oxime  of  Pseiidopianic  Acid. 
Formation  of  Eemipinimide^  C^O^^*^*^CO^^^* 

The  anbydride  of  the  oxime  of  opianic  acid,  when  heated  slight! j 
above  its  melting  point  (115^),  undergoes  «  very  remarkable  molecalar 
change,  and  is  converted  into  hemifRnimide  (Liebermann,  J?er.,  19, 
2^24). 

As  already  stated,  the  oiime  of  psendopianic  acid  is  decomposed 
at  its  melting  point,  and  on  studying  this  reaction  it  was  found  that 
in  this  case  also  hemipinimide  is  formed,  ihns : — 

This  very  important  fact  proves  conclusively  that  psendopianic  acid 
has  the  constitution 

ChIo>^*^»<COOH  t^'B^'O  •  CH,0  :  C©H  :  COOH  =1:2:3:4]. 

The  conversion  g¥  the  oxime  of  psendopianic  acid  into  hemipin- 
imide may  be  accomplished  in  a  variety  of  ways,  as,  for  instance,  by 
boiling  with  dilute  hydrochloric  acid ;  but  the  simplest  method  is  to 
heat  the  substance  for  about  10  minntes  ina  test-tube  at  160 — 180^. 
The  crystals  first  melt,  then  water  wapour  is  given  off,  and  the  whole 
finally  solidifies  to  a  hard,  crystalline  cake.  This  is  ground  up,  dis- 
solved in  the  least>quantiiyof  boiling  alcohol  (it  is  but  very  sparingly 
soluble  in  this  solvent),  filtered,  and  the  solution  allowed  to  stand. 
In  a  short  time  needle-shaped  crystals  separate,  which  consist  of  pure 
hemipinimide. 

Analysis : — 

0*1856  gram  substasee  gave  11'2  c.c.  of  nitrogen  ;  ^  =  23 ;  bar.  = 
756. 

Theory. 
QmH^NOv  Found. 

N 6*77  per  cent.  678  per  cent 

The  substance  melted  at  224 — 226^,  and  showed  all  the  properties 
of  hemipinimide. 

Oxime  of  Opianic  Addy  dj'o^^'^'^CH'NOH* 

Liebermann  {Berichtey  10,  2923)  found  that  when  opianio  add  or 
its  ethyl  salt  is  treated  in  alcoholic  solution  with  hydrozjlamine 
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hydrochloride  in  the  cold,  a  substance,  GiAN04'(opianoxime  anhydr- 
ide), is  formed,  which  wonld  seem  to  be  the  inner  anhydride  of  the 
oxime  of  opianic  aoid,  CioHnNOs,  «iid  he  thns  seems  to  draw  the  con- 
clusion from  his  experiments  that  the  oxime  itself  is  not  capable  of 
existence.  This  substance  may,  however,  be  readily  prepared  in  the 
following  way : — The  pnre  acid  (1  mol.)  is  dissolyed  in  a  dilute  solu- 
tion of  potassitun  hydrate- (4  mols.),  mixed  with  hydroxylamine  hydro- 
chloride (1^  mols.),  and  lef  fc  for  12  hours.  If  the  clear  solution  is  then 
acidified  and  allowed  to  stand,  long,  slender,  needle-shaped  crystals 
sepai-ate ;  these  are  collected,  well  washed  with  water,  and  dried  for 
some  days  on  a  porous  plate  at  the  ordinary  temperature  and  then 
for  a  few  minutes  at  50^.  This  substance  is  the  oxime  of  opianic 
acid,  as  is  apparent  iirom  the 'following*  analytical  results: — 

01630  gram  substance  gave  0*0738  gram  H,0  and   0*3227  gram 

CO,. 
0*1604  gram  substance  gave  8  0  c.c.  nitrogen ;  ^  =  14' ;  bar.  = 
740  mm. 

Theoiy. 
CioHuNO^.  Found. 

C ^3*33  per  eent.  53*37  per  cent, 

H 4*88        „  5*03 

N 6*22        „  6:09        „ 

The  oxime  of  opianic  acid  melts  at  about  :82—  83?,  but  the  melt- 
ing point  varies  considerably  with  the  rapidity  with  which  the  heat- 
ing is  conducted ;  on  f  aither  ^rapid  heating,  lit  'remains  liquid  till 
about  130°,  when  it  suddenly  becomes  solid,  owing  to  formation  of 
hemipinimide,  thus : — 

ch30>^«^»<ch:noh  =  .chIo>^*''^"'^co>^^  +  ^»^- 

This  remarkable  isomeric  change  takes  place  sometimes  at  much 
lower  temperatures ;  thus,  if  the  oxinie  is  heated  at  80°,  afber  some 
time  the  whole  becomes  converted  into  a  «oHd  cake  of  hemipinimide. 
This  change  is  accompanied  by  the  evolution  of  a  very  considerable 
amount  of  heat  (compare  Liebermann,  Bdr.,  10,  2924),  and  in  one 
case,  when  an  ether^  solution  of  about  10  grams  of  the  oxime 
was  evaporated  on  a  water- bath,  ithe  temperature  rose  so  rapidly  as 
to  crack  the  flask  in  several  places. 

The  oxime  of  opianic  acid  is  extremely  soluble  in  alcohol,  readily 
in  ether,  hot  chloroform,  and  benzene,  but  only  spariogly  in  light 
petroleum  and  carbon  bisulphide.  It  is  very  readily  soluble  in  warm 
water,  moderately  in  cold  water ;  the  hot  solution,  on  cooling,  deposits 
the  substance  in  needles. 

49  2 

Digitized  by^OOQlC 


1072  W.  H.  PERKIKy  JUN^  ON  BKRBE^tlXE. 

If,  however,  the  aqueons  solution  is  hoiTed  for  a  short  time,  decom- 
position into  waier  and  opianoxime  anhydride  takes  place,  and  on 
cooling,  tliis  anhydride  separates  in  small,,  colourless,  needle-shaped 
crystals.  These,  after  recrystallisation,  and  drying,  for  some  days  at 
the  ordinary  temperature  and  then  for  a  few  miinntes  at  40 — 50^,  gave 
the  following  results  on  analysis  r — 

0*1739  gram  substance  gare  00720  granv  H,(>  and  0*3667  gram 

CO.. 

Theory. 

OioH904.  Found. 

C 57-97  per  cent.  57*51  per  cent. 

H 4*34        „  4*60 

This  substance  showed  all  the  properties  ascribed  to  opianoxime- 
anhydride  by  Liebermann  {Ber.y  19,  2923).  The  crystals  melted 
apparently  at  112 — 115°,  but  the  mass  solidified  again  at  once,  owing 
to  its  being  converted  into  hemipinimide.  This  decomposition  of  the 
oxime  of  opiamic  acid  into  its  anhydride  is  probably  represented  by 
the  equation 

CH,0  COOH  CH,  COO 

ch.o>^'^'<ch:noh  =  CH.o>^'^<CH:Br  +  ^'^- 


Bedudion  of  Pseudopianic  Acid,    Formation  of  Pseudomecontne^ 

Opianio  aoid  is  readily  reduced  by  sodium  amalgam  with  formation 
of  meoonine  (Matthiessen,  Foster,  Ghem,  Soc.  /.,  1863,  446)  :— 

Pseudopianic  acid  under  the  same  treatment  yields  pseudomecon- 
ine,  thus: — 

ci:0>0^'<So?H  +  H«=  CH:8>C.H.<<S'>0  +  H.O. 

1  gram  of  the  pure  acid  was  dissolved  in  a  dilute  solution  of  sodium 
carbonate,  and  then  50  grams  of  2^  per  cent,  sodium  amalgam  gradu- 
ally added.  After  standing  for  24  hours,  the  aqueous  layer  was 
poured  off  the  mercury,  nearly  neutralised,  filtered,  and  acidified  with 
hydrochloric  aoid.  The  white,  ciystalline  precipitate  which  separated 
was  collected,  washed  with  water,  and  recrystallised  from  this  solvent. 
The  crystals  obtained  melted  between  117°  and  122°,  and  were  there- 
fore not  quite  pure ;  they  were  dissolved  in  hot  water,  the  solution 
cooled  until  the  substance  just  commenced  to  crystallise  out,  two  or 
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throe  drops  of  socJiam  carbonate  Bolntion  added,  and  the  whole 
allowed  to  stand  until  quite  cold.  The  resulting  colourless  needles 
were  collected,  washed  with  water,  dried  est  100®,  and  analysed 
with  the  following  result : — 

01525  gram  smbstanee  gave   00716  gram  HjO  and  0*3450  gram 
CO,. 

Theory. 

CioHmO^.  Found. 

C ^  . .     61-85  per  cent,  561*69  per  cent. 

H 616        ^,  5*22 

0 32*99       .„  33-09 

This  substance  melts  at  123 — 124**,  and  is  in  all  its  properties 
identical  with  pseudomeconine,  which  Salomon  (Ber.y  20,  884)  ob- 
tained by  boiling  nitrosohem^pinimidine  with  sodium  hydrate : 

cSo>CeH.<??>N<NO)  =  g|g>aH,<CH>0  +  N. 

Pteudomeconimc  Acid,  ch!o>^«^»<Co6h^- 

In  experimenting  with  meconine  and  pseudomeconine,  it  was 
found  that  although  they  are  very  similar  in  their  general  reactions, 
yot  they  differ  widely  in  the  following  respect : — 

Meconine  dissolves  readily  in  dilute  sodium  hydrate  solution  with 
formation  of  the  sodium  salt  of  meconinid  acid : — 

On  the  addition  of  acids,  the  free  meceninic  aoid  is  at  once  split  up 
into  its  anhydride,  meconine,  and  water  thus : — 

CH30>^'°*<CH,.0H  =  ChIo>C«H.<ch>^  +  ^'0- 

Pseudomeconine  is  also  readily  soluble  in  alkalis,  with  formation  of 
a  salt  of  pseudomeconinic  acid,  and  on  acidifying,  the  free  acid,  which 
is  much  more  stable  than  meconinic  acid,  does  not  decompose,  but 
gradually  separates  in  a  pure  condition  in  the  form  of  long,  slender, 
colourless  needles.  A  quantity  of  this  beautiful  acid  was  prepared, 
washed  with  water,  dried  at  the  ordinary  temperature  for  some  days, 
and  then  at  40—50°  for  some  minutes,  and  analysed  with  the  follow- 
ing results : — 

0*1446  gram  substance  gave  00728  gram  Hrf)  and   0'3007  gram 
COj. 
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Theory. 
CHsOn^/i  it  ^CHjOH: 
CH,p->^»^2^C00H.  •  Found. 

C 56-60  per  cent.  5671  per  cent. 

H 5-66        „  5-60        „ 

o... .-  3773.     „  sr^eQ*     „. 

Pseudomeconinic  add  is  very  readily,  converted  into  pseadomeconine 
on  heating,  and*  it  therefore  shows  practically  the  same  melting  point 
as  the  latter,  the  melting  of  the  substance  in  this  case  being;  hovrever, 
accompanied  by  eyolntion  of  bubbles  of  gas  (steam).  It  is  much 
moro  soluble  in  water  and  in  most  other*  solvents  than  pseudo- 
meconine,  and  differs  from  its  anhydride  in  the  fact  that  it  dissolves 
readily  in  a  soliition  of.' sodium  carbonate  in  the  cold.  When  boiled 
with  water,  pseudomeconinic  acid  dissolves,  and,  on  cooling,  beaatif al 
needle-shaped  crystals  of  pseudomeconihe  separate.  In  this  respect, 
and  in  its  general  behaviour,  this  acid  showa  a  great  similarity  to 
tt>-hydroxyethylpiperonylcarboxylic  acid, 

CH.<g>C.H.<CO^g^.Q^  (p.  1020). 

The  wide  difference  in  tendency  to  form  inner  anhydrides  exhibited 
by  two  such  closely  allied  substances  as  meooninio  acid<  and  pseudo- 
meconinic acid  is  very-  interesting,  and  experiments  are-  in*  progress 
with  a  view  to  obtaining  furthon  evidence  which  may  throw  light  on 
this  point. 

Salts  of  Pseudomeconinio  Acid, — Pseudomeconinic  acid  is  a  strong 
monobasic  acid,  as  the  following  experiments  show : — 

0*3477  gram  of  the  pure  acid  was  dissolved  in  an.  excess  of  standard 
KOH  solution,  and  the  excess  titrated  back  with  standard  sulphuric 
acid,  using  phenolphthalein  as  an  indicator.  It  was  found  that  this 
amount  of  substance  required  for  neutralisation  0*0987  gram  KOH, 
whereas  on  the  assumption  that  a  salt,  CioHuOiK,  had  been  formed, 
0  0915  gram  of  KOH  is- required. 

Silver  Pseudomeconinate,  GioHnO^Ag. — To  prepare  this  salt,  the 
pure  acid  was  dissolved  in  a  slight  excess  of  a  dilute  solution  of  am- 
monia, the  excess  of  ammonia  allowed  to  evaporate  over  sulphuric 
acid,  in  a  vacuum,  and  the  neutral  solution  precipitated  with  nitrate 
of  silver..  A  white,  curdy  precipitate  was  obtained,  which  rapidly 
became  crystalline.  It  is  readily  soluble  in  hot  water,  and  crystal- 
lises  on  cooling  in  long,  slender  needles. 

Analysis: — 
I.  0-1724  gram  substance  gave  00539  gram  HtO,  0*2370  gram 

CO,,  and  00583  gram  Ag. 
II.  0*4372  gram  substance  gave  0*1484  gram  Ag. 
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Found. 

TLeory.  / * ^ 

CjoHnOaAg.  L  II. 

C 37-66  per  cent.  37'49        —percent. 

H 3-45        „  3-48        — 

Ag. 33-77        „  33-89     33-94     „ 

The  neutral  solution  of  the  ammoninm  salt  gives  no  precipitatate 
with  lead  acetate,  bariom  chloride^  or  zinc  sulphate ;  a.  bright  green 
precipitate  is  produced  on  the. addition  of  copRpr  sulphata 

Action  of  Alkdlie  on  BerheraL . 

Formation  of  Pseudopiante-Amd,  OioHioOt ;  Pseudopianate^oft  wfAmvlo' 
ethylp%peronylcarho»yl%c  Anhydride^  GaoSisNOg;  and  of  lorAmidoethyU 
piperonyloarhoxyUc  Anhydride,  JDioHJ^Oz, 

Berberalis  insolable  in  aqueons  alkalis  and  in  alkaline  carbonates, 
bat  when  treated  with  alcohoKo  potash,  it  is  readily  decomposed, 
and  on  the  addition  of  an  acid,  the  above  three  substances  are  obtained, 
the  study  of  which  has  afforded  a  clear  insight  into  the  constitution 
of  berberal. 

In  carrying  out  this  hydrolysis,  finely  powLered  berberal^is  mixed 
into  a  thin  paste  with  a  little  methyl  alcohol,  heated  just  to  boiling, 
and  then  methyl  alcoholic  potash  addei  drop  by  drop  until  the 
substance  has  just  dissolved,  and  a  drop  of  the'*Rohition  mixed  with 
warm  water  gives  only  a  very  slight  precipitate.  Water  is  now 
added,  the  solution  boiled  until  free  from  alcohol,  acidified  with  dilute 
hydrochloric  acid,  and  allowed  to  stand  in  a  cool  place  for  an  hoar. 
A  new  substance  is  thus  obtained  in  colourless  needles,  which,  aft  'r 
recrystallisation  from  water*  and  drying  at  100°,  gave  the  following 
numbers  on  analysis : — 

I.  0-1114  gram  substance  gaveO'0542  gram  H3O  and  0*2438  gram 
CO,. 
01180  gram  substance  gave  3*7  c.c.  nitrogen ;  t  =-18°  ;  bar. 
=  725  mm. 
II.  0*1540  gram  substance  gave  00714  gram  H,0  and  0  3389  gram 
CO,. 
III.  0-1069  gram  substance  gave  0-0488'>gram  HzO   and  0*2336 
gram  CO,. 


Found* 

Theory.  / * , 

C^oHjjNOs.  I.  II.  Ill; 


C 59-85  per  cent.        5958    59*85    59*69  per  cent. 

H 4-74        „  5*20      5*04      507 

N 3*49        „  3-58      —  —  „ 
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This  new  substance  is  the  pseudopianate  of  iv^amidoeihylpiperonyU 
carboxylio  anhydride  (p.  1080),  and  has  the  oonstitation 

^^'^>^P  H  ^COH^O 0 

CH,0>^'^'<COONB.-CH,.CH>^*^'<0>^^- 

It  melts  at  149'',  and  as  this  temperature  corresponds  very  closelj 
with  that  noticed  as  the  melting  point  of  berberal  (14d — 150*),  it  is 
probable  that  at  this  temperatare  the  substance  CmHisNOs  is  con- 
verted into  berberal  with  elimination  of  water,  thus  : — 

CtoHwNOg  =O«flB[i7N07  +  HjO, 

a  change  which  certainly  takes  place  at  higher  temperatures 
(p.  1081).  The  substance  CwH^NOs  is  readily  soluble  in  boiling 
water,  but  only  sparingly  in  cold ;  the  hot  solution,  on  cooling, 
deposits  the  substance  in  the  form  of  slender,  oolourless  needles.  It 
is  also  readily -eokible  in  methyl  and  ethyl  alcohol  and  benzene,  but 
only  sparingly  in  light  petroleum  or  carbon  bisulphide. 

The  substance  GaoHigNOs  is  very  readily  deoomposed  by  alkalis  and 
alkaline  carbonates,  with  formation  «t$f  pseudopianic  acid  and 
»-amidoethylpiperonylcarboxjlic  anhydride,  thus : — 

C«,Ht«NG8  -f  KOH  =  CoH^OsK  +  CioHJfO,  +  H,0. 

In  Utadying  this  decomposition,  the  finely  divided  substance  was 
mixed  with  dilute  ammonia  solution,  warmed  gently,  and  shaken 
vigorously.  A  considerable  portion  dissolved,  but  in  a  short  time  a 
white,  crystalline  precipitate  settled  out.  This  was  collected,  washed 
with  water,  recrystadlised  from  this  solvent,  and  analysed  with  the 
following  resalt : — 
0^1204  gram  substance  gave  0"0540  gram  HaO  and  0*2778  gram 
CO,. 

Theory. 
CioHjNO,.  Found. 

C 62-83  per  cent.  6292  per  cent. 

H 4-71        „  4-98 

It  melts  at  181°,  and  is  identical  with  w-amidoethylpiperonyl- 
carhoxylic  anhydride  (p.  1013). 

The  filtrate  from  this  substance  was  boiled  on  a  reflaz  apparatus 
for  about  half  an  hour,  and  allowed  to  stand  over  night»  when  an 
almost  colourless,  crystalline  substance  separated,  which  after 
recrystallisation  from  alcohol  melted  at  149 — 150',  and  showed  all 
the  properties  of  berberal. 

The  clear  alkaline  liquid  was  acidified  with  hydrochloric  acid,  and 
the    crystalline  precipitate    which    formed  collected,  washed   with 
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water,  and  recrjstallised  from  this  solvent.  In  this  way,  thin,  eolonr- 
iess  needles  were  obtained,  which  were  dried  at  100'',  and  analysed 
with  the  following  result : — 

01060  gram  substance  gave  0*0484  gram  HtO  and  0*2219  gram 

CO2. 

Tlieorj. 

C,oHioO(.  Found. 

C 57'14 per  cent.  B709  per  cent. 

H 4-76        „  507 

0 3809        „  37  84 

This  acid  melts  at  119 — 120^,  aud  is  identical  with  psendopianic 
CH  O  OOH 

acid,  nn'o^^'^^^COOH*  *^®   prqpeirties   of  which    are   given  in 

detail  on  p,  1065. 

Dilate  acids  appear  <to  deconyiose  the  substance  CaoHi^NOg  with 
almost  as  great  ease  as  alkalis.  A.  iew  crystals  (»f  it,  boiled  in 
a  test-tube  with  a  little  10  per  cent,  sulphuric  acid,  rapidly  dissolved, 
and  on  cooling  orystals  separated  which,  after  reorystallisation 
from  water,  were  Teadily  identified  as  the  anhydride  CioUgNOs. 
Ether  extracted  from  the  acid  liquor  a  white,  crystalline  acid,  which 
showed  all  the  properties  of  psendopianic  acid.  The  substance 
GaoHi^NOs  is,  however,  perfectly  stable  in  neutral  solutions,  and  may 
be  recrystalliscd  several  times  from  water  without  seeming  to  under- 
go the  least  decon^osition. 

Action  of  Bhenylhydr(unne'€m  BerheraL 

In  order  to  obtain  some  further.clae  to  the  constitution  of  berberal, 
a  number  of  ezpeviments  on  the  behaviour  of  this  substance  towards 
reagents,  and  especially  towards  phenylhydrazine,  were  institated ; 
bat  although  the  ^conditions  of  the  ^experiment  were  varied  as  much 
as  possible,  no  definite  eompoand  of  the  liwo  substances  could  be 
isolated  with  certainty. 

The  following  experiment,  ^however,  ^ve  4n(teresting  resnlts: — 
2  grams  of  berberal,  5  grams  of  j>heny Hydrazine  hydrochloride, 
15  grams  of  <^c^stellUsed  sodium  acetate,  and  about  100  c.  c.  of  70  per 
cent,  alcobdl  were, heated  together  in  a  sealed  tube  at  180°  for  four 
hours.  The  resulting  slightly  yellowish  solution  was  transferred 
to  a  dish,  mixed  with  water,  and  gently  heated  on  a  water-bath, 
until  all  the  alcohol  had  evaporated.  During  this  operation,  a 
reddish-brown,  fiocculent  substance  separated,  which  was  collected, 
washed  well  with  water,  and  ground  up  in  a  mortar  with  a  little 
methyl  alcohol.  This  treatment  removed  a  sticky,  resinous  substance, 
leaving  an  almost  colourless  powder,  very  insoluble  in  the  usual 
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solyents.     It  was  nltimaielj  purified  by  repeated  recrystallieatioii 
from  isoamyl  alcohol,  the  crystals  well  washed,  first  with  isoamyl 
alcohol,  then  with  methyl  alcohol,  and  dried  at  100''. 
The  analysis  gave  the  following  numbers : — 

I.  01488  gram  substance  gare  0*0812  gram  H,0  and  0*3710  gram 
COa. 
0*2052  gram  substance  gave  25'2  c.o.  N;  t  =  15°;  bar.  = 
753  mm. 
ir  O'l^aS  gram  substance  gave 0'078&igram  HjO and 03684  gram 
CO,. 
0*2404  gram  substance  gave  29*6  c.c.  N';    ^  =  17®;  bar.  = 
756  mm. 
III.  0*1654  gram  sabstance  gave  0*0950  gram -HjO  and  0*4119  gram 
CO,. 

Found. 

£ u. — m: 

C 6807        67*75.       67*32:per  cent. 

H 6-06  5-88  6-37 

N 14*23        14*40;  — 

The  above  analyses,  each  of**  which  was  performed' with  a  different 
preparation,  agree  fairly  well  with^  either  of  the  two  formulfe, 
CasHarN^Oa  or  CwHmN^O,,  thus  :— 

CasHayNyOi..  C^^js^fi^, 

C 67*95  per  cent.  67*69  per  cent. 

H........       6  51         „  5-66 

N 14*^^       „-.  14;36 

The  first  of  these  formnlsa  results  fh>m  the  combination  of  ber- 
beral  with  three  molecules  of  pheiiylhydrazine  with  loss  of  two  mole- 
cnles  of  water,  thus  :— CaoHnNO,  -H-3C;Ha-NH-NH,  =  CJlsi^iOt  + 
2H3O.  The  second  formula  represents  the  phenylhydrazide  of  the 
phenylhydrazine  compound  of  pseudopianic  acid,  thus : — C1OH1OO0  + 
2CeH5-NH-NH,  =  CMHaN403  -K  ^H^O; 

This  compound  would  be  represented  by  the  formula 

CHaOv^  p.^  ^ch:n,h-c.h, 

CHaO^^^^^^^CO-NH-NH-CH.  ' 

A  more  careful  examination  of  tihe  oourse  of  the  reaction  appears 
to  favour  the  latter  view.  The  mother  liquors,  aqueous  as  well  as 
alcoholic,  from  the  crude  phenylhydrazine  compound  were  mixed 
with  a  little  dilute  hydrochloric  acid,  evaporated  to  a  small  bulk, 
and  filtered  hot.  The  solution  on  standing  deposited  a  small 
jj[uantity  of  brownish  plates,  which  after  recrystallisation  melted  at 
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178^180^,  and  showed  all  the  properties  of  the  anhydride  doHtNOs. 
It  is,  therefore,  probable  that  in  the  above  reaction  berbei^al  is  first 
decomposed  under  the  inflaenoe  of  water  at  180^  into  the  anhydride 
CioHsNOt  and  pseudopianic  acid,  and  the  latter  then  combines  with 
two  molecnles  of  phenylhjdrazine  as  described  above.  Experiments 
on  the  action  of  phenylhjdrazine  on  pseudopianic  acid  would  settle 
this  point,  but  these,  owing  to  lack  of  material,  have  not  jet  been 
instituted. 

The  phenylhydrazihe  compound  CnHnN^Ot  is  very  sparingly 
soluble  in  wattfzt,*  ethyl  and  methyl  alcohols,  benxene,  chloroform, 
and  cold  amyl  alcohol,  but  readily  in  hot  amyl  alcohol;  from  the 
latter  it  crystallises  on  cooling  in  small,  glistening,  yellow  needles, 
which  do  not  melt  when  heated  to  250°.  It  dissolves  readily 
in  hot  glacial  acetic  acid,  but  doea  not  crystallise  out  again  on  cool- 
ing. When  heated  with  alcoholic  hydrogen  chloride,  the  compound 
is  readily  decomposed,  with,  formation  of  phenylhydrasine  hydro- 
chloride. 

Synthesis  of  Berheral. 

It  has  been  shown  in  the  preceding  sections  that  berberal  is 
readily  decomposed  by  boiling  dilute  sulphnricacid  into  the  anhydride 
CioHoNOs  and  pseudopianic  acid ;  and  it  appeared  extremely  interesting 
to  determine  whether  by  bringing  these  two  substances  together 
under  suitable  conditions  berberal  might  be  reproduced,  thus  : — 

After  numerous  fruitless  experiments,  this  synthesis  was  ultimately 
accomplished  by  simply  heating  the  two  substances  together: — 
0*4  gram  of  CioHsNOs  and  0*5  gram  of  pseudopianic  acid  were  very 
finely  powdered,  intimately  mixed,  and  heated  in'  a  test-tube 
gitidnally  to  180°,  kept  at  that  temperature  for  15  minutes,  and  then 
heated  at  .210°  for  15  minutes.  During  the  operation  a  quantity  of 
water  was  given  off,  and  the  strongly  fluorescent,  brownish,  oily 
residue  solidified  to  a  transparent  resin,  which  cracked  all  over. 
This  was  ground  up,  dissolved  in  boiling  alcohol,  and  the  solution 
concentrated  and  allowed  to  stand  for  24  hours.  The  sandy,  crystal, 
line  precipitat'O  which  separated  was  collected,  washed  with^la  little 
alcohol,  and  twice  recrystallised  from  that  solvent.  In  this  way, 
beautiful  glistening  plates,  were  obtained,  which  melted  at  148 — 150°, 
and  gave  the  following  results  on  analysis  : — 
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01558  gram  sabst&noe  gave  00652  gram  HaO  a&d  0'3566  gram 

CO.. 
0*2310  gram  sabstance  gave  7*9  ox.  nitrogen ;  t  =  22'' ;  bar.  = 
745  mm. 

Theory. 
CsoHjyNOy.  Found. 

C 62*66  per  cent.  62*42  per  cent. 

H 4-43        „  4*65 

N 3*66        ,,  3*73 

A  careful  comparative  ^examination  ahowed  that  this  substance  wan 
identical  with  berberal  in  every  respect,  and  as  the  yield  obtained 
was  over  60  per  oeat.  of  the  theoretical,  if  pseudopianic  acid  could  be 
obtained  in  any  quantity,  the  aAiove  would  be  by  far  the  best  method 
for  preparing  berberal,  ^espeeialiy  as  the  resulting  product  is  so  very 
readily  purified. 

Experiments  on  the  synthesis  4»f  pseudopiaaic  acid  and  of  the 
sabstance  CioHgNOs  are  in  progress;  as  also  on  the  synthesis  of 
berberine  from  berberal. 

Pseudopianate  of  ta.Amidoethf^pijperonylcarhoxi^lio  Anhydride, 

ch,o>^*^'<coo-Ih..ch..oh>^*^*<o>^^- 

In  order  to  prepare  this  interesting  substance,  1*6  grams  of  w-amido- 
ethylpiperonylcarboxylic  anhydride  and  1*8  grams  of  pseudopianic 
acid  were  intimately  mixed  and  dissolved  in  a  little  boiling  water. 
The  hot  Bolotion,  on  standing,  deposited  slender  needles,  which  were 
collected,  washed  with  a  little  water,  recrystallised  from  this  solvent, 
and  analysed  with  the  following  rosult : — 

0-1304  gram  substance  gave  00601  gram  HsO  and  0*2858  gium 

CO,. 
01770  gram  sabstauce  gave  5*5  c.c.   nitrogen ;   t  =:  IT* ;  bar.  = 
740  mm. 

Theory. 
CwHifNOs.  Found. 

C 59*85  per  cent.  59*77  per  cent. 

H 4*74        „  5*12 

N 8*49        „  3-55 

This  substance  melts  at  149^  and  is  identical  with  the  compound 
CsoHitNOs,  obtained  by  treating  berberal  with  alkalis  as  eiqplained  on 
p.  1075,  and  the  formation  of  this  substance  under  these  conditions 
is  evidently  due  to  the  &ct  that  berberal  on  hydrolysis  first  yields 
pseudopianic  acid  and   a;-araidoethylpiperonylcarboxylic  anhydride, 
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whiob  on  solution  in  water  again  combine,  forming  the  componnd 

When  heated  at  180°,  the  compound  CsoHmNOs  loses  1  mol.  H^O 
and  is  converted  into  berberal.  This  interesting  decomposition  is 
easily  understood  with  the  aid  of  the  equation 

CHsOv^p^^coH   CO >snH^^^rK^ 

CH:8>«*^'<C0-r^^  -h  H3O. 

A  sample  of  berberal  obtained  i,nthis^way_gave  the  following  results 
on  analysis : — 

00998  gram  sisbstanoe  gave  S'2  ex.  nitrogen;    i  =   17°;    bar. 
=  740  mm. 

Theory. 
CeoHirwOp  Found. 

N ^66  per  cent.  3*81  per  cent. 

Isoherheral, 
CH.0               CO~N-CH.-CH^        ^0 
C„H.,NO,  -  cH,0>^'°'<^COH  6o >C.H,<^>CH,. 

This  very  interesting  substance  is  readily  prepared  by  heating 
together  opianic  acid  and  the  anhydride  CioH^NOs,  thus : — 

CH,0^c  g  ^COOH      NHCH,.CH.  ^0.  p„  _ 

CH.O>.  p         CO— N.CH,.CH,  ^O.  p„ 

CH,0>^'^'=-COH   CO >C,H,<Q>CH,. 

1'6  grams  of  the  anhydride  GioH^NOt  and  18  grams  of  opianic  acid 
(prepared  from  narcotine  by  oxidation  with  dilate  nitric  acid)  were 
ground  up  together  and  the  mixture  heated  in  a  small  flask,  at 
210 — 215°  for  thirty  minntes.  The  reaction  took  place  exactly  as 
described  in  the  synthesis  of  berberal  (p.  1079),  and  the  resnltiDg 
brown,  fluorescent  oil  solidified  on  cooling .  to  an  exactly  similar, 
transparent  resin.  This  was  ground  up  and  boiled  with  a  considerable 
quantity  of  alcohol  until  completely  dissolved,  the  solution  concen- 
trated, filtered,  and  allowed  to  stand  for  about  two  hours.  The  crys- 
talline precipitate,  which  was  slighlly  greyish  cuid  possessed  a  remark- 
able satiny  lustre,  was  collected,  washed  with  a  little  alcohol,  dried  on 
a  porous  plate,  and  recrystallised  from  boiling  toluene.  The  solvent 
leaves  undissolved  a  smiUl. quantity  of  a  brownis|i  subetance,  and  on 
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cooHug  lieantiful,  faintlj  yellow,  Instronfl  plates  are  obtained,  whioh, 
after  drying  at  100**,  gave  the  following  results  on  analysis  : — 

0*1490  gram  substance  gave  0*0629  gram  HiO  and  0*3422  gram 

01986  gram  sabstance  gave  6*3  c.c.  -nitrogeD;   ^=15';   bar.  ^ 
740  mm. 

Thwow. 
CjoHiyNOy.  'Fonnd. 

C 62-66  j)er  cent.  62*53  percent. 

H 4-43        „  4-57       .„ 

N... 8*66        „  3*76 

Isoherheral  melts  at  185°  (berberal  melts  at  149 — 150*).  It  is  very 
readily  soluble  in  hot  and  cold  glacial  acetic  acid,  moderately  in  boil- 
ing xylene,  toluene,  or  benzene,  and  alcohol, 'but  only  very  sparingly 
soluble  in  these  solvents  in  the  cold,  as  also  in  light  petroleum.  The 
solutions  fluoresce  in  exactly  the  same  way  as  those  of  berberal. 

Isoberberal  crystallises  from  boiling  xylene  in  stellate  groups,  from 
boiling  tolnene  in  flat  plates.  The  best  shaped  crystals  were  obtained 
by  allowing  a  moderately  concentrated  solution  of  the  substance  in 
hot  dilate  acetic  acid  to  cool  very  slowly.  Beautifal,  colourless 
crystals  were  deposited  which,  when  examined  under  the  microeoope, 
were  seen  to  have  the  following  forms-: — 


Isoberberal,  like  berberal,  is  apparently  very  readily  hydrolysed  by 
acids  and  alkalis,  the  products  being  obriotusly  opianic  add  and 
fi;.amidoethylpiperoBylcarbexylic  anhydride. 

The  yield  of  isoberberal  obtained  by  the  above  synthesis  is  good, 
and  although  only  small  quantities  of  material  have  so  far  been 
employed,  as  much  as  80  per  eent.  of  pore  isoberberal  has  in  one  or 
two  cases  been  obtained. 

Opianate  of  w-AmidoethllpiperanylcarhooBylie  Anhydride^ 
CH,0  COO-NH.CH.CH.       „^0 

This  was  prepared  by  mixing  equimolecular  parts  of  opianio  acid 
and  w-amidoeihj^lpiperonylearboxylic  anhydride  and  dissolving  the 
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mixtare  in  boiling  water.  The  hot  solution,  on  cooling,  deposited  the 
palt  in  the  form  of  beantif nl,  feathery  groups  of  needles,  which  were 
recrjstallised  from  water  and  analysed  with  the  following  results : — 

01544  gram  substance  gave  0*0688  gram  H,0  and  0*3394  gram 

CO,. 
0'2258  gram  substance  gave  7*1  c.c.  nitrogen ;    ^  =  17^ ;    bar.  = 
742  mm. 

"  Theory. 

CioHwlSOg.  Found. 

C  .....  ►.     69'85  per  cent.  60*95  per  cent, 

H 4-74        „  4-94 

N ,       8-49       .„  .3-56 

This  substance  melts  at  about  130 — 132°  with  decomposition.  It 
is  readily  soluble  in  hot  water,  moderately  in  cold  water,  extremely 
soluble  in  alcohol,  butx>nly  sparingly  in  bisulphide  of  carbon,  chloro- 
form, benzene,  and  light  pei^^leum.  It  is  ^isomeric  with  the  corre- 
sponding pseudopianic  salt  (p.  1080),-and  behaves  in  a  manner  exactly 
similar  to  this  salt  on  heating  at  180^  yielding  isoberberal : — 

CH30>^*^'<C0H    60 >C»HKo>CH,- 

CH,0^p^^CO ^^'CH,.OH.  0^p„    .   „^ 

CH,0>^'^'<COH    .(*) ' «>^«^»<0>^^»  +  ^*°- 

The  salt  was  heated  at  180°  for  about 'ten  minutes,  and  the  result- 
ing oil,  which  solidified  to  a  transparent  resin  on  cooling,  recrystallised 
from  boiling  toluene.  The  beautiful,  satiny  crystals  which  separated 
melted  at  185°  and  showed  all  the  prqperties  of  isoberberal. 

Analysis : — 

0*1323  gram  substance  gave  4*2  c.c.  nitrogen  it  =  14° ;   bar.  = 
738  mm. 

TheoiT. 
C»H|-NQ7.  Found. 

N 3*6(>,per  cent.  3'74  per  cent. 

Separation  of  Oxyherherine^  Dioxyherherine^  and  Anhydroherherilic  Acid, 

These  three  compounds  occur,  together  with  inorganic  salts,  in  the 
precipitate  which  separates  from  the  sulphurous  acid  liquors  on 
evaporation  (p.  1012). 

Before  proceeding  to  the  separation  of  the  organic  compounds,  the 
precipitate  is  gently  warmed  with  5  per  cent,  hydrochloric  acid, 
until  the  evolution  of  sulphurous  anhydride  ceases,  filtered,  washed 
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with  water,  and  dried  on  a  porous  plate.  It  is  then  tested  bj  heating 
on  a  platinum  spatula,  and  the  treatment  with  dilate  hydrochloric 
acid  repeated  if  more  than  traces  of  inorganic  matter  are  left.  The 
separation  of  the  organic  compounds  is  a  matter  of  some  difficultj, 
but  may  be  accomplished  fairly  completely  by  either  of  the  following 
methods : — 

Method  I. — The  precipitate  is  boiled  with  glacial  acetic  acid,  until 
about  two-thirds  of  it  has  dissolved  ;  the  solution  is  filtered  hot,  and  the 
yellow  residue,  which  contains  dlozyberberine,  washed  with  a  little 
acetic  acfd  and  purified  as  described  on  p.  1088.  The  dark- 
coloured  filtrate  is  evaporated  to  half  its  bulk  and  allowed  to  stand 
in  a  cool  place ;  in  a  short  time  the  separation  of  beautiful,  orange- 
coloured  crystals  of  oxyberberine  acetate  commences,  and  at  the  end 
of  seven  davs  these  are  collected,  washed  with  acetic  acid,  dried  at 
100°,  and  farther  purified  as  described  on  p.  1085.  The  dark- 
coloured  mother  liquors  from  these  crystals,  after  evaporation  to  a 
small  bulk,  deposit  a  further  quantity  of  orange- col  cured,  crystals  of 
oxyberberine  acetate,  mixed  with  a  small  qoaniity  of  silky  needles  of 
anhydroberberilic  acid.  These  two  substances  maybe  separated  with 
difficulty  by  repeated  recrystallisation  from  glacial  acetic  acid,  but 
the  quantity  of  either  ultimately  obtained  is  but  small. 

Method  11. — The  precipitate  is  dissolved  in  boiling  dilute  alcoholic 
potash,  the  solution  filtered  hot  and  rapidly  cooled  under  the  tap. 
The  beautiful,  needle-shaped  crystals  of  oxybei*berine  which  separate 
are  collected,  washed  with  alcohol,  and  purified  as  described  on 
p.  1085.  The  alcoholic  mother  liquor  from  these  is  evaporated  to 
about  half  its  bulk,  cooled,  filtered  from  a  further  quantity  of  oxyber- 
berine which  separates,  acidified  with  dilute  sulphuric  acid,  and  boiled 
for  a  few  minutes  to  decompose  any  berborilic  acid  present.  The 
tarry  mass  which  separates  is  collected,  washed  with  water  and 
repeatedly  triturated  with  hot  alcohol;  this  treatment  removes  a 
dark-brown,  resinous  substance,  leaving  a  yellow,  amorphous  powder 
which  consists  for  the  most  part  of  dioxyberberine  (p.  1087). 

Method  I  is  best  employed  if  dioxyborberine  is  the  principal 
product  required,  whereas  method  II  appears  to  give  the  best  yield  of 
oxyberberine. 

The  relative  quantities  of  these  substances  present  in  the  crude 
precipitate  varies  with  almost  every  preparation,  but  in  one  or  two 
cases  approximately  the  following  amounts  have  been  obtained  from 
1  kilo,  of  berberine  hydrochloride  : — 

Crude  yellow  precipitate 25  grams. 

Oxyberberine 10      „ 

Dioxy  berberine 4      „ 

Anhydroberberilic  acid.  • 2       „ 


Digitized  byCjOOQlC 


W.  H.  PEREIN,  JUK.,  ON  BERBERINX.        1085 

Oxyherberine^ 
C.H„NO.  =  gg;g>C^.<cS:^^:^>C.H.<2>CH,  (?) 

This  interesting  Bubstance  differs  from  berberine  in  containing  1 
oxygen  atom  more  than  the  alkaloid ;  it  may,  therefore,  be  looked 
•on  as  the  primary  product  of  the  oxidation  of  berberine.  It  is  best 
purified  by  recrystallisation  either  from  xylene  or  from  glacial  acetic 
acid.  The  pure  substance  dried  at  100**  gave,  on  analysis,  the  follow- 
ing numbers : — 

I.  0-1628  gram  substance  gave  00752 gram  HsO and  0*4088 gram 
CO,. 
0*2457  gram  substance  gave  89  c.c.  nitrogen ;  t  =  25^ ;  bar.  = 
740  mm. 
II.  01635  gram  substance  gave  00743 gram H,0  and  0*4088 gram 

CO,. 
IIL  0*1654  gram  substance  gave  0*0770  gram  H3O  and  0*4162  gram 
CO,. 

Eound.^ 

Theory.  ^^  >  k.    ' '  '  *  *  * 

0»,Hi7N0j.  I.  II.      •III'.-- 

C 68*39  per  cent.         68*48    68*19    6863  per  cent. 

H 4*84        „  5*13      5*04      5-17 

N 3*96        „  3*93       —         —  „ 

This  beautiful,  yellow  substance  melts  at  198 — 200**  to  a  deep-yellow 
liquid,  which  may  be  heated  to  250"  without  decomposition  ;  even  at 
280°  it  is  only  slightly  discoloured.  It  is  moderately  sol  able  in  boil  7 
ing  toluene  and  xylene,  very  soluble  in  hot  acetic  acid  (see  below)| 
and  still  more  so  in  acetic  anhydride ;  sparingly  soluble  in  alcohol 
and  benzene,  almost  insoluble  in  light  petroleum  and  water ;  the 
alcoholic  solution  shows  a  slight  blue  fluorescence.  It  crystallises 
from  xylene  in  beautiful,  lustrous,  yellow  plates.  Oxyberberine  is 
slightly  soluble  in  hydrochloric  acid,  readily  so  in  an  alcoholic 
solution  of  hydrogen  chloride;  the  addition  of  alcoholic  platinum 
chloride  to  this  produces  a  yellow  precipitate  wliich  appears  to  be 
amorphous,  but  crystallises  from  alcohol  in  slender,  silky  needles. 

Oxyberberine  is  very  sparingly  soluble  in  dilute  sulphuric  acid 
<1  :  4)  but  dissolves  readily  in  warm  50  per  cent,  sulphuric  acid,  and 
the  yellow  solution,  on  cooling,  deposits  beautiful,  light-yellow  needles. 
It  gives  the  following  very  delicate  reaction,  by  means  of  which  th* 
smallest  trace  of  the  substance  may  be  detected.  A  minute  particle 
of  the  substance  is  dissolved  in  a  little  warm  50  per  cent,  sulphuric 
acid,  cooled,  aud  one  drop  of  ordinary  concentrated  i\itric  acid  added. 

VOL.  LVii.  4  0 
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A  deep-brown  coloration  is  at  once  prod  need,  which  rapidly  changes 
to  an  intense  violet;  on  the  addition  of  water  the  oolonr  is  not 
destroyed,  bnt  tnms  a  fine  reddish-violet,  which  is  Yery  similar  in 
appearance  to  the  colonr  of  a  very  dilate  solation  of  permangranate. 

Ozyberberine  dissolves  in  a  warm  solution  of  hydrogen  iodiflto,  and 
if  a  trace  of  iodine  is  added,  a  brown  precipitate  is  prodaoed,  whieh 
crystallises  from  alcoholic  hydrogen  iodide  in  green  plates  or  giKKi|» 
of  slender  microscopic  needles. 

In  order  to  determine  whether  oxyberberine  is  capable  of  forming 
an  acetyl  derivative,  a  small  quantity  of  the  substance  was  boiled 
with  an  excess  of  acetic  anhydride  in  a  reflux  apparatus  for  four  hours, 
evaporated  to  a  small  bulk,  and  allowed  to  stand  over  night.  The 
beautiful,  yellow,  needle-shaped  crystals  which  formed  were  collected, 
washed  with  acetic  anhydride,  and  dried  at  lii(f. 

The  analysis  showed  that  the  substance  was  unchanged  : — 

01548  gram  substance  gave  00712  gram  H,0  and  0*8804  gram 

00a. 

Theory. 
CaoHiyNOj.  Found. 

0 68-39  per  cent.  6878  per  cent. 

H 4-84        „  511 

(keyhenbenne  Acetate^  CaoHiTNOs^GaH^a. 

Although  oxyberberine,  as  compared  with  berberine,  is  a  very  feeble 
base,  it  forms  a  very  well  characterised  acetate ;  this  is  readily 
obtained  in  a  pure  state  by  dissolving  the  substance  in  boiling  glacial 
acetic  a<;id,  and  allowing  the  solution  to  stand  for  some  days.  The 
acetate  gradually  separates  in  beautifal,  lustrous,  yellow  crystals ; 
these  are  collected,  drained  on  a  porous  plate,  and  dried  by  exposare 
to  the  air  for  three  days.    An  analysis  gave  the  following  numbers  : — 

0-1370  gram  sabstanoe  gave  00642  gram  H.0 and  03238  gram 
CO.. 

Theorv. 
CjoH^NOjAH^Oj.  Found. 

C 64-23  per  cent.  6439  per  cent. 

H 511        „  5-21 

It  18  moderately  stable  at  ordinary  temperatures,  if  the  crystals 
are  large,  but  the  finely-powdered  substance  gradually  loses  acetic 
acid  on  exposure  to  the  air.  A  sample  of  the  preparation 
analysed  above  was  finely  powdered  and  allowed  to  stand  exposed  to 
the  air  for  four  days;  on  analysis  it  gave  0  &=  65*S0  :  H  «  5*88,  asd 
on  drying  at  100"*  it  lost  only  10*9  per  tent,  of  acetic  add. 

Dried  at  100%  the  beautifully  Instroos  crystals  bec^Me  iopaque,  Md 
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rapidly  lose  the  whole  of  their  aoeiic  acid,  leaving  a  rettdne  of  pane 
ozjberberine.  A  small  qaantitj  of  the  acetate  dried  at  100^  for  two 
boors  gave,  on  anAlysis,  the  following  results  :«»*- 

0*1474!  gram  substance  gave  0'0660  gram  HjO  and  6'tt704  gram 
CO,. 

Theory. 
CaoUifNOf.  Found. 

C 68-39  per  oent.  68-53  per  cent. 

H. 4-84        „  4-97        „ 

1*8586  gram  of  the  pare  acetate,  heated  at  100°  until  the  weight  was 

constant,  lost  0*2702  gram  of  acetic  acid  =  14*54  per  cent. 
CwHnNOsCCaH^Oj)  contains  14*59  per  cent,  of  acetic  acid. 
The  beautiful   crystals  of  oxyberberine  acetate,  when  examined 
under  the  microscope,  seem  to  have  the  following  forms : — 


As  this  acetate  is  moderately  easily  soluble  in  glacial  aoetlcacid,  its 
molecular  weight  was  carefully  determined  by  Baoult*s  method,  with 
the  following  result : — 

Substance  taken 1*5730  grams. 

Acetic  acid  taken 100*4      „    *    * 

Melting  point  of  acetic  acid 16*262'' 

„  „         mixture 16*112* 

Depression  of  the  melting  point. . .       0*150'' 
Molecular  weight  of  the  substance 

found  from  the  above  data  . . . .  •  407 

Theory  for  C»H„K04,C,H40, 411 

The  yield  of  oxyberberine  is  about  10  grams  from  1  kilo,  of  her- 
bFrine  hydrochloride,  and  as  it  can  thus  be  obtained  in  considerable 
quantity,  I  hope  to  make  it  the  subject  of  a  future  investigation. 

DtvKyherherinej 
C„H„NO.  =  gi:8>C.H.<co:g.c^^>C.H.<8>CH.  (P). 

This  retnarkable  substance,  which  probably  results  from  the  further 
action  of  oxidising  agents  on  oxyberberine,  is  unfortunately  pro- 
duced in  such  small  quantity  and  is  so  difficult  to  purify,  that  it  has 

4  c  2 
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been  found  impossible  to  investigate  it  as  thoronghlj  as  could  haTS 
been  wished. 

The  crude  yellow  pi^nct  obtained  as  explained  on  p.  1012,  is  almost 
iDSolnble  in  the  usual  solvents,  but  it  may  be  obtained  pure  by  recrystal- 
lisation  either  from  boiling  aniline,  nitrobenzene,  or  ethyl  benzoate,  the 
former  being  preferable  on  account  of  its  somewhat  lower  boiling  point. 
In  recrystallising  it,  the  powder  is  added  to  boiling  aniline  as  long  as  it 
is  dissolved,  the  solution  rapidly  filtered,  and  aVlowed  -to  cool ;  the 
whole  operation  being  conducted  as  quickly  as  possible;  as  boiling  with 
aniline  decomposes  the  substance  and  great  loss  occurs.  The  hot 
solution,  on  cooling,  deposits  the  new  substance  in  glistening,  yellow 
needles,  which  are  collected,  washed  first  with  aniline  and  then  with 
methyl  alcohol,  and  dried  on  a  porous  plate. 

For  the  analysis  the  substance  was  dried  at  100^  for  one  hour  : — 

1.  0-1740  gram  substance  gave  00802 gram  H,0  and  0*4196 gram 
CO,. 
0*3469  gram  substance  gave  11*7  c.c.  nitrogen;  t  =  16**;  bar. 
=  766  mm. 
II.  0*1867  gram  sabstance  gave 00882  gram  H,0 and  0*4470 gram 
CO,. 
III.  0*2272  gram  substance  gave  01013  gram  H2O  and  0*5470  gram 
COa. 


C.  •  •  • 
H,... 

N.... 


Theoiy. 
0»H„]!JO,. 
65*39  per  cent. 
"  4-64.        „ 
3-82        „ 


Found. 


6-5-76 
517 
3-92 


II. 

«6-29 

5-2S 


"IP. 
65*66  per  cent. 
4*95         „ 


Each  of  these  analysed  was  made  with  a  separate  preparation: 
I  was  reorystallised  once  from  aniline;  II,  twice  from  the  same 
solvent ;  and  III  was  reorystallised  from  ethyl  bonzoate. 

Diaxyherherine  is  almost  insoluble  in  alcohol,  benzene,  and  light 
petroleum,  sparingly  soluble  in  boiling  glacial  acetic  acid,  readily 
in  boiling  aniline,  nitrobenzene,  or  ethyl  benzoate,  but  only  sparingly 
in  these  liquids  in  the  cold.  It  crystallises  from  ethyl  benzoate 
in  small,  well-defined  crystals,  which,  when  examined  under  the 
microscope,  are  seen  to  have  the  following  forms : — 


/^ 
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Some  of  the  crystals  were  very  carionslj  striated :  twin  crystals 
were  frequent,  as  also  single  examples  with  very  imperfectly  formed 
edges. 

Dioxyberberine  shows  the  following  characteristic  reactions : — 

It  dissolves  in  concentrated  snlpharic  acid,  producing  a  reddish- 
violet  solution;  on  warming,  the  colour  gradually  changes  and  ulti«. 
mately  becomes  intensely  oliye-green. 

It  dissolves  in  nitric  acid  with  a  fine  violet  colour.  If  a  drop  of 
nitric  acid  is  added  to  its  solution  in  cold  concentrated  sulphuric 
acid,  a  beautiful,  deep  bluish-violet  coloration  is  produced,  which  is 
destroyed  on  the  addition  of  water  (compare  the  corresponding 
reaction  with  pxyberberine,  p.  1085). 

Finely-divided  dioxyberberine  is  turned  a  dark  .green  by  the  addi- 
tion of  a  few  drops  of  concentrated  hydrochloric  .acid.;,  on  warming 
with  an  excess  of  hydrochloric  acid,  the  greater  part  dissolves,  forming 
a  yellowish-green  solution,  which,  on  addition  of  a  drop  of  platinum 
chloride,  gradually  becomes  intensely  violet-coloured. 

Action  of  Alkalis  on  Dioxyherhertne* 

Although  onlj  sparingly  soluble  in  aqueous  solutions  of  alkalis, 
dioxyberberine  dissolves  with  great  readiness  in  warm  alcoholic 
potash,  forming  a  deep  orange-red  solution,  which,  if  sufficiently  con- 
centrated, deposits  on  cooling,  beautiful,  deep  orange-coloured  needles 
of  a  potassium  salt.  In  order,  if  possible,  to  obtain  this  in  a  state  pure 
enough  for  analysis,  pure  dioxyberberine  was  dissolved  in  a  strong 
solution  of  pure  potassium  hydrate  in  80  per  cent,  methyl  alcohol, 
the  solution  allowed  to  stand,  and  the  crystals  ^  which  separated 
quickly  collected,  washed  with  a  little  methyl  alcohol,  spread  on  a 
porous  plate,  and  transferred  to  a  vacuum  desiccator. 

Two  separate  preparations  gave  the  following  results  on  analysis : — 

1.  0*2179  gram  substance  gave,  after  decomposition  with  sulphuric 

acid,  0-0404  gram  K2SO4  =  8'81  per  cent,  of  K. 

2.  0*3371  gi-am  substance  gave  0*0698  gram  K^SOa  =  8*09  per  cent. 

K. 

Theory  for  CaoH^NCK 9*22  per  cent.  K. 

„  „      CaoHiaN07Ek.  -+•  oHaO    •  •      8*17  ,y  K. 

Unfortunately,  owing  to  the  small  amount  of  material  at  my  dis- 
posal, it  was  not  possible  to  make  any  further  analyses  of  this  inter- 
esting salt,  but  it  seems  probable  tliat  when  dioxyberberine  dissolves 
in  alcoholic  potash  it  forms  a  potassium  salt  of  the  formula 

CH,0        _     CO CH ^O^PH 
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which  ei^yflrt»)  Uses  from  80  per  emt.  methjl  alcohol  with  3  molo.  of 
wstter  of  crystallisation.  This  potassiiiiii  salt  is  partially  deeompuaed 
by  much  water,  with  separation  of  a  small  quantity  of  a  yellowish- 
white  substance.  Acida  decompose  the  salt  with  separation  of  a  light 
ocbre^-ooloured  precipitate,  which  consists  of  pure  diozyberberine«  In 
order  to  be  certain  of  this,  the  precipitate  was  collected,  wasLed  with 
water  and  methyl  alcohol,  dried  on  a  porous  plate  at  100%  and 
analysed  with  the  following  results : — 

01595  gram  substance  ga7e  0'0685  gram  H^O  and  0*3830  gram 
CO.. 

Theorr. 
C^ijliO^.  Wrand. 

C 6539  per  cent.  65  48  per  cent. 

H 4-63        „  4-77 

Hydroxylctmine  has  no  action  on  a  dilute  solution  of  the  potassium 
salt.  In  order  to  prove  this,  0*75  gram  of  pure  dioxyberberine  was 
dissolved  in  a  considerable  excess  of  dilute  methyl  alcoholic  potash, 
1  g^m  of  hjdroxjlamine  hydrochloride,  dissolved  in  a  little  water, 
added,  and  the  solution,  after  standing  for  24  hours,  heated  to  boiling 
for  half-an-hour.  The  bulk  of  the  methyl  alcohc^  was  distilled  off, 
the  residue  acidified  with  hydrochloric  acid,  and  the  precipitate  which 
separated  washed  well,  and  analysed  with  the  following  result : — 

0*2163  gram  substance  gave  6*8  c.c.  nitrogen ;   ^  =  21^ ;  bar.  s 
746  mm. 

Theory. 
CsoHt7NOe.  Found. 

N 3-82  per  ceat.  3*70  per  cent. 

The  substance  was  therefore  unchanged  dioxyberberioe. 

The  most  remarkable  property  of  the  potassium  salt  of  dioxyberber- 
ine is  that,  on  standing  in  the  air,  it  gradually  loses  its  colour,  and  is 
converted  into  the  potassium  salt  of  berberilic  acid.  In  studying  this 
decomposition,  2  grams  of  pure  dioxyberberine  was  converted  into 
the  potassium  salt  by  dissolving  it  in  methyl  alcoholic  potash,  and 
the  product,  which  consisted  of  red  crystals  suspended  in  a  yellow 
solution,  was  agitated  with  air  in  a  large  flask  for  about  a  week,  the 
whole  being  gently  warmed  from  time  to  time.  The  solution  gradually 
became  colourless,  and  the  red  crystals  ultimately  entirely  dis- 
appeared, giving  place  to  a  small  quantity  of  a  white,  crystalline 
precipitate.  The  product  was  dissolved  in  water,  neutralised  with 
dilute  hydrochloric  acid,  evaporated  until  free  from  alcohol,  and  acidi- 
fied. The  white,  semi-solid  precipitate  of  berberilic  acid  which 
separated  was  collected,  wai^d  with  water,  and  converted  into 
anhydroberberilic  acid  by  boiling  with  50  i>er  cent,  sulphuric  add 
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fot  a  lew  mismtea.  The  white,  crjiialline  precipitate  thns  ai)iaiiied 
waa  lecrjatollifled  from  mnoh  alcohol,  dried  at  100^,  and  analjsed 
with  the  following  result  :-* 

01892  gram  substance  gave  00564  gram  H2O  and  0*3070  gram 

CO,. 
0*1560  gram  substance  gave  4*8  c.c.  nitrogen;  t  =  21**;  bar.  = 

756  mm. 

Theory. 

OseH|,NOa.  Found. 

C 60*15  per  cent.  6015  per  eent. 

H 4-26        „  4-48        ,» 

N 3-51        „  3*49 

This  substance  meltl^  at  237""  and  is  identical  with  anhjdroberberilic 
acid. 

The  formation  of  berberilic  acid  from  the  potassium  salt  of  dioxy- 
berberine  may  be  explained  by  the  following  equation : — 

CmHisNOtK  +  KOH  +  O2  =  C2oHnIifO»Kt  +  S2O, 

but  it  is  extremely  difficult  to  understand  the  modus  opefctndi  of  the 
reaction.  In  order,  however,  to  prove  that  oxygen  was  actually  taken 
up  in  this  reaction,  0*22  gram  of  dioxyberberine  was  dissolved  in 
methy]  alcoholic  potash  and  placed  in  a  eudiometer  in  an  atmosphere 
of  oxygen  over  mercury.  After  remaining  for  five  days,  with  con-* 
stant  agitation  and  gentle  application  of  heat  from  time  to  time,  it 
^aa  found  that  11  c.c.  of  oxygen  had  been  absorbed.  A  blank 
experiment  was  then  carried  out  with  methyl  alcoholic  potash 
solution  alone,  under  exactly  similar  conditions,  and,  although  slight 
absorption  did  take  place,  the  diminution  in  the  volume  ol  oxygen 
after  six  days  was  only  3*2  c.c. 

This  experiment  seems  to  prove  that  the  transformation  of  dioxy> 
berberine  into  berberilic  acid  in  alkaline  solution  is  due  to  the 
absorption  of  oxygen  from  the  air. 

Further  experiments  which  are  in  progress  will,  it  is  hoped,  throw 
light  on  this  extremely  interesting  decomposition. 

Berilic  Add^ 

The  crude  residue,  obtained  as  explained  on  p.  1012  was  collected 
from  several  operations;  it  weighed  about  6  g^ms,  and  formed 
a  semi-solid,  dark-greyish  mass,  from  which  it  was  extremely 
difficult  to  obtain  anything  ei^stalline.  It  was  digested  with  glacial 
acetic  aeid,  the  dark-green  soiqtion  filtered,  evaporated  to  a  small 
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balk,  and  allowed  to  stand  for  aboat  seven  days  in  a  cool  place.  At 
the  end  of  that  time  a  qnantitj  of  glistening  plates  had  separated  ; 
these  were  collected,  well  washed  with  glacial  acetic  acid,  and  twice 
recrystallised  from  this  solvent.  In  this  way  beautiful,  colourless, 
glistening  plates  were  obtained,  which,  after  drying  at  105^,  gave  the 
following  results  on  analysis  : — 

I.  01437  gram  substance  gave  00555  gram  H3O  and  0*3312 
gram  GO3. 
0' 1725  gram  substance  gave  5'6  c.c.  nitrogen;  ^  :7  15°;  bar. 
±1  730  mm. 
II.  01638  gram  substance  gave  00618  gram  H,0   and  03762 
gram  COj. 
III.   01580  gram  substance  gave  00608  gram  H3O  and  03633 
gram  GOs. 


Found. 


C. 

H. 


Theory. 

i. 

1 

C»H»MO^ 

II. 

III. 

62-99  per  oeut. 

62-85 

62-64 

62-71  per  cent 

3-94        „ 

4-29 

419 

4-27        „ 

3-67        „ 

371 

— 

"~"          »» 

This  new  acid  has  therefore  probably  the  composition  CaoHisNOg. 
When  heated  in  a  capillary  tube,  it  darkens  in  colour  at  about  195"", 
and  melts  at  198 — 200^  with  blackening  and  evolution  of  gas ;  in  this 
respect,  the  substance  differs  very  markedly  fi'om  any  of  the  other 
compounds  obtained  in  this  research.  It  is  only  sparingly  soluble  in 
water,  but  readily  in  boiling  glacial  acetic  acid,  from  which  it  is 
deposited  on  cooling  in  magnificent,  lustrous  plates;  these,  when 
examined  under  the  microscope,  are  seen  to  have  the  following 
forms : — 


This  acid  dissolves  readily  in  sulphuric  and  hydrochloric  acids ;  the 
solution  in  hydrochloric  acid  gives  with  platinum  chloride  a  yellowish- 
white,  amorphous  precipitate,  which  dissolves  moderately  easily  in 
hot  water,  and  crystallises  out  again,  on  cooling,  in  yellow  needles. 

Salts  of  Berilic  Acid, 

This  acid  dissolves  readily  in  alkalis,  and  gives  very  characteristic 
salts.     The  ammonium  soU  was  prepared  by  dissolving  the  acid  in 
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Excess  of  ammonia,  and  allowing  the  solution  to  stand  over  sulphuric 
a>cid  in  a  yacuum  for  some  days. 

The  siluer  »aW,  CjoHuAgNOg,  was  obtained,  bj  precipitating  the 
ammonium  salt  with  silver  nitrate,  as  a  white,  curdy  precipitate, 
somewhat  soluble  in  water.  The  well-washed  salt  was  dried  at  lOO^'y 
lind  analysed  with  the  following  result : — 

0*1966  gram  substance  gave  0'0570  gram  H,0  and  0*3446  gram 
COa. 
'.   0*1900  gram  substance  gave  0'0407  gram  Ag. 

TheoFy. 

O^HMAgNOg.  Found. 

C 47-61  per  cent.  4781  per  cent. 

H 2-78        „  3-22 

Ag 21-43        „  21-35        „ 

A  solution  of  the  ammonium  salt  shows  the  following  behaviour 
with  reagents : — 

Calcium  GJdoride. — In  dilute  solutions,  at  first  there  is  no  change, 
but,  on  standing,  the  calcium  salt  separates  in  glistening,  leafy 
crystab  readily  soluble  in  hot  water,  sparingly  in  cold  water. 

Barium  Chloride, — No  precipitate  in  moderately  dilute  solutions. 

Zi%ic  Sulphate, — Gives  at  once  a  white  precipitate,  consisting  of  tufts 
of  needles,  sparingly  soluble  in  hot  water,  from  which  it  crystal- 
libes  on  cooling  in  groups  of  needles  and  four-sided  plates. 

Copper  Sulphate, — A  light-green,  amorphous  precipitate,  which,  on 
warming,  changes  to  a  very  light-blae,  apparently  crystalline  pre- 
cipitate, almost  insoluble  both  in  hot  and  cold  water. 

Cadmium  Chloride, — A  white  precipitate  consisting  of  minute  tufts 
of  needles ;  it  dissolves  in  much  hot  water,  but  is  more  insoluble 
tihan  the  zinc  salt. 

Lead  Acetate, — ^A  white,  curdy  precipitate,  soluble  in  hot  water,  from 
which  it  crystallises  on  cooling  in  plates,  which  have  almost  the 
same  form  as  the  crystals  of  the  acid  itself. 

A  farther  study  of  the  properties  of  this  interesting  acid  will,  it  is 
hoped,  give  more  definite  evidence  as  to  its  constitution,  which,  in  the 
meantime,  may  either  be  represented  by  the  formula  at  the  head  of 
this  section  or  by 

CHaO^^^^^CO- C O 
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Hemiptntc  Anhydride^  rfr*0^^*^'^GO^^' 

This  substance,  which  is  only  produced  in  Tery  small  qn«iititl6B  ik» 
the  oxidation  of  berberine  nnder  the  conditions  stated  on  p.  1012,  ymm 
purified  by  repeated  recrystallisation  from  glacial  aeetio  n^nA^  n»i 
thus  obtained  in  tbe  form  of  long,  slightly  biowiosk  needles,  whiqfvon 
analysis  gave  the  following  numbers : — 

I.  01554  gram  substance  gave  0*054^  gram  H,0  and  0*9255  gvUm 

CO.. 
11.  01553  gram  substance  gave  0*0574  gram  £[,0  and  0*3266  gram 
CO,, 

Found. 

Theory.  j ' v 

CioHgOj.  t  II. 

C 57-69  per  cent.  57-12      57*32  per  cent. 

H 3-86        „  3*91        410 

0 38-54        „  38-97      38-58" 

This  substance  melts  at  167*,  and  has  properties  very  similar  to 
those  of  hemipinic  anhydride  (m.  p.  167**).  On  studying,  however, 
its  behaviour  towards  alcoholic  potash,  an  acid  melting  at  146^  was 
obtained  instead  of  hemipinic  acid  (m.  p.  180*),  and  it  was  not  until  the 
action  of  alcoholic  potash  on  a  sample  of  hemipinic  anhydride  prepared 
from  the  pure  acid  itself  had  been  studied  that  the  cause  of  this 
reaction  could  be  explained.  It  was  then  found  that  hemipinic 
anhydride,  when  boiled  with  dilute  alcoholic  potash,  is  converted  into 
ethyl  hydrogen  hemipinate :  — 

ChIo>^'^^<CO>^  +  CjH^-OH  +  KOH  = 

CHsOv.  f^  TT  ^^OOOOtHs   t   XT  f\ 
CHsO^^^^'^COOK       ^     *^' 

0*5  gram  of  the  anhydride  from  berberine  was  boiled  with  dilute 
alcoholic  potash  for  10  minutes,  mixed  with  twice  its  bulk  of  water, 
heated  on  a  water- l>ath  until  tbe  alcohol  was  expelled,  cooled,  l^nd 
acidified  with  dilute  hydrochloric  acid.  The  white,  crystalline  pro- 
eipitate  formed  was  collected,  washed  with  water,  and  reciystaUiisd 
from  this  solvent.  In  this  way,  beautifully  glistenixig^  ookNidett 
needles  were  obtained,  which,  on  drying  at  100^  lost  their  lustre,  and 
therefore  probably  contained  water  of  crystallisation.  The  analysis 
gave  the  following  numbers : — 

I.  0-1456  gram  substance  gave  00748  gram H,0  and  03006  gram 
CO,. 
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II.  01504  gram  snbfltano&gava 00777. grain  H,0  ud  0-3115  gi«m 

COa. 

Theory.  Pound. 

GH80>^«^«<^COOH  •       I.                II. 

C 56-69  per  cent.  56*31  56*48  per  cent. 

H 5-51    „  5-71    5-74 

0 37-79        „  37-98  37*78 

It  melted  sharply*  at  146^ 

According  io  Aodersai^  (Annalen^  86v  194),  ethyl .  li^^drogen 
hemipinate  melta  at  132*2°^  Wegscheider  (Monats.,  3,  369),  on  the 
other  hand,  gives  141 — 142"  aa  the  melting  point  of  this  salt. 

In  order  to  prove  the  const itntion  of  this  compound,  a  small  qnantltj 
was  dissolved  in  dilute  sodium  hydrate  solution,  boiled  for  about  10 
minutes,  cooled^  neutralised  with  dilute  hydrochloric  acid,  an  excess 
of  a  strong  solution  of  calcinm  chloride  added,  and  the  whole  heated 
to  boiling  for  a  few  minutes.  The  crystalline  calcium  salt  which 
separated  was  collected,  wa.«$hed  with  water,  and  dissolved  in  a  little 
hot  dilute  hydrochloric  acid;  this  solution,  on  cooling,  deposited 
beaittifti],  colourless  crystals  of  pure  hemipinic  acid  (m.  p.  180°). 

The  formation  of  ethyl  hydrogen  hemipinate  by  the  action  of  boiling 
akohoUfi  potash  om  hemipinie  anhydride  is  very  remarkable,  and,  in 
looking  over  the  properties  of  a  series  of  simUar  anhydrides,  I  have 
not  been  able  to  find  a.porallel  case. 

Hydrastio  Add,  CJI«0.  =  CH,<g>C.H,<^ggg. 

The  crude  acid  solution  obtained  as  described  on  p>  1013  contains 
two  acids,  namely  hy drastic  acid  and  hemipinic  acid.;  these  were 
separated  and  identified  as  follows : — The  aqueous  solution  was 
extracted  20  times  with  ether,  the  ethereal  solution  dried  over, 
calcium  chloride  and  evaporated,  when  a  pale-yellow  syrup  was 
obtained,  which,  even  after  standing  over  sulphuric  acid  in  a  vacuum, 
shbwed  very  little  sign  of  crystallising.  As  all  attempts  to  make  this 
syrup  crystallise  failed,  recourse  was  had  to  the  following  method  of 
purification: — The  crude  substance  was  dissolved  in  water,  neu- 
tralised with  potassium  hydi'ate,  the  cold  solution  mixed  with  a  large 
excess  of  a  strong  solution  of  calcium  chloride,  filtered,  and  heated 
to  boiling.  Thia  caused  the  precipitation  of  a  very  sparingly  soluble 
calcium  salt,  which  was  collected,  washed  with  hot  water,  and 
dissolved  in  a  sufiicient  quantity  of  boiling  5  per  cent,  hydrochloric 
acid.  This  solution,  on  cooling,  deposited  a  quantity  of  brownish, 
leafy  plates  which,  after  repeated  recrystallisation  and  treatment 
with  animal  charcoal,  were  obtained  a»  colourless,  glistening  plates. 
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After    being  di'ied  at  100°,   it    gave    the    following    nambers   on 
analjsiB : — 

0'15iO  gram  substance  gave  00455  gram  H3O  and  0'2903  gi-am 

CO,. 
0-1520  gram  substance  gave  00434  gram  H,0  and-  0*2832  gram 

CO,. 

Found.  


Theory. 


CgHeOe.  I.  II. 

G 51-43  per  cent.  5141  50*81  per  cent. 

H 2  86        „  3-27        317 

O 4571        „  45-32  4602 

This  acid  melts  at  180^,  is  moderately  soluble  in  water,  and  crys- 
tallises from  this  solvent  in  colourless,  leafy  plates. 

The  silver  salt,  C9H4Ag306,  was  prepared  by  dissolving  the  acid  in 
excess  of  ammonia,  allowing  the  solution  to  stand  over  sulphuric 
acid  in  a  vacuum  until  neutral,  and  then  adding  an  excess  of  nitrate 
of  silver  solution.  The  white,  amorphous  precipitate  thus  produced 
was  collected,  washed  with  water,  dried  over  sulphuric  acid  in  a 
vacuum,  and  analysed  with  the  following  result : — 

0-2009  gram  substance  gave  00230  gram  H^O  and  0-1820  gram 

CO,. 
0*2966  gram  substance  gave  01506  gram  Ag. 


c 

Theovy. 
C,H40eAg,. 
, . .     25-48  per  cent. 

Found. 

24-69  per  cent. 

H 

■  •  •              U  t7T!               ,, 

1-27        „ 

Ag  . . . . 

...     50-94       „ 

50-78        „ 

This  acid  is  therefore  bibasio,  and  is  probablj  identical  with 
hydrastic  acid,  CgHeOe,  obtained  by  Freund  and  Lachmann  (Ber,,  22, 
2325),  which  melts  at  175*^;  as,  however,  no  further  description  of 
the  properties  either  of  the  acid  itself  or  of  its  salts  has  as  yet  been 
published,  it  is  impossible  to  speak  with  certainty  of  the  identity  of 
the  two  acids. 

The  presence  of  hydraatic  acid  among  the  products  of  the  oxidation 
of  berbcrine  is  readily  understood,  as  this  substance  would  result 
from  the  action  of  oxidising  agents  on  lu-amidoethylpiperonylcarb* 
oxylic  anhydride  or  one  of  its  derivatives,  thus :  — 

CH,0  0H,0 

6— /N  CONH  .  , ,       6-/'^  OOOH 

'       '         1  yields  ' 


CH3CH, 


1: 
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The  first  mother  liquors  from  this  acid  were  evaporated,  and  the 
sjrupj  residae  heated  in  a  large  test-tube  at  180 — 190°  for  one 
hour.  During  this  operation  water  vapour  escaped,  and  a  small 
quantity  of  a  sublimate,  consisting  of  fine,  colourless  needles,  formed 
in  the  cooler  portions  of  the  tube.  The  residue  was  powdered 
and  repeatedly  extracted  with  boiling  alcohol,  the  alcoholic  solution 
concentrated  and  allowed  to  stand  for  some  hours  ;  and  the  crystals 
which  separated,  collected,  washed  with  alcohol,  and  repeatedly  re- 
crystallised  from  this  solvent.  In  this  way  almost  colourless  needles 
were  obtained  which  melted  at  167^  and  showed  all  the  properties  of 
hemipinic  anhydride.  It  was  dissolved  in  a  little  boiling  alcoholic 
potash,  and  the  solution  diluted  with  water,  and  boiled  for  half  an  hour. 
The  product  was  evaporated  to  a  small  bulk,  acidified  with  hydrochloric 
acid,  repeatedly  extracted  with  ether,  the  ethereal  solution  evapo- 
rated, and  the  residue  recrystallised  from  wateri  '  'The  crystals  ob- 
tained melted' at  178 — 180",  and  showed  all  the  properties  of  hemipinic 
acid. 

Berhertne  Hydrogen  Sulphite,  CsoHitNOajHjSOj. 

In  oxidising  berberine  with  potassium  permanganate,  a  small 
amount  of  the  alkaloKd  always  escapes  the  action  of  the  oxidising 
Wgent,  and  this,  during  the  subsequent  treatment  with  sulphurous 
acid,  is  converted  into  berberine  hydrogen  sulphite.  This  very  in- 
soluble substance  is  dbtained  in  small  quantity  during  the  purifica- 
tion of  anhydroberberilic  acid  (p.  1014)  «s  a  light  yellow  preci- 
pitate ;  and  for  a  long  time  its  constitution  was  a  matter  of  doubt,  as 
it  seemed  very  improbable  that  a  snlphite  of  berbeniie  could  be  so 
sparingly  soluble  in  water.  It  was  purified  by  recrystallisation  from 
very  large  quantities  of  water,  dried  at  100^,  and  analysed  with  the 
following  results : — 

I.  0-1734  gram  substance  gave  0*0749  gram  HjO  and  0-8629  gram 
CO,. 
0*2319  g^m  substance  gave  7  c.c.  nitrogen ;  t  =  19** ;  bar.  = 

748  mm. 
1'4174  gram  substance,  boiled  with  dilute  nitric  acid  until  the 
'  evolution  of  nitrous  fumes  had  ceased,  largely  diluted  with 

water,  and  precipitated  with  barium  chloride,  gave  0'7750 
gram  BaSOi. 
'   11.  01188  gram  substance  gave  00504  gram  H3O  and  0*2510  gram 
CO.. 
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Fonnd. 

Theory.  / *>       n 

C„H,7N04,H,S05.  t              II. 

C 57-55  per  cent.  5708      67*62  per  cent. 

H 4-55        „  4-80        4-71 

N 3-36        „  3  48         — 

SO* 2302        „  2:2571         — 

This  salt  is  remarkablj  stable,  and  prystallises  from  dilute  Bolntions 
of  potassium  carbonate  uacbanged.  It  dissolves  readilj  in  dibite 
nitric  acid,  and  on  cooling  berberine  nitrate  ciystallises  out. 

01712  gram  substance  gave  00740  gram  HaO  and  0*3799  gram 
CO,. 

Theory. 
C„H,7N04BN03.  Found, 

C  ....... .      60-30  per  cent.  60-40  per  cent. 

H 4-52        „  4-80 

Berberine  bydrogen  sulphite  dissolves  readilj  in  dilate  hydro- 
chloric acid,  and  on  the  addition  of  platinum  chloride  a  yellow  preci- 
pitate of  berberine  platinochloride  is  thrown  down. 

This  was  collected,  washed  with  water,  dried  at  100\  and  analysed 
with  the  following  result : — 

0-2284  gi*am  substance  gave  00718  gram  HgO  and  0*3708  gram 

CO2. 
0-3739  gram  substance  gave  0-0670  gram  Pt, 

Theory. 
(C«^,7N04)j,H,PtClt.  Found. 

G 44-47  per  cent.  4422  per  cent. 

H 3-33        „  3-49        „ 

Pt 1802        „  17-96        „ 

As  soon  as  the  composition  of  this  substance  had  been  determined 
in  this  way,  confirmatory  experiments  were  made,  with  the  object  of 
preparing  this  salt  directly  from  berberine ;  and  it  was  found  that 
when  a  solution  of  berberine  hydrochloride  is  mixed  with  a  pplntion 
of  sodium  hydrogen  Bulphite  containing  an  excess  of  sul|dinrous  acid, 
a  precipitate  is  produced  which  has  properties  exactly  siisilar  to 
those  of  the  salt  described  above.  It  was  not  thought  necessary  to 
analyse  it. 

EfsaminoHon  of  ihe  Mother  Liquors  of  Berierike  Acid  ^md  ^fjBerberal, 

Using  the  methods  of  separation  described  in  the  preceding 
sections,  the  actual  weight  of  crystalline  substances  obtained  by 
oxidising  1  kilo,  of  berbeiine  hydrochloride  is  only  about  350--400 
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grams;  at  least  half  the  prodnct  remains  in  the  alcoholic  mother 
liqiriors  of  berherilio  acid  and  in  the  acetio  acid  mother  liquors  of  ber^ 
beml  (pp.  1041,  1068,  and  Trans.,  1889,  pp.  78  and  81). 

vl^eae,  on  evaporation,  deposit  thick,  almost  black,  tarry  masses, 
irom,  which  only  small  qoantities  of  crystalline  snbstanoes  conld  he 
obtained  by  treatment  with  solvents.  As,  however,  it  seemed  probable 
ihat  very  interesting  compounds  might  be  contained  in  these  tars,  the 
investigation  of  which  might  throw  additional  light  on  the  qnestion 
of  the  constitirtio&  of  berberine,  a  large  number  of  experiments  were 
MBictnted  with  the  object  of  decomposing  these  tars  and  thus  obtaining 
crystalline  decomposition  prodnotfi,  the  study  of  which  would  reveal 
the  nature  of  th^xsop pounds  actually  contained  in  the  tars.  After 
numerous  failui*es,  the  following  method  gave  unexpectedly  good 
results  r-^ 

The  mother  liquors  of  berberiUe  ctoid  were  first  experimented  with. 
These  were  gently  heated  in  a  dish  on  a  water-bath  until  free  from 
alcohol,  and  the  black  residue  boiled  briskly  in  a  lai^,  enamelled 
pan  with  a  oonsiderable  quantity  of  8 — 10  per  cent,  snlphuric  acid  ; 
the  whole  being  well  stirred  during  the  operation.  After  boiling 
for  two  hours,  the  greater  portion  had  dissolved,  forming  an 
Drange<»loured  solution;  this  was  allowed  to  cool,  decanted  from  the 
undissolved  tar,  and  the  latter  again  boiled  with  fresh  dilute  sulph* 
uric  acid,  the  operation  being  continued  until  only  a  small  quantity 
of  a  pitch-like  substance  remained,  which  was  not  farther  acted  on 
by  the  sulphuric  acid. 

The  resulting  liquors  were  treated  by  one  of  the  two  following 
i^ethods  :— 

Ji^Viod  I. — The  liquors  were  extracted  20  times  with  ether ;  the 
v^aq^ting,  almost  colourless,  flocculent  ethereal  solution,  on  standing 
ID.  a  cold  place,  deposited  a  quantity  of  crystals.  These  were  collected, 
washed  with  ether,  and  recrystallised  twice  from  water,  and  in  this 
way  beautiful,  lustrous  plates  were  obtained,  which,  after  drying  at 
100**,-  gave  the  following  numbers  on  analysis  :— 

01510  gram  substance  gave  0-0638  gram  HtO  and  0*3175  gram 

CO,. 
0*2010  gram  substance  g^ve  6*5  ac.  nitrogen ;   t  =  2P ;   bar.  = 

'740  mm.  « 
Theory. 
C50H19NO9.  Found. 

C 57*65  per  cent.  67*34  per  cent* 

H 4*55        „  4*69 

*    N..; 3-35        „  '      3'47 

"  This  9ttbstance  melts  at  ISO"",  iaod  is  identical  with  the  compound 
Ci^Hi^Ot,  dMcxibed    in   Part   I   of   this    research  (p.  8^);  it.  is 
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isomeric  with  berberilic  acid,  from  wbicli  it  differs  in  tlie  folic  wing 
point : — The  substance  dissolves  readily  in  hot  dilate  sodium  cariion- 
ate  solution,  and,  on  standing,  lustrous  ciystals  of  the  sabstance 
GiftHsNOs  (p.  1013)  separate,  and  the  alkaline  liquors,  on  examination, 
are  found  to  contain  hemipinic  acid,  which  can  be  isolated  an  ita 
calcium  salt  in  the  usual  way  (p.  1095).  A  quantitative  determin* 
ation  of  the  relative  amounts  of  these  decomposition  products  formed 
gave  the  following  results  : — 

1'18  grams  of  substance  yielded  0*49  gram  of  the  anhydride 
CioHtNOa  and  0*66  gram  of  calcium  hemipinate.  The  compound 
CS0H19NO9  is  therefore  decomposed  according  to  the  equation 

CjoHijNOg  +  NajCO,  =  CjoH^NOs  +  doHsO.Naj  +  CO,. 

according  to  which  118  grams  should  have  yielded  0*54  gram  of  the 
•substance  CioHgNOs  and  0*74  gram  of  calcium  heinipinate.  The 
substance  is  therefore  the  hydrogen  hemipinic  bait  of  GioH»NOa,  and 
has  the  following  constitution  : — 


l3^ 


Berberilic  acid,  with  which  this  substance  is  isomeric,  has  the 
following  somewhat  similar  constitution  : — 

The  ethereal  mothfer  liquors  from  this  substance,  on  evaporation^ 
deposited  considerable  quantities  of  a  jellow,  crystalline  mass,  whioh, 
on  examination,  was  found  to  be  almost  pure  hemipinic  acid.  It  was 
pnri66d  by  means  of  the  calcium  salt,  recrystallised  twice  from 
water,  and  the  beautifully  colourless,  lustrous  prisms  thus  obtained 
were  analysed  with  the  following  results : — 

0*1258  gram  substance  gave  00528  gram  H^O  and  0*2446  gram 

COa. 

Theory. 

CioHioOj.  Found. 

,  C 63-Q9  per  cent.  53*02  per  cent. 

H 4*42        „  4*66        „ 

O ,.     42*48        „  42*32 

0-5610  gram  substance,  dried  at  100°,  lost  0*0792  gram. 

CioHioOe  +  2H,0  contains  13*74  percent,  of  water  of  crystallisation. 

*'ound 14-11         „  „  „  „ 

The  sulphuric  acid  mother  liquors,  from  which  the  subeiaaoet 
GyiHigNPs  and  hemipinic  acid  had  been  separated  by  eztractiQU  witl^ 
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ether,  were  mixed  with  jnst  sufficient  baryta-water  to  remove  the 
sulphuric  acid,  filtered,  and  the  yellow  filtrate  evaporated  to  a  small 
bulk.  The  solution,  on  standing,  deposited  crystals,  which  were 
found  to  consist  of  a  mixture  of  the  substances  CioHnNOi  (p.  1055) 
and  C10H9NO3  (p.  1013),  and  in  this  way  considerable  quantities  of 
these  substances  were  prepared  for  use  in  subsequent  work. 

From  these  experiments,  it  appears  that  the  tarry  substances  con* 
tained  in  the  alcoholic  mother  liquors  of  berberilio  acid  still  contain 
large  quantities  of  this  acid,  which  is  hindered  from  crystallising 
by  the  presence  of  a  small  quantity  of  a  black,  tarry  decompositioTi 
product. 

Method  IL — The  acid  liquors  were  evaporated  to  the  crystallising 
point,  without  extracting  with  ether,  and  set  aside  to  crystallise. 
After  standing  for  seven  days,  the  almost  colonrless,  crystalline  cake 
which  had  formed  at  the  bottom  of  the  dish  was  separated  from  the 
mother  liquor,  washed  with  a  little  water,  and  drained  on  a  porous 
plate.  The  liquors  were  then  carefully  evaporated,  allowed  again  to 
crystallise,  the  operation  being  continned  as  long  as  crystals 
separated.  The  various  crops  of  crystals  were  mixed,  boiled  with 
sufficient  water  to  completely  dissolve  them,  the  solution  filtered, 
allowed  to  stand  for  two  days,  the  crystals  which  separated  collected, 
and  recrystallised  twice  from  water.  In  this  way,  magnificent,  pale- 
yellow,  lustrous  crystals  were  obtained  which  on  analysis  gave  the 
following  numbers : — 

I.  01308  gram  substance  gave   0*0608  gram  H,0  and  0*2746 
gram  COj. 
0*1910  gram  substance  gave  7*3  c.c.  nitrogen ;  t  =  15^ ;  bar.  = 
750  mm. 
IT.  0*1450  gram  substance  gave  0*0648  gram  HgO  and  0*3096  gram 
HjO  and  0*3096  gram  COj. 
0*2310  gram  substance  gave  9*6  c.c.  nitrogen ;  t  =  12" ;  bar.  = 
740  mm. 

III.  01512  gram  substance  gave  00765  gram  H^O  and  0  3201 

gram  C0». 
0*2526  gram  substance  gave  10*0  c.c.  nitrogen  ;  t  =s  20*;  bar.  = 
742  mm. 

IV.  01518  gram  substance  gave  0*0680  gramHaO  and  0*3250  gram 

CO,. 
0*1338  gram  substance  gave  5*1  c.c.  nitrogen  ;  /  =  18" ;  bar.  = 
750  mm. 
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Found. 


c... 

Theory. 
C„HwN,0„. 

57-51  p.  c. 

Theory. 
C»HaN,0„. 
59-21  p.  c. 

1 

I. 

57-19 

II. 
58-22 

in. 
57-74 

l^ 
58-38  p.  c 

H.... 

4-79    „ 

4-57     „ 

5-17 

4-96 

5-62 

4-97    „ 

N.... 

4-47    „ 

4-57    „ 

4-40 

4-80 

4-40 

4-32    „ 

Each  of  these  analyses  was  made  with  a  different  preparation. 

The  formnla  CjoHaoNsOis  represents  the  hemipinaie  of  the  snb- 
stance  GioHfNOs,  crystallising  with  one  molecule  of  water  = 
(CioH9N08)2CioHio06  +  H2O ;  the  formnla  CJS^JStOjs  represents  the 
anhydrous  salt ;  it  is  probable  that  the  former  is  the  correct  formnla. 
This  beantif  al  substance  melts  at  about  187 — 189**  if  very  quickly 
heated,  but  if  slowly  heated  it  melts  at  about  177°  with  decomposi- 
tion. It  is  sparingly  soluble  in  alcohol,  benzene,  and  cold  water, 
moderately  in  hot  water,  readily  soluble  in  acetic  acid. 

The  pure  substance  dissolres  readily  in  hot  dilute  sodium  carbonate 
solution,  and  on  cooling,  beautiful  plates  of  the  substance  doH^NOt 
separate  out,  whilst  the  alkaline  solution  contains  hemipinic  acid. 
When  heated  at  180 — 200''  for  a  short  time,  decomposition  sets  in,  a 
quantity  of  water  vapour  is  giyen  off,  and  the  residue  dissolved  in  a 
little  boiling  acetic  acid  deposits,  on  cooling,  crystals  of  hemipinic 
anhydride  (m.  p.  167°).  The  substance  C]oH»NOs  may  be  obtained 
from  the  mother  liquors  of  these  crystals  by  evaporation  and  re- 
crystallising  the  residue  from  water. 

The  aqueous  mother  liquors  from  these  yellow  crystals  contain 
considerable  quantities  of  a  second  subst-ance,  which  is  much 
more  readily  soluble  and  crystallises  with  difficulty.  The  concen- 
trated liquors  on  long  standing  deposit  feathery  crystals,  which  are 
difficult  to  obtain  quite  pure,  owing  to  the  fact  that  when  recrystal- 
lised  from  water,  they  are  decomposed  to  some  extent  with  formation 
of  the  yellow  crystals  described  above.  A  very  carefully  recrystal- 
lised  sample  of  this  substance  gave  the  following  results  on 
analysis : — 

01602  gram  substance  gave  0*0772  gram  HaO  and  0*2964  gi*am 
COa. 

0-2902  gram  substance  gave  10*7  c.c.  nitrogen;  ^  =  20**;  bar.  = 
745  mm. 

0*2930  gram  substance,  dissolved  in  water,  acidified  with  hydro- 
chloric acid,  and  precipitated  with  barium  chloride,  gave 
0*0881  gram  BaSO^. 
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TheoTT. 
C«H«0uN,(S04)  = 
CioHioOe(CM^ixS002,HjS04-  Found. 

C 48*52  per  cent.  50*45  per  cent. 

H 4-59        „  5-35        „ 

N........  3-77        „  410 

SO4 12-94        „  12-35 

Thk  sabBtanoe  is  a  mixed  sulphate  and  hemipinate  of  the  base 
O10H11NO4.  It  crystallises  from  water,  in  which  it  is. readily  soliible, 
in  colourless  feathery  leaflets,  which  melt  at  about  190°  with  decom- 
position. The  constitution  of  this  salt  is  readily  shown  from  the 
following  experiment : — 

A  quantity  of  the  substance  was  dissolved  in.  warm  water,  just 
sufficient  barium  hydrate  solution  added  to  remove  all  the  mlphuric 
acid,  the  product  filtered,  and  the  clear  filtrate  evaporated  to  a 
small  bulk  on  a  water-bath.  After  standing  for  two  days,  peculiar, 
pale-yellow,  nodular  crystals  had  formed ;  these  were  coUeoted, 
washed  with  water,  dried  at  lOO'',  and  analysed  with  the  following 
x^sult : — 

I.  01501  gram  substance  gave  00719  gram  H3O  and  03053  gram 

0-2722  gram  substance  gave  95  c.c.  nitrogen;  t  =  12*  ;  bar.  = 
755  mm. 
II.  0-2680  gram  substance  gave  9*9  c.c.  nitrogen ;  <  =  14** ;  bar.  = 
758  mm. 

Theory.  Found. 

CioH,oO,(C,oH„N04)2.  t  II. 

C 55*90  per  cent.  55-47  —  per  cent. 

H 4-97        „  5-32  — 

N 4-36        „  407  4-33 

The  formation  of  this  salt  from  the.  double  salt  just  described  is 
represented  thus — 

CioH,oO,(C,oHnN04)2,HaS04  -f  Ba(0H)2  =  C,oIl,oO.(C JEIuNO*),  -f 

BaSO*  +  2H,0. 

The  di-hetnipinate  of  the  base  O10H11NO4  is  readily  soluble  in 
hot  and  moderately  in  cold  water;  it  crystallises  after  long 
standing  in  nodnlar  masses  somewhat  resembling  the  hydrogen 
hemipinate  of  the  same  base  (p.  1061).  It^melts  at  about  175°  with 
decomposition ;  it  is  moderately  soluble  in  hot  alcohol,  very  readily 
in  acetic  acid,  and  almost  insoluble  in  benisene  The  strong  solution 
in  water,  acidified  with  hydroehloric  acid  and  mixed  with  platinum 
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chloride,  gives  a  precipitate  of  tho^  platxnochloride  of  CioHnN04,  and 
on  extracting  the  solution  with  ether^  and  evaporating  the  ethereal 
extract,  a  residue  of  hemipinic  acid  is  obtained. 

Either  of  the  above  methods  may  be  employed  for  preparing  con- 
siderable quantities  of  the  substance  doHtNOs  from  the  tarry  mother 
liquors  of  berberilic  acid,  and  both  give  good  results,  but,  as  a  rule, 
method  I  was  adopted  in  dealing  witii  large  qu«ntitieft  off  these 
mother  liqomnsi.. 


Examination  of  the  Mother  Liquors  of  BerberaX. 

fieibire  experimenting  with  these  toother  Kquors,  the  greatefr  bulk 
of  the  water  and  aeetio  acid  .was  diflftflled  off;  the  blabk,  tarry  residue, 
which  obviously  still  contained  considerable  quantities  of  berberal, 
was  then  treated  with  various  solvents  with  the  vit&w  of  isolating  this 
-substance,  but  without  success.  The  whole  of  the  tar  was  then 
boiled  with  large  quantities  of  20  per  cent,  sulphuric  acid  for  some 
hours,  filtered  from  any  undissolved  matter,  and  the  reddish-brown 
solution  allowed  to  stand.  In  the  course  of  a  few  days  a  large 
quantity  of  bright-i'eddish  needles  had  separated,  these  were 
collected,  washed  with  water,  and  recrystallised  from  very  dilute 
sulphuric  acid ;  a  large  quantity  of  bright-yellow  needles  were 
obtained  which  were  identified  as  sulphate  of  berberine. 

The  platinochloride  prepared  from  this  salt  gave  on  analysis  the 
following  numbers  : — 

0'3271  gram  substance  gave  0*0587  gram  platinum. 


Theory.  -    • . 

(Cs(;Hi7N04),,HsPtCl4.  Found*    -  • 

Pt ..•.      18^  per  cent.    .  17'94  per  oenl . 

'  In  one  ease,  in  which  1  kilo,  of  berberlne  hydrochloride  had  been 
oxidised,  in  the  usual  way,  nearly  100  grams  of  unchanged  berberine 
sulphate  was  ^recovered  from  the  mother  liquors  of  berberal  by  the 
above  method. 

*  The  mother  liquors  from  which  the  berberine  sulphate  had  crystal- 
lised were  concentrated,  and  e&tmcted  20  times  with  ether ;  the  solu- 
tion on  evaporation  deposited  a  qoantii^  of  akuo9t  ooJxHurless  orystels^ 
which  could  not  be  obtained  pore,  but  whiob.  appeared  for  the  moat 
part  to  consist  of  the  pseudopianic  saH  of  the  aubstance  GioHtNOa 
(mv  p,  l^Q"*,  see  p.  1080).  The  whole  quantity  waa  dissolved 
in  boiling  sodium  carbonate  solutien ;  this  solntaoBi,  on  oooling*  da- 
posited  colourless  crystals  of  the   aaahydride    CioHfNQd,    and  the 
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alkaline  solation  contaiiied  a  considerable  quantity  of  psendopianic 
acid. 

The  snlpharic  acid  liquors  which  had  been  extracted  with  ether 
still  contain  a  large  amount  of  the  substance  GioHsNOs,  which  may 
be  extracted  by  precipitating  the  sulphuric  acid  with  baryta- water 
and  evaporating  the  solution.  The  product  thus  obtained  is,  how- 
ever, very  crude  and  difficult  to  purify. 

These  experiments  seem  to  prove  that  the  mother  liquors  of  berberal 
and  of  berberilic  acid  do  not  contain  any  other  products  than  those 
already  described  in  this  paper. 

Examination  of  the  Aqueous  Mother  Liquors  from  the  Oxidation   of 
Berberine  (p.  1013). 

These  aqueoas  mother  liquors,  from  which  the  balk  of  the  neutral 
organic  substaDces  had  been  extracted  by  ether,  deposited,  on 
evaporation,  a  quantity  of  a  solid  residue,  which  on  examination  was 
found  to  contain  large  quantities  of  organic  matter. 

As  it  was  important  to  determine  the  nature  of  these  organic  sub- 
stances, some  qualitative  experiments  were  first  instituted.  To  a 
portion  of  the  solution,  phosphomolybdic  acid  was  added,  the  pre- 
cipitate which  formed  collected,  washed,  treated  with  alkalis,  and 
the  white,  crystalline  mass  which  separated  recrystallised  from  water. 
In  this  way  colourless  plates  were  obtained,  which  after  recrystal- 
lisation  from  water  melted  at  181 — 182*",  and  consisted  of  the  an- 
hydride CioHgNOs  (p.  1013). 

A  second  portion  of  the  solution  was  acidified,  extracted  several 
times  with  ether,  the  ethereal  solution  evaporated,  the  residae 
neutralised,  boiled  with  calcium  chloride,  and  the  precipitate  which 
formed  dissolved  in  a  little  hot  dilute  hydrochloric  acid.  After 
standing  for  some  time,  an  acid  separated  which  showed  all  the  pro- 
perties of  hemipinic  acid,  but  which  seemed  to  be  mixed  with  small 
quantities  of  another  acid.  In  order  to  determine  approximately 
the  amonnt  of  hemipinic  and  other  acids  present  in  the  solatioD,  the 
liquors  from  1  kilo,  of  berberine  hydrochloride  were  neutralised, 
mixed  with  a  large  quantity  of  a  saturated  solution  of  calcium 
chloride,  and  heated  to  boiling  for  half  an  hour.  The  precipitate 
which  formed  was  collected  on  cloth  bags,  well  washed  with  hot 
water,  and  extracted  with  hot  dilute  hydrochloric  acid,  until  no  more 
organic  matter  passed  into  solution.  The  acid  solution  was  filtered 
from  the  mass  of  calcium  sulphate  which  is  necessarily  always 
present,  evaporated  to  the  crystallising  point,  and  the  dark-brown 
crystalline  crust  which  sepai*atcd  on  cooling  dissolved  in  dilute  sodium 
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carbonate  solntion  and  boiled  wifch  freshly  ignited  animal  charcosd 
for  one  hour.  The  pale-yellow  filtrate  was  nentralised  with  hydro- 
chloric acid,  boiled  with  calciam  chloride,  the  calcium  salt  which 
separated  decomposed  with  hydrochloric  acid,  and  the  acid  thus 
obtained  recrystallised  from  water.  The  white,  crystalline  powder 
which  was  deposited  from  the  hot  solntion  was  dried  at  100^,  and 
analysed  with  the  following  result : — 

I.  0*1450  gram  substance  gave  00552  gram  HjO  and  0*2808 

gram  G02. 
n.  01650  gram  substance  gave  00560  gram  HjO  and  0-3016 
gram  COj. 
III.  0-1562  gram  substance  gave  0 0573  gram  H,0   and   03016 
gram  CO2. 

Found. 

Theory.  Theory.  f * ^ 

CioHjoOe.  CjHeOe.  I.  II.  III. 

C...    53-10  p.  c.       51-43  p.  c.       52-81     5306    52-66  p.  c. 
H.,.     4-42    „  2-86    „  422      3-94      407    „ 

O....   42-48    „         46-71     „         42-97    4300    4327    „ 

These  analyses  were  made  with  different  preparations. 

This  substance  melts  at  165 — 168°  with  decomposition  and 
evolution  of  gas.  It  shows  all  the  properties  of  hemipinic  acid,  and 
undoubtedly  consists  for  the  most  part  of  this  substance  con- 
taminated with  a  second  acid  (hydra  stic  acid  P)  which  contains  much 
less  hydrogen. 

In  order  to  prove  the  presence  of  hemipinic  acid,  about  2  grams 
of  the  substance  was  heated  at  200*^  for  one  hour,  and  the  residue  re* 
crystallised  twice  from  glacial  acetic  acid.  The  beautiful,  colourless 
needles  thns  obtained  melted  at  167°,  and  showed  all  the  properties  of 
hemipinic  anhydride. 

Analysis : — 

01552  gram  substance  gave  0-0654  gram  HjO  and  0'3272  gram 
CO2. 

Theory. 

OhJo>  ^«^«<cO>^-  FouDd. 

C 57'69  per  cent.  67-49  per  cent. 

H 3-84      „  3-96       , 


0 38-46       '  38-65 
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And  to  such  papers  as  appeared  in  the  Proceedings  during  the 
Session  1889—1890  (Nos.  72—86,  Novemher,  1889,  to  July, 
1890,  ioclusive),  but  not  in  the  Transactions. 


Aeetol,  Psoo.,  1889, 156. 

Acetone  and  benzoin,  compound  from, 

783. 
Acetonebenzil,  preparation  of,  673. 
AcetOTalerio  acid,  230. 
Aoetyl-ntf-amidoethjlpiperonylcarb- 

oxylio  anhydride,  1016. 
Aoetjlanhydroberberilic  acid,  1041. 
Acetylcarbinol,  Pboc,  1889,  157. 
Acetj)-aetf-diethjlcaproio  acid,  <u-,  36. 

oxime,  w,  37. 

AcetylparadeBjlphenol,  968. 
Acetjlphenanthraquinol,  Pboo.,  1890, 

31. 
Aoetylpseudocumjlhydrazine,  55. 
Acetjltrimethjlenecarboxylic      acid, 

Pboo.,  1890, 137. 
Acetyl-Talues,  Benedikt*B,  Pboc,  1890, 

72,  91. 
Acids,  fiittj,  acetjl-yalueB  of,  Pboo., 

1890,  72,  91. 
^— action  of  phosphoric  anhydr- 
ide on,  532,  980. 
Adipic  acid,  dibrom-,  371. 

dichlor-,  939. 

Alcohol,  influence  of,  on  the  action  of 

inyertase  on  cane-sugar,  860. 
Alkalis,  influence  of,  on  the  action  of 

iuTertase  on  cane-sugar,  852. 
Alkyldiazoamides,  785. 
mixed,  general  remarks    on    the 

nature  of  the  combination  between, 

798. 
Alloys,  behayiour  of,  near  their  freezing 

points,  387. 

eutectic,  of  tin,  386. 

Allyl  imidophenylthiocarbamate,  302. 
phenylimidophenylthiocarbamate, 

808. 
Allylphenylsemithiocarbazide,  262. 


AUyltriphenylpyrrholone,  707. 
—  crystallography  of,  743. 
Alumina,  influence  of,  on  the  decom- 
position of  potassium  chlorate,  276. 
Aluminium,  effect  of,  on  the  freezing 

point  of  tin,  385. 
Amides,  aromatic,  reduction  of,  957. 
Ammonium  hypcichlorite,  Pboo.,  1890, 

22. 
salts  and  hypochlorites,  interaction 

of,  Pboo.,  1890,  22. 
Ammonium-compounds,  mixed  quatem- 

aiy,  action  of  heat  on  the  chlorides 

and  hydroxides  of,  767. 
Amylo-hydrolyst,  531. 
Anhydroberberilamide,  1046. 
Anhydroberberilanilide,  1047. 
Anhydroberberilic  acid,  994,  1037. 

—  constitution  o^  998. 

salU  of,  1037. 

synthesis  of,  1061. 

chloride,  1042. 

Anilido-3-diphenyl-5-phenylpyTrhobne, 

[1-],  683. 
Anisamide,  reduction  of,  957. 
Annnal  general  meeting,  March  27th, 

1890,  426. 
Anthracene  formula,  Pboc.,  1890, 102. 
Antimony,  effect  of,  on  the  freezing 

point  of  tin,  387. 
oxide,  influence  of,  on  the  decom- 
position of  potassium  chlorate,  275, 

277. 

sulphates  of,  540. 

Antiseptic  powers  of  iBomeric  organic 

compounds,  636. 
Arabinon,  59. 
Arsenic    oxide,    influence    of,    on   the 

decomposition  of  potassium  chlorate, 

277. 
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B. 

Balance  Sheet  of  the  Chemical  Society 

from  March  18, 1889,  till  March  20, 

1890,  488. 
of  the  Besearch  Fund  from 

March  18, 1889,  tiU  March  20, 1890, 

439. 
Barium   oxides,  influence   ofj  on   the 

decomposition  of  potassium  chlorate, 

280. 
Barley,  culture  of  excised  embryos  of, 

on  nutrient  solutions,  483. 
culture  of  excised  embryos  of,  on 

water,  482. 
malted,  distribution  of  diastase  in, 

508. 

structure  of  a  grain  of,  461. 

Benzaldehyde  and  ammonia,  action  of, 

on  diacetyl,  8. 
Benzene,  nitro-,  action    of   ohromimn 

oxychloride  on,  253. 
Benzeneazo-j3-naphthylamine,     triazine 

from,  829. 
Benzene-formula,  Pboo.,  1800,  101. 
Benzile,  reduction  of,  Pboo.,  1890,  81. 
Benzobutyl  alcohol,  309. 

oxime,  310. 

Benzoin  and  acetone,  compound  from, 

783. 
Benzyl  imidophenylthiocarbamate,  296. 

phenylimidophenylthiocarbainate, 

298. 

thiocarbamate,    preparation,    re- 
actions, and  properties  of,  298. 

BenzyUdenepseudocumylhydrazine,  55. 

Berberal,  1062. 

action  of  alkalis  on,  1075. 

-  action    of    phenyUiydrazine    on, 
1077. 

constitution  of,  1002. 

— ^-  examination  of,  1000. 

hydrolysis  of,  1064. 

— —  synthesis  of,  1079. 

Berberilic  acid,  994, 1048. 

action  of  heat  on,  1051. 

constitution  of,  998. 

hydrolysis  of,  1053. 

salts  of,  1049. 

Borberine,  992. 

constitution  of,  1008. 

hydrogen  sulphite,  1096. 

oxidation  of,  with  potassium  per- 
manganate, 1010. 

Berberoline,  constitution  of,  1009. 

Berilic  acid,  1091. 

salts  of,  1092. 

Bismuth,    effect    of,  on    the    freezing 
point  of  tin,  884. 

Bis  -1  •phenyl-3-methyl-4-methylene-5- 
pyrazolone,  222. 


Bomeol,  preparation  of,  from  terpene, 

968. 
Butyl  mercaptan,  tertiary,  689. 


Cadmium,  effect  of,  on  the  freezing 
point  of  tin,  383. 

Calcium,  effeet  of,  on  the  freezing  point 
of  tin,  884. 

oxide,  influence  of,  on  the  decom- 
position of  potassium  chlorate,  280. 

Camphene,  constitution  of,  964. 

Camphor,  a  new  monobromo-,  828. 

action  of  ethyl  oxalate  on,  652. 

constitution  of,  832,  964. 

—  isobromo-,  828. 

production  of,  from  turpentine, 

961. 

Camphor-oxalic  acid,  653. 

— •  reduction  of,  664. 

Camphorsulphonic  acid,  bromo-,  838. 
Carbon  bisulphide,  explosion  of,  with 

air  or  oxygen,  625. 
Catechol,  preparation  of,  587. 
Cellulose,  aoetylation  of,  1. 

constitution  of,  3. 

existence  of  an  enzyme  which  di»- 

solvee,  in  the  seeds  of  grasses,  497. 

flax,  characters  of,  199. 

pentacetate,  2.  . 

Cerebrose  and  galactose,  identity  of,  67. 

Ceryl  alcohol  from  flax,  198. 

Chemical  change  under  great  pressuro^ 

eyidence  of,  afforded  by  petrographi- 

cal  research,  404. 
Chloric  acid,  action  of  light  on,  624. 
Chlorine,  action    of,  on  water  in  the 

light,  613. 
Chromium  oxide,  influence  of,(on  the 

decomposition  of  potassium  chlorate, 

277. 
Cinnamaldehyde  and  ammonia,  action 

of,  on  diacetyl  and  on  phenantbra- 

quinone,  11. 
Cinnamenyldimethyglyoxaline,  11. 
Cinnamenyldiphenyleneoxazole,  12. 
Citrusy  crystalline  substances  obtained 

from  the  fruits  of  yarious  species  of, 

823. 
Cobalt  sesquioxide,  influence  of,  on  the 

decomposition  of  potassium  chlorate, 

278. 
Conductirity,  electrical,  of    sulphorio 

acid  solutions,  86-~88,  158—160. 
Copper,  effect  of,  on  the  freezing  point 

of  tin,  879. 

hydroeulphide,  Pboo.,  1890,  60. 

oxide,  behayiour  of  at  high  tem- 
peratures, 269. 
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Copper  oxide,  influence  of,  on  the  de- 
composition of  potaasium  chlorate, 
279. 

pure,  production  of,  in  a  ciystalline 

condition,  Pboo.,  1890,  95. 

Ciyohjdrates,  nature  of,  361. 

Ci^Btallography  of  dibenzoyloinnamene- 
derivatiTes,  714. 

Cupric    See  Copper. 


D. 

Densities  of  sulphuric  acid  solutions, 
69—85, 139—168. 

Desylacetophenone,  643. 

action  of  phenylhjdrazine  on,  647. 

oximes  of  650. 

Desylanisolil,  paia-,  969. 

Desylphenol,  para-,  965. 

fusion     of,    with     caustic 

potash,  971. 

reduction  of,  with  hydriodio 

acid,  971. 

Biacetyl,  action  of,  benzaldehyde  and 
ammonia  on,  8. 

action  of  cinnamaldehyde  and  am- 
monia on,  11. 

action  of  salicylaldehyde  and  am- 
monia on,  10. 

w(U|-Diacetylbutane,  241. 

Diacetyl-aoi-diethylpentane,  ouu-,  29, 82. 

dioxime,  33. 

Diacetylparadesylphenol,  968. 

Diacetylpentane,  acu-,  action  of  dehydrat- 
ing agents  on,  13. 

action  of  reducing  agents  on, 

Pboo.,  1889, 145. 

condensation  products  of,  26. 

Diastase,  distribution  of,  in  malted 
barley,  508. 

does   the  aleurone-layer  secrete  ?, 

520. 

genesis  and  diBtribution  of  the  two 

Tarieties  of,  in  the  resting  and  germi- 
nating seed,  505. 

localisation  of  the  secretion  of,  in 

the  embryo,  493. 

—  of  secretion,  509. 

of  secretion,  action  of,  on  ungela- 

tinised  starch,  510. 

of  translocation,  509. 

Diazoamides,  normal  and  mixed,  785. 

Diazometanitrobenzene-methylparatolu- 
idide,  combination  of  with  diazopara- 
bromobenzene  -  methylparatoluidide, 
793. 

Diazo  -  |3-naphthalene-methylparatoluid- 
ide,  combination  of,  with  diazopara- 
bromobenzene  -  methylparatoluidide, 
797. 


Diazoparabromobenzeue  -  methylpara- 
toluidide, combination  of  diazometa- 
nitrobenzene  -  methylparatoluidide 
with,  793. 

combination  of  diazo-|3-naph- 

thalene  -  methylparatoluidide      with, 
797. 

Dibenzoylamidoethylpiperonylcarb- 
oxylic  acid,  1059. 

Dibenzoylcinnamene,  aiS-,  662. 

action  of  bromine  on,  711. 

action  of  heat  on,  677. 

action  of  hydroxylamine  on,  710. 

action  of  phenylhydrazine  on,  708. 

crystallography  of,  715. 

distillation  of,  685. 

nitro-,  676. 

preparation  of,  672. 

Dibenzoylcinnamenimide,  692. 

crystallography  of,  718. 

dibromide,  693. 

Dibenzoylpentane,  aw-,  action  of  de- 
hydrating agents  on,  27. 

Diethyl  jS-dicMoromuconate,  934. 

Diethylphosphorous  acid,  634. 

Dihexyl  ketone,  hydrazone  of,  535. 

oxime  «f ,  585. 

preparation  of,  533. 

Dihatylcarbinol,  536. 

Dihydroxydimethylheptamethylene,  or- 
tho-,  Pboo.,  1889, 145. 

Dihydroxynaphthalene,  633. 

Diketones,  a-,  action  of  aldehydes  and 
ammonia  on,  8. 

reduction  of,  Pboc,  1890,  31. 

Dilaurylcarbinol,  983. 

Diiaurylcarbinyl  acetate,  984. 

Dimethyl  berberilate,  1050. 

dipropyl  glycol,  Pboc,  1890, 138. 

Dimethyl-cu-acetylcaproio  acid,  aeu-, 
Pboc,  1890, 117. 

Dimethyl  •  aaf  -  diacetylpentane,  aa -, 
Pboc,  1890, 116. 

Dimethyldiethylammonium  chloride 
and  hydroxide,  action  of  heat  on, 
780. 

Dimethylheptamethylene,  formation  of, 
Pboo.,  1889, 146. 

Dimethylpimelic  acid,  tud-f  Pboc,  1890, 
117. 

Dioxyberberine,  1003, 1087. 

action  of  alkalis  on,  1089. 

constitution  of,  1008. 

Dipalmitylcarbinyl  acetate,  987. 

Diphenyl-|3-benzoylpropionic  acid,  o- , 
681. 

action  of  heat  on,  685. 

—  action  of  hydroxylamine  on, 

683. 

action  of  phenylhydrazine  on. 
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Biphenyl-iS-benxoylpropioxuc  acid,  ethyl- 
amide  of,  706. 

methylamide  of,  703. 

reduction  of,  681. 

Diphenjlfurfuran,  944,  953. 

reduction  of,  965. 

tetrabromo-,  954. 

Diphenjlfurf urancarboxjlic  acid,  951. 

action  of  bromine  on,  953. 

Diphenylfurf urandicarboxylic  acid,  951. 

Biphenjl-ci^-naphthotriazine,  831. 

I)iphen7l-5-phen7lp7rrholidone,    [3-], 
683,  696. 

Diphenyltetrazine,  nitro-,  51. 

Diphenjltbiocarbamide,  action  of  alljl 
bromide  on,  303. 

action  of  benzyl  chloride  on,  297. 

Bipeeudocumyltetrazine,  56. 

Dispersion  of  phosphorous  oxide,  566. 

Dissolution,  heat  of,  of  sulphuric  acid 
solutions,  94—114, 165—177. 

Ditolyltetrazine,  dibromopara-,  51. 

nitro-ortho-,  54. 

nitropara-,  61. 

ortho-,  52. 

para-,  50. 

Ditolyltetrazinesulphonic   acid,   ortho-, 
58. 


E. 

Electrical  conductiyity  of  sulphuric 
acid  solutions,  86—88,  158—160. 

Embryo  and  endosperm,  relations  of, 
474. 

form    in    which    resenre    starch 

enters,  513. 

localisation  of   the    secretion  of 

diastase  in  the,  493. 

visible  changes  occurring  in,  during 

germination,  466. 
young,  secretion  of  an  amylohydr- 

olyst  [diastase]  by,  489. 
Embryos,  excised,  development  of,  upon 

foreign  eiidosperms,  478. 
of    barley,   culture  of,  on 

nutrient  solutions,  483. 
culture  of,  on  water, 

482. 
Endosperm    and    embryo,  relation  of, 

474. 
functions  of  the  starch  of,  478. 

visible    changes    occurring     in, 

during  germination,  466. 

Endosperms,  foreign,    development   of 

excised  embiyos  upon,  478. 
Enzymes,  835. 
hydrolytic,  origin  of  the,  of  genni- 

nated  grain,  511. 
Ether,  action  of  light  on,  674. 


Ether,  action  of  ozone  on,  584. 

slow  combustion  of,  585. 

Ethyl  camphor-oxalate,  phenylhydraz- 

one,  655. 
ooi-diacetyladipate,  204,  215. 

action  of  phenylhydrazine 

on,  221. 

'-  decomposition   of,  by  heat, 

224. 

acw-diacetyl-aa»-diethTlpimelate,  30. 

actf-diacetylvalerate,  228. 

hydrolysis  of,  229. 

dibenzoykuccinate,  preparation  of, 

949. 

dibromadipate,  372. 

dichloradipate,  939. 

iS-dichloromuconate,  933. 

diimidodiethyladipate,  218. 

cM^-dimethyl-aa'-diacetylpimelate, 

Pboc.,  1890, 117. 

dimethylpimelate,    Pboc.,  1890, 

117. 

diphenylhydrazinediacetyladipale, 

221. 

disodiodiacetyUdipate,  216. 

isomuoonate,  374. 

phenylacetylhexamethylenecarb- 

oxylate,  819. 

phenylhexamethylenedicarb- 

oxylate,  815. 

Ethylamidoethylpiperonylcarboxylic 
anhydride,  1035. 

Ethylbromopiperonylcarboxylic  anhydr- 
ide, (tf-amido-,  1017. 

Ethylmethyldihydropentene  methyl  ke- 
tone, 251. 

Ethylmethylhexamethylene,      a-iodo-, 
23. 

Ethylorthotolylsemithiocarbazide,  262. 

Ethylpiperonylcarboxylic  acid,  w-amido-, 
action  of  heat  on,  1058. 

action  of  methyl  iodide 

on,  1059. 

action  of  nitrons  aoid 

on,  1060. 

preparation  of,  1053. 

salts    of,    with    acidB, 

1056. 

»-chlor-,  1029. 

anhydride,  w-amido-,  993, 1013. 

fusion  of,  with  potash, 

1016. 

opianate  of,  1082. 

paeudopianate  of,  1076, 

1080. 

nitrosoamido-,  1018. 

Ethyltriphenylbromopyrrholone,    crys- 
tallography of,  736. 
Ethyltriphenylpyrrholone,  704. 
—  action  of  bromine  on,  705. 
crystallography  of,  730. 
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Expansion  by  heat  of  solphorio  acid 
solutions,  114—121, 177—184. 


P, 

Fats,  examination  of,  Pboo.,  1800,  72, 

91. 
Ferments,  terminology  of  hydrolysis, 

especiaUy  as  affected  by,  528. 

unorganised,  835.      ^ 

Ferric  oxide,  influence  of,  on  the  de- 
composition of   potassium    chlorate, 

278. 
Flames,  production  of  ossone  by,  Paoo., 

1890,  26. 
Flax,  constituents  of,  196. 
Frangulin,  38. 

hydrolysis  of,  46. 

preparation  of,  41. 

Freezing  points  of  solutions,  law  of, 

Psoc,  1890,  9. 
of  sulphuric  acid  solutions, 

381. 


Galactose  and  cerebrose,  identic  of,  67. 

Ghamoose,  milk  of  the,  764. 

Geddic  acid,  59. 

Germination,  changes  in  the    embiyo 

and  endosperm  during,  466. 

of  some  of  the  G-raminee,  468. 

Glyceride-hydrolyst,  531. 

GK>ld,  effect  of,  on  the  fireezing  point  of 

tin,  378. 
G-rain,  germinated,  origin  of  the  hydro- 

lytic  enzymes  of,  511. 
GraminesD,  germination  of,  458. 
Grasses,  existence    of   a   cellulose-dis- 

Bolying   enz^rme    (cytohydrolyst)    in 

the  germinating  seed  of,  497. 


H. 

Heat  capacity  of  sulphuric  acid  solu* 

tions,  88-94,  160-164. 
of   dissolution  of  sulphuric  acid 

solutions,  9^114,  166-177. 
——of  fusion  of    nitrogen   tetroxide, 

593. 
Hemipinic  anhydride,  1094. 
Hydrastic  acid,  1096. 
Hydrazines,  action  of  chloroform  and 

potash  on,  50. 
Hydriodic  acid,  effect  of,  on  the  disso- 
lution of  zinc  in  dUute  sulphuric  acid, 

824. 
Hydrocarbons,    cydoid,     struoture   of, 

Pboo.,  1890, 101. 


Hydrodeeylphenol,  970. 

Hydrogen  peroxide,  conditions  of  the 

formation  of,  from  ether,  674,  988. 
formation    of,  from    moist 

ether,  Pboo.,  1889, 134. 
formation  of,  on  exposure  of 

water  to  light,  Pboo.,  1889, 134. 
influence  of,  on  the  dissolu- 
tion of  zinc  in  sidphuric  acid,  822. 
sulphide,  explosion  of,  with  air  or 

oxygen,  625. 
influence  of,  on  the  dissolu- 
tion of  zinc  in  sulphuric  acid,  821. 
Hydrolysis,  terminology  of,  628. 
Hydrolysts,  631. 
Hydrolyte,  631. 
Hydromudc  acid,  371,  937. 
Hydrosulphides,  Pboo.,  1890,  60. 
Hydroxyadipic  acid,  chloro-,  lactone  of, 

940. 
Hydroxybenzamide,  para-,  reduction  of, 

957. 
Hydroxyethylbromonitropiperonylcarb- 

oxylic  anhydride,  1027. 
Hydroxyethylbromopipeperonyloarb- 

oxylio  acid,  w-,  1026. 

anhydride, «-,  1025. 

Hydroxyethyloatecholcarboxylio    an- 
hydride, W-,  1027. 
Hydroxyethylnitropiperonyloarboxylic 

anhydride, ««-,  1027. 
Hydroxyethylpiperonylcarboxylic    acid, 

OI-,  996, 1020. 

formation  of,  1060. 

fusion  of,  with  potash,  1022. 

oxidation  of,  1022. 

salts  of,  1023. 

anhydride,  »-,  1021. 

— ^-* action  of  phosphoric  chloride 

on,  1029. 
Hydroxyhydromuoonic  add,  lactone  of, 

942. 
Hydroxyindone,  brom-,  400. 

_.  benzylamide  of,  408. 

hydrazone  and   hydrazone- 

hydrazide  of,  402. 

/3-naphthylamide  of,  408. 

Hydroxyphenyldimethylgloxaline,  10. 
Hypochlorites    and    ammonium    salts, 

interaction  of,  Pboo.,  1890,  22. 
Hypochloroufl  acid,  action  of  light  on, 

622. 
Hyposulphurous  acid,  influence  of,  on 

the  action  of  zinc  on  dilute  sulphuric 

add,  822. 


Indene  deriyatiyes,  formation  of,  from 
dibrom-a-naphthol,  898. 
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Indium,  effect  of,  on  the  freezing  point 

of  tin,  386. 
Indone,  a-brom-,  action  of  aniline  on, 

898. 

preparation  of,  396. 

Inversion  by  invertase,  theory  of,  918. 

Inyertftn,  a-,  894. 

Inyertan,  /3-,  896. 

Inrertan,  7-,  901. 

Inyertan,  S-,  903. 

Invertan,  e-,  904. 

Invertan,  C-,  908. 

absorption  speotrom  of,  912. 

molecular  weight  of,  911. 

Inyertan,  i|-,  913. 
Inyertan-copper  compounds,  914. 
Invertan-series,  constitution  of,  921. 
Inyertase,  834,  896. 

action  of,  on  cane-sugar,  843. 

effect  of  heat  on  solutions  of,  899. 

influence  of  foreign  substances  on 

the  action  of,  on  cane-sugar,  852. 

preparation  of,  869. 

punflcation  of,  884. 

theory  of  inyersion  by,  918. 

Iodic  acid,  preparation  of,  760. 

Iodine,  water,  and  potassium  chlorate, 

interaction  of,  760. 
Isoberberal,  1081. 

constitution  of,  1002. 

Isodibemsoylcinnamene,  707. 
Isolepiden,  reduction  of,  691. 
Isomeric  organic  compounds,  antiseptic 

powers  of,  636. 
Isomuconic  acid,  373. 
Isoxylepidenic  acid,  690. 


J, 

Joints,  yacuum,  968. 


L. 

Lanrone,  preparation  of,  981. 

oxime,  983. 

Lead,  effect  on,  on  the  freezing  point  of 
tin,  381. 

peroxide,  influence  of,  on  the  de- 
composition of  potassium  chlorate, 
279. 

Lemon  oil,  crystalline  deposit  from, 
327. 

Lepiden,  Zinin's,  constitution  of,  662. 

Light,  action  of  chlorine  on  water  in, 
613. 

action  of,  on  chloric  acid,  624. 

action  of,  on  ether,  574. 

action  of,  on  ether,  in  presence  of 

oxygen  and  water,  674,  988. 


Light,  action  of,  on  hypoohlorous  aoid, 

622. 
action  of,  on  moist  oxygen,  Pboc., 

1880, 134. 

action  of,  on  phosphorus,  599. 

Limettiu,  323. 


Magnesium,  effect  of,  on  the  freezing 

point  of  tin,  381. 
Magnetic  rotation  of  phosphorous  oxide, 

567. 
Mansanese  dioxide,  action  of   hydio- 

chlorio  acid  on,  Pboc,  1890,  68. 
influence  of,  on  the  decom- 
position of  potassium  chlorate,  277. 

tetrachloride,  Pboc,  1890,  68. 

Mercuric  oxide,  influence  of,  on  the  de- 
composition   of   potassium  chlorate, 

279. 
Mercury,  effect  of,  on  the  freezing  point 

of  tin,  383. 

hydrosnlphide,  Pboc,  1890,  61. 

Metals,  molecular  weight  of,  when  in 

solution,  376,  666. 
Metamorphism  produced  by  pressiue, 

410. 
Methyl  anhydroberberilate,  1039. 
oi-chlorethylpiperonylcarboxylate, 

1032. 
Methyldehydropentone,    Pboc,   1800, 

138. 
Methyldehydropentonecarboxylio   acid, 

Pboo.,  1890, 138. 
Methyldihydiopentene  methyl   ketone, 

232,  242. 

oxime,  236. 

pinacone  of,  248. 

Methyldihydropentenedicarboxylio  acid, 

233. 

action  of  bromine  on,  234. 

action  of  hydrobromio  acid 

on,  236. 
Methyl-3-diphenyl-6-phenylpyrrholid- 

one,  [1-,],  701. 
Methyl-3-diphenyl-5-phenTlp7rrholone, 

[10.698. 
Methylethylhexamethyleno,  ortho-,  26. 


•  synthesis  of,  18. 
byletl 


Methylethylpentamethylene,  260. 
Methylhexamethylenemethylcarbinol, 

21. 
Methylhexamethylenemethylcarbinyl 

acetate,  22. 
Methyl-a-iodoethylpentamethylene,  249 
Methylpentamethylenemethylcarbinol, 

246. 
Methylpentamethylenemethyloaxbinyl 

acetate,  248. 
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Methylpentamethylenemethjlcarbinyl 
iodide,  249. 

Methylphenylflemithiocarbazide,  261. 

Methyltetrahydrobenzene    methyl    ke- 
tone, ortho-,  16. 

hydrazone,  20. 

oxime,  18. 

Methyltetraliydiobeiizenemethylcarb- 
inol,  24. 

Methyltriphenylbromopyrrholone,  crys- 
tallography of,  728. 

Methyltriphenjlpyrrholone,    action    of 
bromine  on,  699. 

crystallography  of,  724. 

-  oxidation  of,  701. 
Milk,  abnormal,  201. 

of  tlie  gamoose,  754. 

Molecular  weight  of  ^-inrertan,  911. 

of  nitrogen  trioxide,  595. 

of  phosphorous  oxide,  551. 

weights,    determination    of,    by 

Baoult's  method,  804. 

of  metals  when  in  solution, 

876,  666. 
Mudc  acid,  931,  987. 
action  of  phosphorus  penta- 

chloride  on,  931. 

1  deriyatives  of,  370. 

Muoonamio  acid,  j9-dichloro-,  934. 
Muconamide,  /3-dichloro-,  935. 
Muoonio  acid,  875. 
/3-dichloro-,  932. 

action   of   reducing 

agents  on,  936. 


N. 

Naphthalene    chlorides,   Fsoo.,   1800, 

85. 
action  of  alkalis  on,  Pboo., 

1890,  85. 
«— —  constitution  of  the  tri-derivatiyes 

of,  Peoo.,  1890, 11,  15, 16,  125, 126, 

127, 128, 131. 
Naphthalene-deriyatiyes,      Aomparatiye 

influence  exerted  by  the  radicles  CI, 

OH,  and  NHg  in,  on  the  formation  of 

sulphonic  acids,  Pboc.,  1890, 133. 
Naphthalene  - 1  :  2^  -  disulphonio     acid, 

Pboo.,  1800, 125. 
Naphthalene  -1:3-  disulphonic     acid, 

action  of  potash  on,  Pboo.,  1890, 

136. 
Naphthalenedisulphonic  acid,  a-amido- 

1 :  3'-,  Pboo.,  1890, 15. 

acids,  /3-ohloro-,  Pboo.,  1800, 131. 

Naphthalene-formula,     Pboo.,     1800, 

102. 
Naphthalenes,  dichloro-,  the  ten  isomeric, 


and  the  sulphonic  acidn^  and  the  tri- 
chloronaphthalenes  derived  there- 
from, Pboo.,  1800,  77. 

Nfu>hthalene8,  trichloro-,  homonudeal, 
Pboo.,  1800,  76. 

Naphthalene-seried,  isomeric  change  in 
the,  Pboo.,  1890,  86. 

Naphthalenesulphonio  acids,  chloro-^ 
influence  of  position  in  determining 
the  nature  of  the  isomeric  change  in, 
Pboo.,  1890,  86. 

NaphthaJenetrisulphonic  acid,  Pboc, 
1890,  125. 

Naphthaquinone,  a  third,  631. 

Naphthol,  dibrom-a-,  action  of  nitric 
acid  on,  808. 

preparation  of,  395. 

Naphtholsulphonic  acids,  j9-,  constitution 
of,  Pboo.,  1890, 11. 

Naphthol-yeUow,  S.,  constitution  of, 
Pboo.,  1890, 16. 

Naphthylaminedisulphonio  acid,  a-,. 
Bahl  No.  II,  constitution  of,  Pboo., 
1890, 125. 

Naphthylaminedisulphotiic     acid,      a-, 
Dahl  No.  Ill,  constitution  of,  Pboo.,  • 
1890, 16. 

Naphthylaminedisulphonic  acid,  the 
Schollkopf  a-,  constitution  of,  Pboc, 
1800,  126. 

Naphthylamine  -  d  -  disulphonic  acid, 
Casella's  /3-,  constitution  of,  Pboo., 
1800, 127. 

Naphthylaminesulphonio  acids,  iso- 
meric heteronucleal  iS-,  the  disulph- 
onic acids  obtained  by  sulphonating 
the,  Pboo.,  1800, 128. 

Naphthylaminesulphonic  acids,  /3-,  con- 
stitution of,  Pboo.,  1800, 11. 

Nickel,  action  of  carbon  monoxide  on^ 
749. 

carbon  oxide,  750. 

effect  of,  on  the  freezing  point  of 

tin,  378. 

sesquioxide,  influence  of,  on  the 

decomposition  of  potassium  chlorate, 
278. 

Nitrates  and  nitrites  in  water,  estima- 
tion of  I  811. 

Nitric  acid,  effect  of,  on  the  dissolution 
of  zinc  by  dilute  sulphuric  acid,  824. 

Nitrites  and  nitrates  in  water,  estima- 
tion of,  811. 

Nitrogen  peroxide,  690. 

tetroxide,  physical  properties  of, 

691. 

• preparation  of,  590. 

trioxide,  590. 

molecular  weicrht  of,  595. 

preparation  of,  591. 

properties  of,  697. 
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Octolijdrodiphenjlf urfunui,  955. 

Opianio  oxime,  1070. 

Organic  compouncU,  iBomerio,  antiseptic 

powers  of,  636. 
Oxides,  influence  of,  on  the  decomposi- 
tion of  potassinm  chlorate,  272. 
more  stable,  behaviour  of,  at  high 

temperatures,  269. 
Oxyberberine,  1003, 1085. 

acetate,  1086. 

constitution  of,  1008. 

Oxygen  dissolved  in  water,  estimation 

of,  185. 
moist,  action  of  light  on,  Pboo., 

1880,  134. 
Oxyhydrastinine,    synthesis    of,    from 

methyl    chlorethylpiperonylcarboxyl- 

ate,  997, 1034. 
Oxylepiden,    acicular,    distillation    of, 

688. 
Oxylepidenic  acid,  crystallography  of, 

747. 
Ozone,  action  of,  on  ether,  584. 
production  of,  by  flames,  Pboc, 

1890,  26. 


P. 

Palladium,  effect  of,  on  the  freezing 

point  of  tin,  380. 
Palmitone  oxime,  986. 

preparation  of,  985. 

Petrographical   research,  evidence   af- 
forded by,  of  chemical  change  imder 

great  pressure,  404. 
Phenanthraquinone,  action  of  cinnam- 

aldehyde  and  ammonia  on,  11. 
compounds  of,  with  metallic  salts, 

4. 

mercuric  chloride,  6. 

mercuric  cyanide,  7. 

reduction  of,  Pboc,  1800,  31. 

zinc  chloride,  5. 

Phenanthrone,  PROO.,  1800,  31. 
Phenyl  phenylthiooarbamate,  268. 
Phenylamidoethylpiperonylcarboxylic 

anhydride,  1036. 
Phenyldehydrohexonecarboxylio     acid, 

808. 
Phenyldimethylglyoxaline,  9. 
Phenylhexamethylene,    derivatives    of, 

304. 

methyl  ketone,  320. 

— "-  oxime,  321. 

Phenylhexamethylenecarboxylio     acid, 

316,  322. 
Phenylhexamethylenedicarboxylic  add, 

315. 


PhenylorthotolylsemitliioGarbande,  259l 
Phenylpentamethylene     bromide,      m^, 

313. 

glycol,  W-,  81L 

Phenyllhiocarbamide,    action   of    allji 

bromide  on,  301. 

action  of  benzyl  chloride  on,  295. 

Phosphorous  oxide,  545. 

action  of  chlorine  on,  572. 

action  of  heat  on,  562. 

action  of  light  on,  562. 

action  of  oxygen  on,  669. 

action  of  ozone  on,  571. 

■       action  of  water  on,  667. 

crystallography  of,  664. 

dispersion  of,  666. 

magnetic  rotation  of,  5(57. 

— molecular  weight  of,  551- 

physiological  action  of,  673. 

preparation  of,  647. 

— refraction  equivalent  of,  564. 

relative  density  of,  557. 

specific  volume  of,  658. 

thermal  expansion  o^  660. 

Phosphorus,  action  of  light  on,  699. 

amorphous,  properties  of,  699. 

odour  of,  573. 

—  specific  volume  of,  662. 
Physiological    action    of    phosphorous 

oxide,  673. 
Pinene,  constitution  of,  964. 
Potassium  chlorate,  influence  of  different 

oxides  on  the  decomposition  of,  272. 
iodine,  and  water,  interaction 

of,  760. 
dichromate,  influence  of,  on   the 

decomposiidon  of  potassium  chlorate, 

280. 
nitrate,  influence  of,  on  the  decom- 
position of  potassium  chlorate,  282. 
permanganate,  influence  of,  on  the 

decomposition  of  potassium  chlorate, 

280. 
Pressure,  effect  of,  on  chemical  action, 

408. 
Propyltripaenylpyrrholone,     crystallo- 
graphy c  f,  738. 
Proteld-hydrolyst,  581. 
Pseudocumylhydrazine,  64. 
Pseudooumylhydrazinepyruvio  add,  56. 
Pseudocumylsemicarbazide,  65. 
Pseudomeconine,    formation   of,    from 

pseudopianic  acid,  1072. 
Pseudomeoouinic  acid,  1078. 

salts  of,  1074. 

Pseudopianic  acid,  action  of  potasdom 

hydroxide  on,  1067. 

constitution  of,  1001. 

preparation  of,  1064. 

reactions  of,  1066. 

reduction  of,  1072. 
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Psdudopianic  acid,  salts  of,  1067. 

ozime,  1069. 

action  of  beat  on,  1070. 

Pyrene  formula,  Pboo.,  1800,  103. 
Pyrocatechol,  preparation  of,  587. 


Qoinone,  halogen  deriyatiyes  of,  Pboc., 
1890,  82. 

isomeric  change  in   the  halogen 

deriyatiyes  of,  Pbog.,  1800.  32. 

nitro-,    titard's,    probable    non- 
existence of,  265. 


Kaonlt*B     method,    determination     of 

molecular  weights  bj,  804. 
Refraction   equiyalent  of  phosphorous 

oxide,  564. 
jRhamnus  firanguloy  frangu]in  from,  38. 


S. 

Salicjlaldehyde  and  ammonia,  action  of, 

on  diaoetjl,  10. 
Salicjlamide,  reduction  of.  957. 
Seed,  resting  and  germinating,  genesis 

and  distribution  of  the  two  yarieties 

of  diastase  in  the,  605. 
Semithiocarbazides,  257. 
relations  between  the  solubilities 

and  melting  points  of,  264. 
Silica,  influence  of,  on  the  decomposi- 
tion of  potassium  chlorate,  276. 
Silyer,  effect  of,  on  the  freezing  point  of 

tin,  877. 
oxide,  influence  of,  on  the  decom- 
position of  potassium  chlorate,  279. 
Sobrerol,  Peoc,  1800,  100. 
Sobrerone,  Peoc,  1800.  100. 
Sodium    dibromoparaxylenepulphonate, 

978. 
effect  of,  on  the  freezing  point  of 

tin,  380. 

paraxjlenesulphonate,  978. 

Solution,  molecular  weight  of  metals  in, 

376,  656. 
Solutions,  law  of  the  freezing  points  of, 

Pboc.,  1800,  9. 

nature  of,  66. 

^•^  nature  of,  as  elucidated  by  the 

fireezing    points   of    sulphuric   acid 

solutions,  331. 
Specific  yolume  of  phosphorus,  562. 
Spectrum,    absorption-,    of  ^-inyertan, 

912. 


Starch,  growth  of  excised  embryos  on, 

489. 
in  the  endosperm,  functions  of, 

478. 
reserye,  changes  of,  in  the  growing 

embryo,  513. 
^-^ fonn  in  which,  after  trans- 
formation, enters  the  embryo,  518. 
ungelatinised,  action  of  diastase  of 

secretion  on,  510. 
Stearone  oxime,  639. 

preparation  of,  537. 

Sugar,  cane-,  action  of   inyertase  on, 

843. 
Sulphuric  acid,  action  of,  on  antimonious 

oxide,  641. 

— dilute,  action  of  zinc  on,  815. 

hydrates  of,  128. 

influence  of,  on  the  action  of 

inyertase  on  cane-sugar,  865. 

— monohydrate  of,  130. 

solutions,  64. 

' —  densities   of,  69 — 86, 

139—158. 
electrical  conductiyity 

of,  86—88, 168—160. 
expansion  by  heat  of, 

114—121,  177—184. 

freezing  points  of,  331. 

heat  capacity  of,  88-94, 

160-164. 
heat  of  dissolution  of, 

94-114, 165-177. 

tetrahydrate  of,  339. 

anhydride,    action    of,    on    anti- 
monious oxide,  641. 
Sulphurous  anhydride,  action  of,  on  the 

dissolution  of  zinc  in  sulphuric  acid, 

821. 


T. 

Taps,  yacuum,  968. 
Tetrahydroberberine,     constitution    of, 

1005. 
Tetraphenyldihydro-oiazone,  647. 
action  of  excess  of  phenylhydrazine 

on,  649. 
Tetraphenyldihydro-orthodiazine,  647. 
— —  action  of  excess  of  phenylhydrazine 

on,  649. 
Tetraphenylenefurfuran,  Pboc,  1800, 

32. 
Tetraphenylpyrroline,  om^-N-,  646. 
Tetraphenyluyinone,  956. 
Thallium,    effect  of,    on  the    freezing 

point  of  tin,  379. 
Thermal    expansion    of     phosphorous 

oxide,  660. 
Thermometer,  platinum,  667. 
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ThennometerB,    mercurial,    determina- 

tion  of  fixed  points  on,  656. 
Thiooarbamide,  action  of  allyl  bromide 

on,  299. 

action  of  benzyl  cUoride  on,  284. 

Thiocarbamides,  chemistry  of,  288. 
Thrombogenic  enzymes,  531. 
Tbrombogens,  531. 
Tin,  eutectio  alloys  of,  386. 
oxide,  influence  of,  on  the  decom- 
position of  potassium  chlorate,  276. 
Toluylamide,  ortho-,  reduction  of,  957. 
Tolylphenylsemithiocarbazide,     ortho-, 

258. 
Translocation,  diastase  of,  609. 
Triazine  derivatives,  synthesis  of,  328. 
Triethylbenzylammonium  chloride  and 

hydroxide,  action  of  heat  on,  781. 
Triethylmethylammonium  chloride  and 

hydroxide,  action  of  heat  on,  779. 
Trimethylallylammonium  chloride  and 

hydroxide,  action  of  heat  on,  776. 
Trimethylbenzylammonium  chloride  and 

hydroxide,  action  of  heat  on,  778. 
Trimethylene   bromide,    action  of,    on 

ethyl  sodethylacetoacetate,  30. 
Trimethvlethylammonium  ciiloride,  ac- 
tion of  heat  on,  768, 

hydroxide,  action  of  heat  on,  770. 

Trimethylisoamylammonium      chloride 

and  hydroxide,  action  of    heat  on, 

774. 
Trimethylisobutylammoniom      chloride 

and  hydroxide,  action  of  heat  on,  773. 
Trimethylisopropylammonium   chloride 

and  hydroxide,  action  of    heat  on, 

772. 
Trimethylphenylammonium      chloride 

and  hydroxide,  action  of   heat    on, 

777. 
Trimethylpropylammonium        chloride 

and  hydroxide,  action  of  heat  on,  771. 
Triphenylbutyrolactone,  680. 
Triphenylchlorofurfuran,  reduction  o( 

674. 
Triphenylcrotolactone,  678. 

action  of  bromine  on,  678. 

action  of  potash  on,  680. 

crystallography  of,  716. 

oxidation  of,  679. 

reduction  of,  679. 

Triphenylfurfuran,  646. 

oxidation  of,  675. 

reduction  of,  675. 

tribromo-,  713. 

Triphenyl-y-hydroxybutyric  acid,  680. 
Triphenylpyrazole,  710. 
Triphenylpyrroline,  645. 
Triphenylpyrrolone,  694. 

crystallography  of,  720. 

reduction  of,  695. 


Triphenylthiophen,  647. 

Tungsten  oxide,  influence   of,   on  the 

decomposition  of  potassium  chlorate, 

276. 
Turpentine,  oxidation  of,  in  sunlight, 

Pboc,  1890,  99. 
production  of  camphor  from,  961. 


Uranium  oxide,  influence  of,  on  the 
decomposition  of  potassium  chlorate, 
276. 


Vacuum  joints  and  taps,  imprdved,  958. 
Yanadic  anhydride,  influence  of,  on  the 

decomposition  of  potassium  chlorate, 

276. 
Volume,  speciflc,  of  phosphorus,  562. 


w. 

Water,  action  of  chlorine  on,  in  the 

light,  613. 
estimation  of  dissolved  oxygen  in, 

185. 
estimation    of  the    nitrates    and 

nitrites  in,  811. 


Xylene,  dibromopara-,  preparation  and 

properties  of,  974. 
Xylenesulphonamide,        dibromopaza-, 

977. 

reduction  of,  979. 

Xylenesulphonio    acid,     dibromopaza-, 

976. 

acids,  nara-,  974. 

chloride,  dibromopara-,  977. 


I 


T. 


Yeast,  liquefaction  of,  869. 
Teast-albuminoTd,  886,  893. 
Yeast-liquor,  composition  of,  878. 


z. 

Zinc,  action  of,  on  dilute  sulphuric  acid, 

816. 
-^—  effect  of,  on  the  freezing  point  of 

tin,  382. 
—  purification  of,  816. 


Digitized  by  VjOOQIC 


ERRATA. 

Vol.  LVII. 
Pago       Line 
90  18      from  top,       for "  homopyrocatechuic"      read     "  homopjrocate- 

164  23 and  22    „      bottom,    „   " 3.^5 } 27878"     read  "o|4925}^'^®^®" 

268  4         „  „        „    "the  present  communication"  r^cui  *' the  present 

and  preceding  communications." 

„    "20-698"  r^ad  "^1-374." 

„  „  **3*16  per  cent,  solution**  read  "solution  con- 
taining 3*16  grams  of  phosphorous  oxide  per 
100  grams  of  bemEene." 

after  "  pyrrol"  iiMert  [Editob.] 

761  22      from   top,       for  "  AnnaUn "  read  "  Annates  de  ChimteV 

809    bottom  (note)  „    "  CioHe<  |     "    read"CioB^\      ." 


551 

4 

>» 

3 

670 

bottom 

Digitized  by  VjOOQIC 


LONDON : 
MABBI80K  AND  SONS,  PKINTBR8  IN  OBDINABT  TO  HKB  llAJBaTr» 

ST.  mabtin'b  lank. 


Digitized  by  VjOOQIC 


No.  CCCXXXIV.] 


[September,  1890. 


JOURNAL 


OF 


THE  CHEMICAL  SOCIETY. 

ooHTAnrura 

PAPERS  READ  BEFORE  THE  SOCIETY, 

AlTD 

ABSTRACTS  OF  CHEMICAL  PAPERS  PUBLISHED  IN  OTHER  JOURIIALS. 


Vols.  LVII  &  LVIII. 


Commtttce  of  ipnbltcstton: 


v.aja. 


H.  B.  ABMflTBOVQ»  Ph.D< 
WtITDHAX  R.  DtTKBTJLN. 

F.  R.  Japp,  LL.D.,  F.B.S. 
H.  F.  MoELET,  M.A.,  D.Sc. 
Hueo  MuLLXs,  Ph.D.,  F.KJ. 
W.  H.  PiEKiN,  Ph.D.,  F.R.S. 


W.  RucsAT,  Ph.D.,  F.R.S. 
W.  J.  BuasBLL,  Ph.D.,  F.R.S. 
J.  MiLLAB  Thoksoh,  F.R.S.E. 
T,  B.  Thorpb,  Ph.D.,  F.E.S. 
W.  P.  Wtnnh,  B.So. 


8.  B.  AsHER  Abon. 

C.  F.  Baker,  B.So. 

D.  Bbkdix. 

A-  G-.  Bloxak. 

0.  H.  Botramlbt. 

B.  Braunbb,  Ph.D. 

B.  H.  Bbottoh. 

H.  Q-.  CoLMAJf,  Ph.D. 

H.  Crompton. 

W.  D.  Hallibitbtow,  It.D., 

F.  S.  Kipping,  Ph.D.,  B.So. 

J.  W.  Lbathbr,  Ph.D. 

D.  A.  LouM. 


editor: 
C.  B.  Gbotbb,  F  JLS. 

Sttb-tbtlor: 

A.  J.  G-RBBKAWAT. 

T.  Maxwbll,  M.D.,  B.Sc. 
N.  H.  J.  MiLiBR,  Ph.D. 
a.  T.  Moody,  D.Sc. 
J.  M.  H.  MiTNRo,  D.Sc. 
T.  Q-.  Nicholson. 
E.  W.  Prbfobt,  Ph.D. 

R.  ROTTTLBDaB,  B.So. 
M.  J.  SaIiTbr. 
Jaubs  Taylor,  B.Sc. 
L.  T.  Thornb,  Ph.D. 
H.  K.  Tompkins,  B.So. 
J.  Walker,  D.Sc,  Ph.D. 
W.  P.  Wtknb,  B.Sc. 


) 


B.Sc. 


LONDON: 

aURNEY   AND   JACKSON  (Sttocbssors  to  J.   Vak   Voorst) 

1,  PATERNOSTER    ROW. 


BA&UWW  AMD  fOKS,  1 


I  Dl  OIMNAKT  TO   HKB  KAJESTT,  ST. 


MABTISI*S  LAMS. 


'i^. 


PROCEEDINaS   OF  THE    CHEMICAL  SOOIET7. 

The  attention  of  Subscribers  to  the  publicfttions  of  the  Ghemicai 
Society  is  directed  to  the  fact  that  a  namber  of  the  papers  read  at 
the  bi-monthly  meetings  and  abstracts  of  the  remainder,  together 
with  the  discnssions  thereon,  ore  now  pnbiished  by  the  Society, 
being  usually  issued  to  Fellows  about  a  week  after  the  meeting  in 
the  form  of  "  Proceedings.**  The  Proceedings  aw  purchasable  at  a 
price  of  seven  shillings  and  sixpence  per  annum,  post  free.  In- 
tending subscribers  are  requested  to  apply  to  Messrs.  Gumey  and 
Jackson,  1,  Paternoster  Row,  London. 


ISSUE  OF  JOURNAL  TO  SUBSCRIBERS. 

The  Journal — which  comprises  the  Transactions  of  the  Chemioal 
Society  and  Abstracts  of  all  chemical  papers  published  elsewhere — Is 
regularly  despatched,  post  free,  by  the  PabUshers  (Gurney  and 
Jackson,  1,  Paternoster  Row,  E.G.)  to  subscribers — Euglish  and 
Foreign,  within  the  Postal  Union — who  h.%re  paid  to  them  in  ad« 
ranee  the  annual  subscriptiou  of  30^. 


PROCEEDINGS  OP  THE  ROYAL  SOCIETY. 

Subscriptions  of  lO^.  can  still  be  received  by  Mr.  Hall  for  the  back 
volumes  of  the  Royal  Society's  Proceedings  as  under : — Volumes  27- 
37,  38,  39,  40,  41,  42,  43,  44,  and  45. 


To  facilitate  the  preparation  of  the  abstract  accounts  of  the  Pro- 
ceedings at  the  meetings  of  the  Society,  all  authors  are  requested  to 
furnish  abstracts  of  their  communications,  and  to  send  their  papers  so 
that  they  may  be  in  the  hands  of  the  Secretaries,  if  possible^  on  the 
Monday  before  the  day  of  meeting.  Authors  are  also  requested  to 
write  on  their  papers  the  address  to  whieh  they  wish  proofi  to  be  sent. 
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IMPORTANT  NOTICES. 


LIBRARY. 

Fellows  of  the  Chemical  Society  are  informed  that  the  Librart  in 
open  for  consultation,  and  for  the  issue  of  books,  on  Monday  ..mi 
Thursday  evenings  from  7  till  9. 


NOTICES  TO  AUTHORS  Of  PAPERS. 
It  has  been  resolved  by  the  Council  :—^  That  comxnoni  ca- 
tions to  the  Society  which  have  previously  appeared  in  any 
Foreign  Journal  be  not  published  in  the  Society's  Transac. 
tions  unless  specially  recommended  to  the  Council  for  puDh- 
cation  by  the  Publication  Committee,  and  approved  by  the 
Council  for  publication." 


Any  Plates  which  may  bo  inserted  in  the  Journal  have  to  b'^   '^f 
certain  dimensions.     It  is  desirable,  therefore,  that  Authors  who  ^ 
to  illustrate  their  experimental  results  by  means  of  CURVES  shi 
arrange  the  latter  so  that  they  may  be  lithooraphed  without  reduo- 
tion.     Information  as  to  the  dimensions  of  Plates  can  be  obtained  on 
application  to  the  Editor. 


All  papers  communicated  to  the  Society,  with  their  illustra- 
tive drawings,  become  the  property  of  the  Society,  unless 
stipulation  be  made  to  the  contrary.  In  the  case  of  papers 
which  are  not  accepted  lor  publication  in  the  Transactions, 
the  Council  have  decided  that  in  order  to  meet  any  claim  for 
priority  such  papers  shall  be  deposited  in  the  Society's 
Archives.  Authors  are  therefore  advised  to  retain  copies  of 
their  papers. 


All   communications   for  the  Journal   of    the    Society   should    be 
addressed  to  **The  Secretaries"  at  Barling K>n  Hoaso. 


Authors  are  requested  to  send  their  correctrJ  [>roofs  without  deljiy 
^■*i   to  the  Editor,  Kennington  Green,  S.E!. 


Abstractors  are  requested  to  send  their  MSS.  a  ad  corrected  procfs 
U)  the  Sub-editor,  Frogrnal,  Hampstead,  N.W.;  and  communicate 
chansre  of  address  to  the  Printers,  as  well  aa  Ui  the  Editors. 
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